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Irrigation Engineering

Module 1: Water Resources Utilization& Irrigation Development
LESSON 1 Water Resources of India and its Demand in Various Sectors
1.1 Definition

Irrigation is defined as the science of artificial application of water to the land, in accordance with the “crop
water requirements’ throughout the ‘crop period” for full-fledged nourishment of the crops (Garg, 1996).

Fig. 1.1.Application of water by drip.

Irrigation water is supplied to supplement the water available from rainfall, soil moisture storage and
capillary rise. However, in many cases, it is not possible to meet the full crop water requirement
throughout the season due to limited water availability. In such cases, deficit irrigation is provided in the
form of life saving or supplemental irrigation. Besides meeting the crop water requirement, irrigation is
also provided for field preparation, climate control (crop cooling and frost control), and leaching of
excessive salts.

Irrigation is very ancient practice and can be traced with the beginning of human civilization. Importance
of irrigation in agriculture is very well documented in Namrada Smriti XI, 9 which states that “no grain is
ever produced without water, but too much water tends to spoil the grain; an inundation is as injurious to
crop growth as a dearth of water.” Hence, irrigation is essential.

Irrigation however has several advantages and disadvantages which are listed below:
Advantages

e Increases agricultural productivity and allows for multiple cropping during an year Provide jobs.

e Reduces risk of crop failures.

e Higher productivity results in steady supply of food at lower prices (supply demand principle of
€conomics)

e Improves socioeconomic conditions of farmers
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Irrigation Engineering
Disadvantages

1. Excessive irrigation may cause decrease in crop yield

2. Excessive irrigation may cause leaching of pesticide, insecticide, nitrogen and nitrates to

groundwater and may also transport them to surface water systems.

In poorly drained soils water logging and salinity may occur.

In poorly maintained canals- excessive seepage may cause water logging.

5. Excessive groundwater pumping may cause decrease in groundwater levels which may damage
aquifer structure and increase the risk of land subsidence.

= »

1.2 Purpose of Irrigation
Some of the main purposes of irrigation are enlisted below:

To supply essential moisture for plant growth

Transportation of fertilizers (Fertigation)

To leach or dilute salts in soil

To help in field preparation, dust control etc.

Other benefits of irrigation include cooling of the soil and atmosphere to create more favourable
environment for crop growth and frost control

Ol XD

1.3 Sources of Water
1.3.1 Natural Sources

Rain, snow, hail and sleet are precipitated upon the surface of the earth as meteorological water and may
be considered as the original source of all the water supplied. Surface and groundwater are main sources
of irrigation water. Three aspects should be considered in appraising water resources which are the
quantity, the quality, and the reliability of availability of water. Rainwater, rivers, lakes, streams, ponds
and springs are natural sources of water. Dams, wells, tube wells, hand-pumps, canals, etc. are man-made
sources of water.

i / i "
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Fig. 1.2.Sources of water.
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Irrigation Engineering
Irrigation water sources can be broadly classified into two main groups, namely,

1. Surface water sources and

2. Groundwater sources.
Irrigation water supply can be either obtained from surface water sources or groundwater sources or
both. Both of these depend upon the precipitation.

1.3.2 Surface Water

Water present on the surface of the earth in the form of oceans, rivers, lakes, ponds and streams is called
surface water. Surface water accumulates mainly by direct runoff from precipitation i.e., rain or snow
melting. The amount of available surface water depends largely upon rainfall.

Surface water sources consists river, lake, and reservoir supplies. Dams or reservoirs are constructed to
create artificial storage of water. Canals or open channels can be constructed to convey surface water from
the rivers or reservoirs to the farm fields where it may directly applied to the field or stored in farm
irrigation structures like ponds or tanks. The water is also conveyed through pipes by gravity or pumping.
Thus, sources of surface water are i) Rivers and streams ii) Reservoirs iii) Tanks, ponds and lakes.

1.3.2.1 River

A river is a natural water course, usually of freshwater, flowing towards an ocean, a lake, a sea, or another
river. In a few cases, a river simply flows into the ground or dries up completely before reaching another
body of water.

Fig. 1.3. River Ganga.
1.3.2.2 Reservoir

A reservoir is a natural or an artificial lake, storage pond or impoundment from a dam which is used to
store water. Reservoirs may be constructed across the rivers or may be excavated in the ground.

Fig.1.4. Reservoir. (Idukki Arch dam -Kerala, India).
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1.3.2.3 Lake

A lake is an inland water body of considerable size. Lakes can serve as the source or termination point for
rivers or smaller streams. Lakes are distinct from lagoons as they are not part of the ocean. Lakes are larger
and deeper than ponds.

1.3.2.4 Ponds

A pondis abody of standing water, either natural or man-made, that is usually smaller than
a lake. Generally, they contain shallow water with marsh and aquatic plants and animals.

1.3.2.5 Tank

Tanks are large excavations in which water is stored. They form an important source of water in many of
the Indian villages.

1.3.3 Ground Water

A part of the water which infiltrates into the soil after any rainfall event percolates to the groundwater
table. Ground waters, generally, characterized by higher concentrations of dissolved solids, lower levels
of colour, higher hardness (as compared with surface water), dissolved gasses and freedom from microbial
contamination. Wells are generally used to extract groundwater.

The extraction of groundwater is mainly by:

1. Dug well with or without straining walls

2. Dug cum bore wells

3. Cavity Bore

4. Radial collector wells

5. Infiltration galleries

6. Tube wellsé& bore wells.

Groundwater that flows naturally from the ground is called a spring.
1.4 Present Status, Development and Utilization of Water Resources
1.4.1 Surface Water

In India, surface flow takes place through 14 major rivers basins. In addition to major rivers there are 44
medium and 55 minor basins. The total water potential of these basins is estimated at 187.9 million ha
million. A break up of this resource reveals that 105 million ha m is the runoff from rainfall that flows into
rivers and streams including reservoir and tanks. The largest potential of water is available in Ganga-
Brahmaputra-Meghna basin with a total of 117 million ha m followed by Godavari and west flowing rivers
from Tapi to Tadri each having an average annual potential of more than 10 Mha m.

1.4.2 Ground Water

Ground water resources are abundant only in the northern and coastal plains. Agriculture is the major
source of groundwater use. It has been found that excessive use of ground water depletes aquifers, lowers
the water table and may lead to salivation, water logging and alkalization of the soils.
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In India, the total utilizable water resource is assessed as 1123 Billion Cubic Meters (BCM) (Table 1.1).
Keeping a provision of about 71 BCM/ year out of 433 BCM of groundwater, 362 BCM/ year of the resource
is estimated to be available for irrigation. The net draft of groundwater for irrigation is around 150
BCM/yr. The per capita availability of water at national level has been reduced from about 5177 cubic
meters in 1951 to the estimated level of 1,820 cubic meters in 2001 with variation in water availability in
different river basins. Given the projected increase in population by the year 2025, the per capita
availability is likely to drop to below 1,000 cubic meters, which could be labelled as a situation of water
scarcity (GOI, 2006).

In the major part of the country, rainfall is the only sources for water which is available mainly during the

monsoon season lasting for less than 3 months. Due to tropical climate and its geographical location, the
country experiences vast spatial and temporal variation in precipitation. About one- third of the country's
area is drought prone. The south and western parts comprising the states of Rajasthan, Gujarat, Andhra
Pradesh, Madhya Pradesh, Maharashtra, Tamil Nadu and Karnataka are the drought prone areas. On the
other hand, north and north eastern regions including states of Uttar Pradesh, Bihar, West Bengal and
Assam are subjected to periodic flooding.

The total availability of water in the 76 major reservoirs was 109.77 BCM at the end of the monsoon of
2005 (GOY, 2006). The Central Ground Water Board (CGWB) has estimated that it is possible to increase
the groundwater availability by about 36 BCM, by taking up rainwater harvesting and artificial recharge
over an area of 45 M ha through surplus monsoon runoff. Thus, the groundwater availability may
correspondingly increase.

The recent estimates (GOI, 2006) on water demand are made by a) Standing Sub-Committee of the
Ministry of Water Resources (MoWR) and b) the National Commission for Integrated Water Resources
Development (NCIWRD); their estimates (shown in Table 1.2) are made till the year 2050.The estimates by
MoWR indicates that, by year 2050, the demand for water will increase by 5 times for industries, 16 times
for energy production, while its drinking water demand will double, and irrigation demand will raise by
50 percent.

Table 1.1. Availability of Water Resources in India

Sr. No | Particulars %lijl?ir;tr:téubic Meter)
1. Annual Precipitation (Including snowfall) | 4000

2. Average Annual Availability 1869

3. Per Capita Water Availability (2001) 1820

4. Estimated Utilizable Water Resources 1123

(i) Surface Water Resources 690 km3

(ii) Ground Water Resources 433 km?

https://t.me/agricultural_eng 9 winins AgriMoon, Com



Table 1.2 Water Demand (in BCM) for various Sectors

Sector Standing Sub-Committee of MoWR NCIWRD

Year 2010 2025 2050 2010 2025 2050
Irrigation 688 910 1072 557 611 807
Drinking Water 56 73 102 43 62 111
Industry 12 23 63 37 67 81
Energy 5 15 130 19 33 70
Others 52 72 80 54 70 111
Total 813 1093 1447 710 843 1180
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LESSON 2 Irrigation Development
2.1 Irrigation Development

Irrigated agriculture has developed most extensively in the arid and semi-arid regions and areas having
prolonged dry spells. The practice is essentially to supplement the available rainfall in an area. The
principle irrigation practice of ancient times was building of temporary bunds across streams and then
diverting their flow to the fields. The practice of storing water in tanks was developed at a later stage.
Modern well-designed large-scale irrigation system with reservoirs and delivery systems developed
mainly after 18th century.

Vedas, Ancient Indian writers and ancient Indian scriptures have made references to wells, canals, tanks
and dams. These irrigation technologies were in the form of small and minor works, which could be
operated by small households to irrigate small patches of land. In the south, perennial irrigation may have
begun with construction of the Grand Anicut by the Cholas as early as second century to provide irrigation
from the Cauvery River. The entire landscape in the central and southern India is studded with numerous
irrigation tanks which have been traced back to many centuries before the beginning of the Christian era.
In northern India also there are a number of small canals in the upper valleys of rivers which are very old.

2.1.1 Irrigation during Medieval India

Irrigation is said to be one of the major reasons for the growth and expansion of the Vijayanagar Empire
in southern India in the fifteenth century. Babur, in his memoirs called ‘Baburnamah’ gave a vivid
description of prevalent modes of irrigation practices in India at that time. The Gabar Bunds captured and
stored annual runoff from surrounding mountains to be made available to tracts under cultivation.

2.1.2 Irrigation Development under British rule

According to sources of irrigation close to nineteenth century; canals irrigated 45 %, wells 35 %, tanks 15
% and other sources 5 %. Famines of 1897-98 and 1899-1900 necessitated British to appoint first irrigation
commission in 1901, especially to report on irrigation as a means of protection against famine in India. As
a result of recommendations of the first irrigation commission total irrigated area by public and private
works increased to 16 Mha in 1921. From the beginning of 19th century to 1921 there was no significant
increase in tube well irrigated area. During 1910 to 1950 growths rate of irrigation was estimated at 2.0 %
per annum for government canal irrigation, 0.54 % per annum for well irrigation and 0.98 % per annum
in respect of irrigation from all sources.

2.1.3 Irrigation Development at Time of Independence

At time of independence net irrigated area of India under British rule which include Bangladesh and
Pakistan was 28.2 M ha. After partition net irrigated area in India and Pakistan being 19.4 Mha and 8.8
Mha respectively.

Irrigation development in Indiawas taken up in a big way after independence through major, medium
and minor irrigation schemes. The irrigation potential has gone up from 22.6 Mha (9.76 Mha through Major
and Medium and 12.84 Mha through Minor) prior to Plan period to 93.95 Mha by the end of IX Plan and
further to 97.15 Mha (38.87 Mha through Major & Medium and 58.28 Mha through Minor) up to March
2004 against the Ultimate Irrigation Potential of 139.91 Mha (58.49 Mha through Major & Medium and
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81.42 Mha through Minor). This development of irrigation facilities has largely contributed to country’s
self-sufficiency in food grains which has gone up from 51 Million tons in 1950 to 210 million tons in 2000.
Additional Irrigation Potential of 10.50 Mha (6.5 through Major and Medium and 4.00 Mha. through
Minor) is planned to be created during the X Plan totalling to 104.45 Mha by the end of the Xth Plan
(MoWR, 2007).

2.2 Plan Development

a) Accelerated Irrigation Benefit Programme (AIBP)

b) Command Area Development and Water Management Programme (CADWM)
¢) Bharat Nirman

a) Accelerated Irrigation Benefit Programme (AIBP)

The Accelerated Irrigation Benefits Programme (AIBP) was launched during 1996-97 to provide loan
assistance to the states to complete some of the incomplete major/medium irrigation projects, which were
in an advanced stage of completion. The criteria for AIBP was further relaxed from April 2005 to include
minor irrigation schemes of non-special category States with potential of more than 100 ha with preference
to Tribal Areas and drought-prone areas. After commencement of this programme 50 major/medium and
3480 Surface minor irrigation schemes have been completed. An additional irrigation potential for 3.25
million hectare has been created through major/medium irrigation projects up to March 2005 and an
irrigation potential of 123,000 hectare has been created through surface minor irrigation schemes up to
March 2006 (Gol, 2006).

b) Command Area Development and Water Management Programme (CADWM)

The Centrally sponsored Command Area Development (CAD) Programme was launched in 1974-75 with
the objective of bridging the gap between irrigation potential created and that utilized through efficient
utilization of created irrigation potential. The other aim was optimizing agricultural production from
irrigated lands on a sustainable basis. The CAD programmewas initiated with 60 major and medium
irrigation projects. So far 310 irrigation projects with a Culturable Command Area (CCA) of about 28.45
Mha have been included under the programme, out of which 133 projects are currently under
implementation (GOI, 2005). However, there have been certain constraints which are:

o Unreliability of water supply from the government sources mainly due to system deficiency,
Water logging, non-availability of drainage system and unscientific water use,

o Gap between scientific technologies of efficient water use and the technologies adopted at the
farm level,

o Lack of participation of farmers in water management,

e Lack of conjunctive use of surface and groundwater, f) Non-inclusion of corrective
measuresfor system deficiencies

o Lack of matching budgetary support by State Governments to execute the programme.

The restructured Command Area Development and Water Management Program (CADWM) from 2002,
considered almost all aspects of the water resources management. The programme covers a great deal of
activities responsible for bringing in greater efficiencies in land water and crop management. The success
of the programme would, however, depend on the CADAs/State agencies that are implementing the
program through coordination of the concerned organizations and other related inputs.

https://t.me/agricultural_eng 12 s AgriMoon, Com
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c) Bharat Nirman

Under the irrigation component of Bharat Nirman, the target of creation of additional irrigation potential
of 10 M ha in 4 years (2005-06 to 2008-09) is planned to be meet largely through expeditious completion of
identified ongoing major and medium irrigation projects. Irrigation potential of 42 lakh hectare is planned
to be created by expeditiously completing such on-going major and medium projects (GOI, 2005).

2.3 Irrigation Potential Created and Utilized

Ultimate Irrigation Potential (UIP): This term refers to the gross area that could be irrigated theoretically
if all available land and water resources would be used for irrigation.

Irrigation Potential Created (IPC): This term refers to the total gross area proposed to be irrigated under
different crops during a year by a scheme. The area proposed to be irrigated under more than one crop
during the same year is counted as many times as the number of crops grown and irrigated.

Irrigation Potential Utilized (IPU): This term is defined as the gross area actually irrigated during the
reference year out of the gross proposed area to be irrigated by the scheme.

Irrigation Potential Creation: Expansion of irrigation facilities, along with consolidation of the existing
systems, has been the main part of the strategy for increasing production of food grains. With sustained
and systematic development of irrigation, the irrigation potential through major, medium and minor
irrigation projects has increased from 22.6 Mha in 1951, when the process of planning began in India, to
about 98.84 Mha at the end of the year 2004-05. Plan wise irrigation potential created and utilized through
major, medium and minor irrigation projects in the country is shown in Table 2.1 and Figure 2.1.

Table 2.1.Irrigation potential created and utilized during Plan periods in India

Plan Period Potential (cumulative) created (Mha) | Potential (cumulative) utilized (Mha)
Pre-Plan period 22.60 22.60
First Plan (1951-56) 26.26 25.04
Second Plan (1956-61) 29.08 27.80
Third Plan (1961-66) 33.57 32.17
Annual Plans (1966-69) 37.10 35.75
Fourth Plan (1969-74) 44.20 42.19
Fifth Plan (1974-78) 52.02 48.46
Annual Plans (1978-80) 56.61 52.64
Sixth Plan (1980-85) 65.22 58.82
Seventh Plan (1985-90) 76.53 68.59
Annual Plans (1990-92) 81.09 72.86
Eighth Plan (1992-97) 86.26 77.24
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Ninth Plan (1997-2002) 93.95 80.06

Tenth Plan (upto 2004-05) | 98.84 83.56

(Source: www.wrmin.nic.in )
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Fig. 2.1. Irrigation potential created and utilized.
2.4 Causes for gap in potential Created and Utilized (Ramanayya et al., 2008)
2.4.1 Measurement Problems

¢ The estimates made by the Irrigation Department do not take into accountthe
unauthorized irrigation and pilferages of water.

¢ The Revenue Department goes by the revenue collected and not by actualarea irrigated.

¢ The meaning of IPU is similar to the meaning of the GIA, but the statistics are collected
and published by the Ministry of Water Resources instead of the Ministry of
Agriculture. The differences between the most recent reported IPU (80.06 Mha) and
GIA (75.87 Mha for 2000/2001) can be explained by the difference in the data collection
and sampling strategies adopted to calculate the two quantities and by considering
minor irrigation schemes inside the command area of major or medium irrigation
schemes.

2.4.2 Design Problems

e There are certain assumptions made at the time of designing the project. Itis necessary to
verify and validate these assumptions after completing the project and redefine the
quantum of potential created.

e The average rainfall in the area over a period of 30 years or so is considered while
designing the project and calculating the dependable yield. It does not make any
allowances for variations.

e The assumption made about the cropping pattern at the time of estimating the irrigation
potential created may not hold good after implementation of the project.

¢ Availability of water at the beginning of each agricultural season should be the criterion
for defining the potential created. In other words, the potential is based on the
availability of water in a particular season and varies every year.

e The estimation of potential utilized should also take into account the canal breaches and
unauthorized irrigation.
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LESSON 3 Irrigation Projects
3.1 Irrigation Projects

In India irrigation has always been the largest user of water. Irrigation projects mainly consists engineering
(or hydraulic) structures which collect, convey, and deliver water to areas on which crops are grown.

Irrigation projects may range from a small farm unit to those serving extensive areas of millions of hectares.
A small irrigation project may consist of a low diversion weir or an inexpensive pumping plant along with
small ditches (channels) and some minor control structures. A large irrigation project includes a large
storage reservoir, a huge dam, hundreds of kilometres of canals, branches and distributaries, control
structures, and other works (Asawa, 2005).

3.2 Irrigation Projects Classification

Irrigation projects are classified in different ways, however, in Indian context it is usually classified as
follows:

3.2.1 Based on Cultural Command Area (CCA)

e Major Irrigation Projects: The area envisaged to be covered under irrigation is of the
order over 10000 hectare (CCA>10,000 ha). This type of project consist huge storage
reservoirs, flow diversion structures and a large network of canals. These are often
multi-purpose projects serving other aspects like flood control and hydro power.

e Medium Irrigation Projects: Projects having CCA less than 10,000 ha but more than
2,000 ha are classified as medium irrigation projects. These are also multi-purpose
surface water projects. Medium size storage, diversion and distribution structures
are the main components of this type of project.

e Minor Irrigation Projects: Projects having CCA less than or equal to 2,000 ha are
termed as minor irrigation project. The main sources of water are tanks, small
reservoirs and groundwater pumping. A number of minor irrigation projects may
exist individually within the command area of a major or medium irrigation project.

The Major and Medium Irrigation (MMI) projects are further classified into two types based on irrigation
method adopted.

e Direct Irrigation method: In this method water is directly diverted from the river
into the canal by the construction of a diversion structure like weir or barrage across
the stream without attempting to store water. This method is practiced where the
stream has adequate perennial supply. Direct irrigation is usually practiced in
deltaic tracts that is, in areas having even and plane topography.

e Indirect or Storage Irrigation Method: In this system, water is stored in a reservoir
during monsoon by construction of a dam across the river. The stored water is
diverted to the fields through a network of canals during the dry period. Evidently
indirect irrigation is adopted where the river is not perennial or flow in the river is
inadequate during lean period.
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3.2.2 Based on the Way of Water Application

The Irrigation schemes are classified into two types based on way of water application.

e Gravity/Flow Irrigation Scheme: This is the type of irrigation system in which water
is stored at a higher elevation so as to enable supply to the land by gravity flow.
Such irrigation schemes consists head works across river to store the water and
canal network to distribute the water. The gravity irrigation scheme is further
classified as:

1. Perennial Irrigation Scheme: In this scheme assured supply of water is made
available to the command area throughout the crop period to meet irrigation
requirement of the crops.

2. Non-Perennial Irrigation (Restricted Irrigation) Scheme: Canal supply is

generally made available in non-monsoon period from the storage.

o Lift Irrigation Scheme: Irrigation systems in which water has to be pumped to the
field or canal network form lower elevations are categorised as lift irrigation

schemes.

3.3 Some of the Major Irrigation Projects

Since independence, India has developed several major irrigation projects. Some of the major irrigation

projects are listed in Table 3.1 and also shown in Fig. 3.1.

Table 3.1. Major irrigation projects of India

Name River State CCA, ha Year of completion
Bha.kra Nangal Sutlej Punjab and Himachal 40,00,000 1963
Project Pradesh
Beas Project Beas River Pu.njab, Haryana and 21,00,000 1974
Rajasthan
Indira Gandhi Canal Harike (Satlej and Beas) | Punjab 5, 28,000 1965
Koshi Project Kosi River Bihar and Nepal 8.48,000 1954
Hirakund Project Mahanadi Orisa 10,00,000 1957
Tungabhadra project | Tungbhadra -Krishna AP-Karnataka 5,74,000 1953
Nagarjuna Sagar .
. Krishna AP 13,13,000 1960
Project
Chambal Project Chambal REIES RN £ WEE e 5,15,000 1960
Pradesh
Dar’podar valley Damodar Jharkhand, West 8,23,700 1948
project Bengal
https://t.me/agricultural_eng 16 wenne AgriMoon, Com
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Irrigation Engineering

3.3.1 Major, Medium and Minor Irrigation Projects - Potential Created and Utilized

Demand for irrigation water in India is huge; however, the limits to storage and transfer of water restrict
the potential for irrigation. The assessment of Ultimate Irrigation Potential (UIP) needs to be periodically
reviewed to account for revision in scope, technological advancement, inter basin transfer of water,
induced recharging of ground water, etc. The UIP of projects covered under the Accelerated Irrigation
Benefit Program (AIBP) is of the order of 139.9 Mha. Potential Created (PC) & Potential Utilised (PU) up
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Fig. 3.1. Major Irrigation Projects of India.

to end of IXth Plan are given in Table 3.2.
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Gandak project Gandak Bihar-UP 16,51,700 1970

Kakrapar project Tapti Gujarat 1,51,180 1954

Koyna Project Koyna- krishna Maharashtra 1964

Malprabha project Malprabha Karnataka 2,18,191 1972

Mayurakshi Project Mayurakshi West Bengal 2,40,000 1956

Kangsabati project Et\:\/gfsabatl and Kumari West Bengal 3,48,477 1956
16"
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Table 3.2. Sector wise UIP, PC and PU Till end of IXt Plan (in Mha)

Sector UIP PC PU

MMI 58.47 | 37.05 | 31.01

Minor Irrigation (Ml)

Surface water | 17.38 | 13.6 11.44

Ground water | 64.05 | 43.3 38.55

Sub-Total 81.43 | 56.9 | 49.99

Total 139.9 | 93.95 | 81.00

3.3.2 Procedure for Setting up a MMI Project in India

The state planning to start a new irrigation project shall have to prepare a report based on “Guidelines for
Submission, Appraisal and Clearance of Irrigation and Multipurpose Projects” brought out by the Central
Water Commission (CWC). This report has to be sent to the project appraisal organization of the CWC for
the clearance with a note certifying the following;:

1. All necessary surveys and investigations for planning of the proposed irrigation
project and establishing its economic feasibility have been carried out depending on
certain guidelines.

2. 10% of the command area of the proposed project has been investigated in details

in three patches of land representing terrain conditions in the command for

estimation of the conveyance system up to the last farm outlets.

10% of the canal structures have been investigated in full detail.

4. Detailed hydrological, geological, construction material investigations have been
carried out for all major structures, that is, dams, weirs (or barrages, as the case may
be), main canal, branch canal up to distributaries carrying a discharge of 10 m3s-1.

5. Soil survey of the command area has been carried out as per IS 5510-1969.

6. Necessary designs for the various components of the project have been done in
accordance with the guidelines and relevant Indian standards.Necessary studies for
utilization of ground water have been done with special regard to the problem of
water logging and suitable provisions have been made for conjunctive use of
ground water and drainage arrangements.

7. The cost estimates and economic evaluations were carried out as per guidelines
issued by the CWC.

@

It may be noted that similar report has to be made even for multipurpose projects having irrigation as a
component. Apart from the above techno-economic studies carried out by the state design organization,
the project report should be examined by the state-level project appraisal/technical advisory committee
comprising representatives of irrigation, agriculture, fisheries, forests, soil conservation, ground water,
revenue and finance departments and state environmental management authority. The techno-economic
feasibility report should also be supplemented with “Environmental Impact Assessment Report” and
“Relief and Rehabilitation Plan” because of major impact of an irrigation project on environment.

The project proposal submitted to the CWC shall be circulated amongst the members of the advisory
committee of the ministry of water resources for scrutiny. Once the project is found acceptable it shall be
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recommended for investment clearance to the planning commission and inclusion in the five year
plan/annual plan.

3.3 Environmental Impact of Irrigation Projects

All water resource projects, whether for irrigation or for hydro-electric power or for flood control or for
water supply, are constructed for the well-being of human beings and have definite impact on the
surrounding ecosystems and environment. If the projects are properly planned and suitably designed, the
adverse impacts can be minimized. Environmental evaluation or assessment is generally done at the
planning and design stages of the project. There is a need to develop a complete checklist of the impacts
and an environmental evaluation system to quantify the impacts of irrigation projects.

The purpose of the assessment is to ensure that decision makers consider the ensuing environmental
impacts when deciding whether or not to proceed with a project. The International Association for Impact
Assessment (IAIA) defines an environmental impact assessment (EIA) as "the process of identifying,
predicting, evaluating and mitigating the biophysical, social, and other relevant effects of development
proposals prior to major decisions being taken and commitments made." EIAs are unique in that they do
not require adherence to a predetermined environmental outcome, but rather they require decision makers
to account for environmental values in their decisions and to justify those decisions in light of detailed
environmental studies and public comments on the potential environmental impacts of the proposal.

*****@m&***
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LESSON 4 Environmental Impact Assessment & Inter Basin Water Transfer
4.1 Environmental Impact Assessment

All water resource projects, whether for irrigation or for hydro-electric power or for flood control or for
water supply have definite impact on the surrounding ecosystems and environment. If the projects are
properly planned and suitably designed, the adverse impacts can be minimized. Environmental
evaluation or assessment is generally done at the planning and design stages of the project. There is a need
to develop a complete checklist of the impacts and an environmental evaluation system to quantify the
impacts of irrigation projects.

4.1.1 Definition and Purpose

The purpose of the assessment is to ensure that decision makers consider the ensuing environmental
impacts when deciding whether or not to proceed with a project. The International Association for Impact
Assessment (IAIA) defines an EIA as "the process of identifying, predicting, evaluating and mitigating
the biophysical, social, and other relevant effects of development proposals prior to major decisions being
taken and commitments made". EIA has three main functions (FAO, 53):

e to predict problems,
e to find ways to avoid them, and

e to enhance positive effects

The aim of an EIA is to ensure that potential impacts are identified and addressed at an early stage in the
projects planning and design. The assessment finding are communicated to all the relevant groups who
will make decisions about the proposed projects, the project developers and their investors as well as
regulators , planners and the politicians. Having read the conclusions of an environmental impact
assessment, project planners and engineers can shape the project so that its benefits can be achieved and
sustained without causing adverse impacts.

Objective of EIA
Immediate Objectives of EIA:
¢ Improve the environmental design of the proposal.
o Ensure that resources are used appropriately and efficiently.
o Identify appropriate measures for mitigating the potential impacts of the proposal.

o Facilitate informed decision making, including setting of the environmental terms
and conditions for implementing the proposal.

Long Term Objectives of EIA:
e Protect human health and safety.

e Avoid irreversible changes and serious damages to the environment.
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e Safeguard valued resources, natural areas and ecosystem components.

¢ Enhance the social aspects of the proposal.

4.1.2 History of EIA

EIA was made legislation in the US in the National Environmental Policy Act (NEPA) 1969 as part of a
technical evaluation that would lead to an objective decision making. It has since evolved as it has been
used increasingly in many countries around the world. As per Jay et al. (2006), EIA as it is practiced today,
is being used as a decision aiding tool rather than decision making tool.

The Ministry of Environment and Forests (MoEF) of India has made a substantial effort in the
implementation of the EIA in India. The main laws in action are the Water Act (1974), the Indian Wildlife
(Protection) Act (1972), the Air (Prevention and Control of Pollution) Act (1981) and the Environment
(Protection) Act (1986). The responsible body for this is the Central Pollution Control Board. EIA studies
need a significant amount of primary and secondary environmental data. The primary data are those
which need to be collected in the field to define the status of the environment (like air quality data, water
quality data etc.). The secondary data are those data which have been collected over the years and can be
used to understand the existing environmental scenario of the study area.

4.1.3 Status of EIA in India

The importance and role for EIA was formally recognized at the earth summit held at Rio conference in
1992. Principle 17 of the Rio declaration states that -“EIA as a national instrument shall be undertaken for
the proposed activities that are likely to have significant adverse impact on the environment and are
subject to a decision of a competent national authority”.

In India many of the developmental projects till as recently as the 1980s were implemented with very little
or no environmental concerns. The environmental issues began receiving attention when a national
committee on environmental planning and coordination was set up under the 4th five year plan. Till 1980,
the subjects of environment and forests were the concern of the Department of Science and Technology
and Ministry of Agriculture respectively. Later, the issues were formally attended by the Department of
Environment which was established in 1980. This was then upgraded to the Ministry of Environment &
Forest in 1985. In 1980, clearance of large projects from the environmental angle became an administrative
requirement to the extent that the planning commission and the central investment board sought proof of
such clearance before according financial sanction.

Five years later, guidelines for Environmental Assessment of river valley projects were issued by the
Department of Environment and Forests, Government of India. These guidelines require various studies
such as impacts on forests and wild life in the submergence zone, water logging potential, upstream and
downstream aquatic ecosystems and fisheries, water related diseases, climatic changes and seismicity.

A major legislative measures for the purpose of environmental clearance was in 1994 when specific
notification was issued under section 3 and rule 5 of the environment protection Act, 1986 called the
“Environment Impact Assessment Notification 1994”.

The first step in seeking environmental clearance for a development project is to determine what statutory
legislations apply to the particular project. The MOEF has brought out several notifications restricting the
development of industries in specified ecologically sensitive areas. In addition there are also draft rules
framed for the siting of industries.

Environmental clearance for development projects can be obtained either at the state level or at the central
level depending on certain criteria concerning the characteristics of the project. However (regardless of
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where the final environmental clearance is obtained from), for most projects the consent must first be taken
from the state pollution control board or pollution control committees in the case of union territories.

4.1.4 Main Steps in the EIA Process
The way in which an EIA is carried out is not rigid: it is a process comprising a series of steps.

e Screening: First stage of EIA, which determines whether the proposed project,
requires an EIA and if it does, then the level of assessment required. The output from
the screening process is often a document called an Initial Environmental Examination
or Evaluation (IEE).

e Scoping: The process of determining the most critical issues is done in this stage.
Scoping is important for two reasons. First, so that problems can be pinpointed early
allowing mitigating design changes to be made before expensive detailed work is
carried out. Second, to ensure that detailed prediction work is only carried out for
important issues. The main EIA techniques used in scoping are baseline studies,
checklists, matrices and network diagrams.

e Prediction and Mitigation: Once the scoping exercise is complete and the major
impacts to be studied have been identified the prediction and mitigation work can
start. This stage forms the central part of an EIA. The aim is to introduce measures
which minimize any identified adverse impacts and also to enhance the positive
impacts. Some of the techniques wused for prediction are Mathematical
modelling and Expert advice where as Checklists, matrices, networks diagrams,
graphical comparisons and overlays are mitigation techniques.

e Management and Monitoring: The main output report called an Environmental
Impact Statement contains a detailed plan for managing and monitoring the
environmental impacts both during and after implementation of the project. The part
of the EIS covering monitoring and management is often referred to as
the Environmental Action Plan or Environmental Management Plan. The purpose of
monitoring is to compare predicted and actual impacts, especially if the impacts are
critical to the society or ecosystem or the scale of the impact cannot be accurately
predicted.

e Auditing: Finally, an audit of the EIA process is carried out some times after the
implementation. The audit serves a useful feedback and learning function. The audit
should include an analysis of the technical, procedural and decision-making aspects
of the EIA.

e Managing Uncertainty: An EIA involves prediction and thus uncertainty is an
integral part. There are two types of uncertainties that associated with the EIAs viz.
processes and predictions. For processes, the uncertainty lies in the proper assessment
of the importance of the different aspects and in accepting or discarding of the
recommendations. For predictions the uncertainty lies in the accuracy of the findings.
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Fig. 4.1. EIA Process.
The three core values of any EIA study that have been identified till date are:
1. Integrity: The EIA process should be fair, objective, unbiased and balanced.
2. Utility: The EIA process should provide balanced, credible information for decision- making.

3. Sustainability: The EIA process should result in environmental safeguards which are sufficient to
mitigate serious adverse effects and avoid irreversible loss of resource and ecosystem functions.

4.2 Inter Basin Water Transfer (IBWT)

Water transfer is one of the most important ways to eliminate water resources deficits and to solve water
management problems.

4.2.1 The Need

The spatial and temporal variability of rainfall distribution results in surplus and deficit available water
resources in many of the river basins in India at the same time. The river basins with surplus (largely
unutilized) water resources often cause floods and hence submergence of crops whereas the river basins
with lesser available water cause draughts. Making the required water (of proper quantity and quality)
available at the place of need at the proper time is the duty of the government. These calls for the
development and management of the water resources in an integrated and sustainable manner: equitably,
economically and efficiently. This management process is broadly termed as Integrated Water Resources
Development and Management which includes both within basin and inter-basin water transfer (Thatte,
2006).

https://t.me/agricultural_eng 93 wenne AgriMoon, Com



0 https://t. me/agricultural_Soilandwater

4.2.2 Definition and Objective

Inter-basin water transfer (IWBT) schemes are used to describe man-made conveyance schemes which
move water from one river basin where it is surplus, to another basin where water is scarce. The major
objective of the proposed inter-basin transfer of water is to meet requirements of highly water deficit areas,
where no other sources are available. IBWT projects are commonly proposed as solutions to water
distribution and supply problems.

4.2.3 Emergence of Concept

The earliest linking works of river basin in India are the Periyar-Vaigai Project of late 19t century.
Parambkulam-Aliyar Project, Kurnool-Cudappa canal and the recent Telugu Ganga Project are other
examples. The concept of inter-basin transfer of water within India has been started for over 40 years with
two independent inter-basin water transfer proposals. The first Dr. K. L. Rao’s proposal (1972) known as
the ‘Ganga-Cauvery Link” consisted of 2640 km link from Ganga near Patna to transfer the water to the
south during high flow. Another proposal which received considerable publicity was that of Captain
Dastur’s proposal (1977) known as the ‘Garland Canal Link” consisted of a 4200 Km long ‘Himalayan
Canal’ and a 9300 km long ‘Southern Garland Canal’. After study of these proposals, the Government of
India in 1980 prepared a National Perspective Plan for interlinking the rivers. The plan comprises two
components:

e The Himalayan Rivers Development: The Himalayan river component envisages
storages and interlinking canal systems to transfer surplus flows of the Kosi,
Gandak and Ghagra to the west; Brahmaputra-Ganga link to augment the dry
weather flows of the Ganga; Ganga-Yamuna link to serve the drought areas of
Haryana, Rajasthan, Gujarat and also south Uttar Pradesh and south Bihar. This
scheme will benefit not only parts of India but also neighbouring countries of Nepal
and Bangladesh (NWDA, 1998).

e The Peninsular Rivers Development: Among the Peninsular rivers, the Mahanadi
and Godavari are considered to have sizeable surpluses after meeting the existing
and projected needs of the states within these basins. It is therefore, proposed to
build terminal storages on Mahanadi and Godavari rivers to divert surplus flows of
Mahanadi to the Godavari system and to further transfer surplus from the Godavari
system to water short rivers namely, Krishna, Pennar and Cauvery. This component
is divided into four major parts:

¢ Interlinking of Mahanadi-Godavari-Krishna-Cauvery rivers and building storages
at potential sites in these basins.

¢ Interlinking of west flowing rivers, north of Mumbai and south of Tapi.
¢ Interlinking of Ken-Chambal rivers.

o Diversion of other west flowing rivers.

4.2.4 Classification of IBWT Projects (Proceedings of the International Workshop on Inter-basin Water
Transfer, 1999)

At present, a great number of various water transfer systems operate or are under construction (local,
intra-basin, inter-basin, inter-zonal, etc.). The amount of transferred volume (V) and distance (L) of the
transfer are the most important characteristics of such systems. These components determine both the cost
of the system and its impact on the environment. It is thus reasonable to classify the water transfer systems
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by using a combined index (V x L). The classification of water transfer projects by this indicator is shown
in Table 4.1.

Table 4.1. Classification of water transfer projects according to its scale

Category of transfer | Volume (V, km3/yr) | Distance (L, km) | Scale index (V x L, km3/yr.km)
Small <1 <100 <100

Medium 1-2.5 100-400 100-1000

Large 2.5-5 400-1000 1000-5000

Very large 5-10 1000-2500 5000-25000

Largest >10 >2,500 >25000

0 https://t. me/agricultural_Soilandwater

4.2.5 Some of the Existing Inter-basin Water Transfers Projects

Long distance inter basin transfer of water is not a new concept and has been in practice in India since
long. The details for some of the existing links for inter-basin transfer of water are given Table 4.2.

Table 4.2. Some of Existing IBWT Projects in India

Project Name Location Description

Transfer water from Periyar river in Kerala to the

S o et Vaigai basin in Tamil Nadu

Periyar Project

Transfer water from Chalakudy river basin to the
Bharatapuzha and Cauvery basins for irrigation in
Coimbatore district of Tamil Nadu and the Chittur
area of Kerala states

Parambikulam Aliyar Project | Southern India

Transfer water from Krishna River basin to

S o et the Pennar basin

Kurnool Cudappah Canal

It brings Krishna River water through 406 km of

Southern India
canals

Telugu Ganga Project

Linking the Ravi river, the Beas river and the Sutlej
river through a system of dams, hydropower plants,
tunnels, canals and irrigation systems

Indira Gandhi Canal Northern India
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4.2.5 Environmental Impacts of Inter-basin Water Transfer Projects

In India, the planners are familiar with the social and environmental concerns caused by small, medium
and large inter-basin projects. So, Environmental Assessment (EA) has become a necessary step in the
evaluation of any major irrigation project, including IBWT projects. It was noted that EAs are sometimes
simplified to safeguard water quality. Some of the impacts caused by IBWT projects are shown below:

e These projects lead to inadvertent introduction of flora and fauna alien to the
recipient basin from the donor basin. This introduced flora and fauna could
theoretically grow to a proportion where it becomes a menace to the ecology of
the recipient area and can disturb the ecological balances.

e The large storages and long links could involve a much larger resettlement
problem.

e The link canals may involve large scale interruption of natural drainage and also
a large barrier between neighbouring communities.

*****@*****
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Module 2: Measurement of Irrigation Water

LESSON 5 Methods of Water Measurements in Open Channels

5.1 Units of Water Measurement

Irrigation water is conveyed either through open channels or pipes and knowing the quantity of water
available is essential for irrigation water management. Sometimes one will want to know only the volume
of water used; while, at other times one will want to know the rate of flow. Conversion factors simplify
changing from one unit of measurement to another.

Water may be measured in two condition viz. (i) at rest and (ii) in motion. At rest means volume of water
is measured and different units used for volume measurement are litre, cubic metre, hectare-centimetre,
hectare-metre etc. Water is measured in motion means rate of flow is measured and different units used
for this are litre per second, cubic metre per second, etc.

1.
2.

Litre: The volume equal to one cubic decimetre or 1/1000 cubic metre.

Cubic metre: A volume equal to that of a cube 1 metre long, 1 metre wide and 1 metre
deep.

Hectare - centimetre: A volume necessary to cover an area of 1 hectare (10,000 sq.m) up
to a depth of 1 centimetre (1 hectare - centimetre = 100 cu. m = 100,000 litres)

Hectare -metre: A volume necessary to cover 1 hectare (10,000 sq.m) up to a depth of 1
metre (1 hectare -meter = 10,000 cu. m =10 M litres)

Litre per second: A continuous flow amounting to 1 litre passing through a point each
second.

Cubic metre per second: A flow of water equivalent to a stream 1 metre wide and 1
metre deep, flowing at a velocity of 1 metre per second.

5.1.1 Methods of Water Measurements

There are several methods used for the measurements of irrigation water on the farm. They can be grouped
into four categories as,

1.
2.
3.
4.

0 https://t. me/agricultural_Soilandwater
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Volumetric or volume methods of water measurement
Area - Velocity Method

Measuring Structures (Orifices, Weirs and Flumes)
Tracer methods.

5.2 Volume Methods of Water Measurement

This method is suitable for measuring small irrigation stream. In this case, water is collected in a
container of known volume and the time taken to fill the container is recorded. The rate of flow is
measured by the formula
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Volume of container (1)

Discharge rate (l:) =

Time required to fill (s)

60 SECONDS

e b U T

5.1.Volume Method.

5.2.1 Area-velocity Method

The rate of flow of water passing a point in open channel is determined by multiplying the cross
sectional area of the flow section at right angles to the direction of flow by the average velocity of water.
The cross sectional area is determined by measuring the depths at various locations. The depth can be
measured by different methods like sounding rods or sounding weights or echo-depth sounder for
accurate measurement.

For discharge calculation the entire cross section is divided into several subsections and the average
velocity at each of these sub-sections is determined by current meters or floats. The accuracy of discharge
measurement increases with the increase in the number of segments. Some guidelines for choosing the
number of sections are:

a) The discharge in the segment should not be more than 10% of total discharge.
b) The difference in velocities between two adjacent sections should not be more than 20%.

¢) The segment width should not 1/15t to 1/20th of total width.
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Fig.5.2.Stream section for area velocity method.
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Calculation of Discharge

The total discharge is calculated using the method of mid sections. It has been considered that the section
is divided into N-1 sections.

Q= X5 AQ,

Where,
AQ;= discharge in i section.

= (depth at ith section) x (Y2 width to the left + 2 width to the right) X (average velocity in the ith section)

| . . \
=V X ( —+ — 1) X v{for i=2to i=N-1)

For the fist and last sections, the area is calculated as:

‘ﬁ‘ql = _11'1-1@

......... 5.4)
where, Wy
........ (5.5)
'&Ql == .ﬁ;ql.lle
and
....... (5.6)
AQyy_s= AAy_,.Tro
Similarly 1 N-1roN-d
........... (5.7)
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Fig.5.3. Discharge measurement at a section.

The cross sectional area is determined as discussed above and velocity is generally measured with a
current metre. Approximate values of velocity may also be obtained by the float method. The detailed
description of current meter method is given in section 5.2.2.

5.2.1.1 Float Method

It is inexpensive and simple. This method measures surface velocity. Mean velocity is obtained using a
correction factor. The basic idea is to measure the time that it takes for the object to float a specified
distance downstream.

Vsurface= travel distance/ travel time=L/t .. 5.8)
Because surface velocities are typically higher than mean or average velocitie
V mean = K .Vsurface
.................. (59)

Where,

k is a coefficient that generally ranges from 0.8 for rough beds to 0.9 for smooth beds (0.85 is a commonly
used value).

Step 1- Choose a suitable straight reach with minimum turbulence (ideally at least 3 channel widths
long).

Step 2 - Mark the start and end point of your reach.
Step 3 - If possible, travel time should exceed 20 seconds.
Step 4 - Drop your object into the stream upstream of your upstream marker.

Step 5 - Start the watch when the object crosses the upstream marker and stop the watch when it crosses
the downstream marker.

Step 6 -You should repeat the measurement at least 3 times and use the average velocity in further
calculations.
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Fig.5.4. Float Method
5.2.2 Current Meters

In the area velocity method current meters are generally used to measure the velocity of flow at the
different sections. The current meter consists of a small revolving wheel or vane that is turned by the
movement of water. It may be suspended by a cable for measurements in deep streams or attached to a
rod in shallow streams. The propeller is rotated by the flowing water and speed of propeller is
proportional to the average velocity of flow. Corresponding to the number of revolutions, the velocity
can obtained from calibration graphs or tables.

Fig. 5.5.Current meter.

Procedure for velocity measurement using the current meter: Stretch a tape across the channel cross-
section. Divide the distance across the channel to at least 25 divisions. Use closer intervals for the deeper
parts of the channel.

1. Stretch a tape across the channel cross-section. Divide the distance across the channel to at
least 25 divisions. Use closer intervals for the deeper parts of the channel.

2. Start at the water’s edge and call out the distance first, then the depth and then the
velocity. Stand downstream from the current meter in a position such that the velocity is
least affected by the meter. Hold the rod in a vertical position with the meter directly into
the water.

3. To take a reading, the meter must be completely under water, facing the current, and free
of interference. The meter may be adjusted slightly up or downstream to avoid boulders,
snags and other obstructions. The note taker will call out the calculated interval, which
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the meter operator may decide to change (e.g., taking readings at closer intervals in deep,
high-velocity parts of the channel). Record the actual distance called out by the meter
operator as the center line for the subsection.

e Take one or two velocity measurements at each subsection.
o If depth (d) is less than 60 cm, measure velocity once for each subsection at 0.6
times the total depth (d) measured from the water surface.
o If depth (d) is greater than 60 cm, measure velocity twice, at 0.2 and 0.8 times the
total depth. The average of these two readings is the velocity for the subsection.
4. Allow a minimum of 40 seconds for each reading. The operator calls out the distance, then
the depth, and then the velocity. The note taker repeats it back as it is recorded, as a check.
5. Calculate discharge in the field. If any section has more than 5% of the total flow,
subdivide that section and make more measurements.
Current meters are designed in a manner such that the rotation speed of the blades varies linearly with
the stream velocity. This can be expressed by the following equation:

v=aN:+b (5.10)
Where,
v = stream velocity at measuring site in m/s
N;s = revolutions per second of the meter
a, b = constants of the meter.

To determine the constants, which are different for each instrument, the current meter has to
becalibrated before use. This is done by towing the instrument in a tank at a known velocity and
recording the number of revolutions Ns. This procedure is repeated for a range of velocities.

It has to be kept in mind that for shallow streams the measurement can be taken at a depth= 0.6 of the
total depth, whereas for deeper streams two measurements are needed at 0.2 and 0.8 of total depth and
then averaged to get the actual velocity.

Example 5.1:

Data pertaining to a stream-gauging operation at a gauging site are given below. The rating equation of
the current meter is v = 0.63N;s + 0.08m/s. where N = revolutions per second. Calculate the discharge in
the stream.

Distance from the left water edge (m) | 0 50 |80 11.0 14.0 170 |20.0 | 24.0

Depth (m) 0 1.8 |34 4.6 3.7 2.6 1.5 0
Revolutions of a current meter kept

at 0.6 depth 0 42 55 93 87 48 28 0
Duration of observation (s) 0 120 | 120 | 125 135 110 | 100 |0
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Solution:

For the last and first section using equation

Average width,

For the rest of the segments,

.[E; _ ( W; + Wity )

Z Fa

= -
< <

=(E+ E) =3.0m

Since the velocity is measured at 0.6 depth the measured velocity is the average velocity at that vertical

The calculation of discharge is shown below:

Distance from | Average Depthy (m) | Ns=rev./sec | Velocity (m/s) | Segmental

the left water | width (m) discharge (m3/s)

edge (m)

0 0 0 0.0000

5 4225 1.8 0.350 0.3005 2.2853

8 3 3.4 0.458 0.3688 3.7613

11 3 4.6 0.744 0.5487 7.5723

14 3 3.7 0.644 0.4860 5.3946

17 3 2.6 0.436 0.3549 2.7683

20 4225 1.5 0.280 0.2564 1.6249

24 0 0 0.0000
Sum = 23.4067

=~ Discharge in the stream = 23.40 m3/s Ans.
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5.2.3 Other Method
5.2.3.1 Tracer Method

In the tracer-dilution methods, a tracer solution is injected into the stream at one point and the tracer is
measured at a point downstream to the first point. Knowing the rate and concentration of tracer in the
injected solution and the concentration in the downstream section, the stream discharge can be
computed. Either constant rate injection method or sudden injection method may be used for
determining the discharge of a stream by tracer dilution.

Constant rate injection method: In this method the tracer solution is injected at a constant rate into the
stream till a constant concentration of the tracer in the stream flow at the downstream sampling cross
section is achieved. Fig. 5.6 shows constant rate injection system.

- ]
Tracer eolution rocorvoir

Trooor concontration= C,

— - S

Tracer concentration=_;

Fig.5.6.Constant rate injection system.

If the tracer is injected for a sufficiently long period, sampling of the stream at the downstream sampling
cross section will produce a concentration-time curve similar to that shown in Fig. 5.7.

c

L Plateau

- G

s

c

R

c

8

'i

8

= Tail
Time

Fig. 5.7. Concentration-time curve at downstream sampling site for constant-rate injection.

The stream discharge is computed from the equation for the conservation of mass, which follows:

QC, + qC,=(Q+q)C,
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Ci—n”_'z]
Co—Cpl’

o1

Where,
q is the rate of flow of the injected tracer solution,
Q is the discharge of the stream,

Gy is the background concentration of the stream,

C; is the concentration of the tracer solution injected into the stream, an

C, is the measured concentration of the plateau of the concentration-time curve (Fig. 5.7).

Example 5.2:

A 12g/L solution of a tracer was discharged into a stream at a constant rate of 15 cm3s-1. The background

concentration of the dye in the stream water was found to be 2 parts per billion. At a downstream
location sufficiently far away, the dye was found to reach an equilibrium concentration 7 parts per

billion. Estimate the stream discharge.
Solution:

From equation 5.12 we know the stream discharge,

C3—Cs

0=[2=2].q

Given: q=15cm3 /s =15 x 10 m3s-1

C1=0.012, G =7x109, C, =2 x 107

Putting the above values in the equation,

¥ 15x10°°

0.012—5x107°
|5x10-9—2x10-°

=60 m?3 /s

=~ Discharge through the stream = 60 m3 /s Ans.
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LESSON 6. Weirs
6.1 Introduction

Effective use of water for irrigation requires that flow rates and volumes be measured and expressed
quantitatively. Measurement of flow rates in open channels is difficult because of non-uniform channel
dimensions and variations in velocities across the channel. A weir is a calibrated instrument used to
measure the flow in an open channel, or the discharge of a well or a canal outlet at the source.

6.1.1 Terms Used

1. Weir Pond: Portion of the channel immediately upstream from the weir.

2. Weir Crest: The edge over which the water flows is the weir crest.

3. Broad-crested weir: A weir having a horizontal or nearly horizontal crest sufficiently
long in the direction of flow.When the crest is "broad", the streamlines become
parallel to the crest invert and the pressure distribution above the crest is
hydrostatic.

4. Sharp Crested Weir: A weir having thin- edged crest such that the over flowing
sheet of water has the minimum surface contact with the crest. A sharp-crested weir
allows the water to fall cleanly away from the weir, e.g., V notch, Cipolleti weir etc.
Fig. 6.1 shows sharp crested weir.

5. Head: The depth water flowing over the weir crest measured at some point in the
weir pond.

6. End Contraction: The horizontal distance from the ends of the weir crest to the sides
of the weir pond.

7. Weir Scale or Gauge: The scale fastened on the sides of the weir or on a stake in the
weir pond to measure the head on the weir crest.

8. Nappe: The sheet of water which overflows a weir is called a nappe.

6.1.2 Advantages of Weirs

a) Capable of accurately measuring a wide range of flows
b) Can be both portable and adjustable

c) Easy to construct

d) Tends to provide more accurate discharge rating than flumes and orifices
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POINT TD MEASURE
DEPTH (H)

ELEVATION OF 4H

SHARP-CRESTEC WEIR
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WY
POST SET AT DEPTH
OF WEWR CREST

Fig. 6.1. Profile of a Sharp-crested weir.
6.1.3 Disadvantages of Weir
a) Relatively large head required, particularly in free flow condition.

b) The upstream pool must be maintained clean of sediment and kept free of weeds and trash. Otherwise,
measurement accuracy will be compromised.

6.2 Classification of Weirs

Weirs are classified based on the shape of their opening or notch. The edge of the opening can be either
sharp or broad-crested.

6.2.1 Sharp-Crested Weir

These are generally used for water measurement on the farm. They are generally of three types depending
upon the shape of notch. These are

e Rectangular Weir
o Cipoletti Weir or Trapezoidal Weir
»V Notch Weirs or Triangular Weir

Fig. 6.2 shows different types of sharp created weirs.

— M

(a) (k)

(c)

Fig. 6.2. Sharp created weirs (a) rectangular, (b) Cipoletti or trapezoidal and (c) V-notch or triangular.
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Irrigation Engincering
6.2.2 Broad-crested Weirs

A weir that has a horizontal or nearly horizontal crest sufficiently long in the direction of the flow so that
the nappe will be supported and hydrostatic pressures will be fully developed for at least a short distance.
Broad crested weir is shown in Fig. 6.3.

l.’/ ‘o‘\..o,
"""" " ' ul’

: X)) .-,-..': 75 ‘;.','l' 0 U0 I"',.‘\ S
¥ OSSN0 0 I KA X

Fig. 6.3. Broad crested weir.
Weirs may also be classified as suppressed and contracted.

6.2.3 Suppressed Weir

A rectangular weir whose notch or opening sides are coincident with the sides of the approach channel,
also rectangular, which extend unchanged downstream from the weir. It is the lateral flow contraction that
is “suppressed”. Fig. 6.4 shows suppressed and contracted rectangular weir.

lﬁ—B

—1—

contracted rectangular suppressed rectangular
weir (L <B weir (L =B)

Fig. 6.4. Suppressed and contracted rectangular weir.

6.2.4 Contracted Weir

The sides and crest of a weir are far away from the sides and bottom of the approach channel. The nappe
will fully contract laterally at the ends and vertically at the crest of the weir. Also called an “unsuppressed”
weir.
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6.3 Rectangular Weirs

Rectangular weir takes its name from the shape of its notch. The discharge through a weir or notch is
directly related to the water depth (H), (Fig. 6.5) and H is known as the head. This head is affected by the
condition of the crest, the contraction, the velocity of approaching stream and the elevation of the water
surface downstream from the weir. Rectangular weirs can be suppressed, partially contracted, or fully
contracted.

6.3.1 Derivation of Equation

Fig. 6.5. Definition sketch for rectangular weir.
Consider Fig. 6.5
Cross sectionalarea=a=Ldy ... 6.1)

Velocity,

Total discharge

Q=["Ldy. /2gy

= Discharge coefficient of weir.
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Q=CLH:
So,
If Q=1t/s, L and H in cm then,
Q=00184LH:
For one side contraction,

Q =0.0184 (L—0.1H)Hz=

For both side contraction,

Q= 0.0184(L—0.2H)H=

Example 6.1:

Water flows through a contracted rectangular weir 120 cm long to a depth of 30 cm, it then flows along a
rectangular channel 150 cm wide and over a second weir which has length equal to the width of the

channel. Determine the depth of water over the second weir.
Solution:
The first weir is contracted, i.e. both end contracted.
Given,
Length of the weir (L) =120 cm

Depth of water over the weir (H) = 30 cm

So, Discharge of flow = 0.0184(L— ﬂ'ZH}HE

_ =0.0184x (120 - 0.2 + 30) = 302

=344.67 L/sec
In second weir, length of the weir (L) =150 cm
Discharge through first weir and second weir is same.

Let assume, depth of water over second weir is = H cm

Q = 0.0184LH:

Now,
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Irrigation Engineering
344.67=0.0184*150*Hz=
H=24.97 cmAns.
So, the depth of water over the second weiris 24.97 cm.

6.4 Cipoletti Weirs

The Cipolletti weir (Fig. 6.6) is trapezoidal in shape. The slope of the sides, inclined outwardly from the
crest, should be one horizontal to four vertical. The selected length of notch (L) should be at least 3H and
preferably 4H or longer. Cipoletti weirs are considered fully contracted.

- [ ——

1

1] |

Fig. 6.6 Cipoletti weirs.

Discharge through Cipoletti weir is calculated as:

Q= 0.0186LHz

Example 6.2:

A Cipoletti weir has a breadth of 60 cm at its crest. The head of water flowing over the crest is 30 cm.
Determine its discharge.

Solution:
Given,
Crest width (L) = 60 cm

Head of flow over the crest (H) = 30 cm

vl |

So, discharge through the weir (Q) = =0.0186LH

Q = 0.0186%60%30z

=183.37 L/sec
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Discharge of Cipoletti weir is 183.37 L/sec Ans.

6.5 V- notch Weir

In this case, the notch is “V” in shape. Depth of water above the bottom of the V is called head (H). The V-
notch design causes small changes in discharge hence causing a large change in depth and thus allowing
more accurate measurement than with a rectangular weir. Head (H) should be measured at a distance of
at least 4H upstream of the weir.

-— h

N— .

i)

Fig.6.7. Triangular notch weir.
Derivation of Equation:

Consider the Fig. 6.7,

Crosssectional area, dA = xdy (6.10)
Velocity of flow, V=V 29y (6.11)
dQ = xdy. V29V 6.12)
. B s =)
*_HY  p=2Htan-
By Similar triangles 2 H and =

On Substituting and integrating both sides of Eq. 6.12,

Q=L

= 2./2gtan (E (H./y —v./v)dy
=2y2gtan(3) | (HJy=yJy)d)

2(H—v).,/2gv.t (—)d-‘
( y)4/2gy.tan 5 i
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— gy 2 = 2 5
= 2,/2g tan (5) [EH' vz —g_r:]g
=2,/2g tan (g) [gHg - EHE]
=2,/2gtan G) HE @ — f)

(6.14)
Where,

g

€= J2gtan G)

m

(6.15)

If ® =900 then

For ®=90°, Hincm and Qin L/s

3
=0,0138H=
Q (6.16)

Example 6.3:
Determine discharge of 90° V-notch having 30 cm head of flow.

Solution:

5
Discharge through V-notch Q=0.0138K=

Bl
= (.0138*30=

=68.02 L/sec

So, Discharge through 90° V-notch having 30 cm head of flow is 68.02litres/sec.
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6.6 Operation & Limitations

Properly constructed and installed weirs provide most accurate flow measurement. However improper
setting and operation may result in large errors in the discharge measurements. To ensure reliable results
in measurement, the following precautions are necessary in the use of weirs.

1.

Ol BN

NS

1

The weirs should be set at lower end of a long pool sufficiently wide and deep
having smooth flow at velocities less than 15cm/sec.

Baffles may be put in weir pond to reduce velocity.

The weir wall must be vertical.

The center line of the weir should be parallel to the direction of flow.

The crest of weir should be level so that water passing over it will be of the
samedepth at all points along the crest.

Notch should be of regular shape and its edge must be rigid and straight.

The weir crest should be above the bottom of the approach channel.

The crest of weir should be placed high enough so that water will fall freely below
weir.

The depth of water flow over the rectangular weir should not less than about 5 cm
and not more than about 2/3 crest width.

0. The scale or gauge used for measuring the head should be located at a distance of
about four times the approximate head. Zero of scale should be exactly at the same
level as the crest level of the weir.

Limitations of Weirs:

1.

N

https://t.me/agricultural_eng

Weirs are not always suitable for measuring flow. Sufficient head is required for
operating any type of weir.

They are not accurate unless proper conditions are maintained.

They require a considerable loss of head which is mostly not available in channels on
flat gradients.

Weirs are not suitable for water carrying silt.

Weirs are not easily combined with turnout structures.

*****@*****
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LESSON 7 Flumes
7.1 Parshall Flume

Parshall flumes are devices for the measurement of flow of water in open channels when depth of flow is
less i.e., head drop is very small, the volume of flow is less and channel bed slope is less. The flume consists
a converging section with a level floor and walls converges towards the throat section, a throat section
with a downward sloping floor and parallel walls, and a diverging section with an upward sloping floor
and diverging walls towards the outlet. The size of flume is determined by the width of its throat. The size
ranges from 7.5 cm to several metres in throat width.

cre leval
SECTION N-N
A K Stilling well

-~ fa
2

Fig. 7.1. Parshall flume.

Parshall flumes are available in various sizes. Care must be taken whileconstructing the flumes exactly in
accordance with structural dimensions.

On the basis of the throat width, Parshall flumes have been classified into three main groups.
a) Very small - 25.4 mm to 76.2 mm.

b) Small 152.40 mm to 2438.4 mm.

c¢) Large 3048 mm to 15240 mm.

Standard dimensions of Parshall flumes with discharge values are presented in Table 7.1 and 7.2,
respectively. Discharge through the flume can occur under either free or submerged flow condition. Flow
is submerged when the down-stream water elevation retards the rate of discharge. To determine discharge
through the flume under free flow condition, head is measured at upstream section (Ha).However,
downstream head (Hb) is also measured for submerged flow condition. Free flow condition prevails if the
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submergence ratio (Hb/Ha) remains within 0.5, 0.6 and 0.7 for width of throat varying from 2.5 to 7.5 cm,
1.5 to 22.5 cm and 3.0 to 24.0 cm, respectively.

Table 7.1.Dimensions and capacities of Parshall flume of various sizes (Letter, refer Fig. 7.2)

Throat | A B Cc |D E |F G K |N (X |Y | Free-flow capacity

width

cm cm |ecm |ecm|ecm |cm|cm |cm | cm | cm | cm | cm | Minimum, Maximum,
Lst Ls-1

7.5 31 46 |18 | 26 46 |15 305 (25|57 |25 (38]0.8 28.4

15 414 |61 |39 |39.7 |61 |305]|61 76 112 |51 (76|14 110.8

23 588 |8 |38 [575 |76 |305 (455|176 |12 (51|76 |25 253

30 915|134 | 61 [ 845]|92 |61 915|176 |23 [51]|7.6]313 456.6

Table 7.2.Free flow discharge values for Parshall Flume

Discharge, L s

Head Throat width

cm 7.5 cm 15 cm 23 cm 30 cm
3 0.8 1.4 2.6 3.1
4 1.2 23 4 4.5
5 1.7 3.3 5.5 7

6 23 44 7.2 9.6
7 2.7 54 8.5 114
8 34 7.2 11.1 14.4
9 43 8.5 13.5 17.7
10 5 10.2 15.9 21.1
11 5.8 11.6 18.1 23.8
12 6.7 13.5 21.1 27.5
13 7.5 15 23.3 31
14 8.5 17.3 26.7 35

https://t.me/agricultural_eng 16 sinin AgriMoon, Com



0 https://t. me/agricultural_Soilandwater

15 94 19.2 29.5 38.7
16 10.4 21.2 32.5 42.7
17 114 232 35.6 46.6
18 12.4 253 39 51.2
19 13.6 27.8 425 55
20 14.3 30 45.8 59.7
21 15.8 32.7 49.3 64.7
22 17.1 35.2 53.3 69.8
23 18.2 37.7 56.8 74
24 194 40.1 60.5 79
25 20.7 42.7 64.5 84.1
26 22 45.7 69.3 89
27 23.3 48.1 724 94.3
28 24.8 51.5 76.7 100
29 26 54 80.7 105.1
30 27.5 57.3 85.2 111

The discharge is measured by the following formula:

Q = CH™

Where, Q is the discharge; C, n are the flume coefficients which vary with the size of the flume and H is
the measuring head.

Table 7.3 gives a set of standard values for the C,n for different dimensions (these co-efficient are in fps
units so the calculated discharge would be in ft?/s and head has to be in ft,)
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Table 7.3. Value of C and n for different throat widths

Throat width | Coefficient (C) | Exponent (n)
1in 0.338 1.55
2in 0.676 1.55
3in 0.992 1.55
6 in 2.06 1.58
9in 3.07 1.53
1ft 3.95 1.55
2 ft 8.00 1.55
3 ft 12.00 1.57
4 ft 16.00 1.58
5 ft 20.00 1.59
6 ft 24.00 1.59
7 ft 28.00 1.60
8 ft 32.00 1.61
10 ft 39.38 1.60
12 ft 46.75 1.60
15 ft 57.81 1.60
20 ft 76.25 1.60
25 ft 94.69 1.60
30 ft 113.13 1.60
40 ft 150.00 1.60
50 ft 186.88 1.60

In the above Fig., Ha is upstream head and Hy is downstream head.

Advantages

a) This instrument is effective when the total head drop is small.
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b)  Its operation is independent of approaching velocity.
C) Being a self-cleaning device, it is not affected by sand or silt deposition.
7.2 Cut-throat Flume

The geometry of the throat-less flumes with broken plane transition was first developed in Punjab by
Harvey in 1912. In the cut throat flume however, the flume discharge and the modular limit are related to
the piezometric heads at two points in the converging section (h.) and in the downstream expansion (hv).
One of the advantages of a cut- throat measuring flumes is that there are only two walls on each side,
resulting in an economic installation. The cross-section can be rectangular, trapezoidal or triangular,
depending only on the availability of appropriate calibration. A U- shaped section can also be used for
critical depth flumes.

N ~— et R -
N L} — v
[ 7 b ta, T A i X
W+061lm W W+061lm - o { - T o N '
>4l s 5V
! ~1 b | s 2 4 View
Y i | il S— A 4 ' W A T a1 (n mat
DONVERS T
—> | sonos zon ;!
Section on Centre Line Y. : x
RECTANGULAR CUT THROAT FLUME >

Fig. 7.2. Cut-throat flume. (Source: NPTEL, IIT Madras)
Design specifications of a cut-throat flume
L = Total length of the flume,
Li= Converging section =L/3
L,=Diverging section= 2L/3,
L.=Distance to piezometer tap a = 2L/9
Ly=Distance to piezometer tap b=5L/9
B=width of the converging and diverging section=W + L/4.5

The cut-throat flume can operate either as a free flow or a submerged flow structure. Under free flow
conditions, critical depth occurs in the vicinity of minimum width, w, which is called the flume throat or
the flume neck. The attainment of critical depth makes it possible to determine the flow rate, knowing only
an upstream depth, h.. The relationship between flow rate Q and upstream depth of flow h, in a cut-throat
flume under free flow conditions is given by the following experimental relationship:

Q=C hal (7.2)

In which,
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/rrigation Engineering
Q = flow rate

C1= free flow coefficient, which is the value of Q when h, is 1.0 foot.

n = exponent, whose value depends only on the flume length L.

*****@*****
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LESSON 8. Orifices
8.1 Free Flow Orifice

Orifices may be used to measure rates of flow when the size and shape of the orifice and head acting upon
them are known. Orifices used in measurement of irrigation water are commonly circular or rectangular
in shape and are generally placed in vertical surfaces, perpendicular to the direction of channel flow. The
section where contraction of the jet is maximal is known as the vena contracta. The vena contracta of a
circular orifice is about half the diameter of the orifice itself.

Fig.8.1. Free discharging through orifice.
Derivation of Equation

Velocity of flow through orifice

Where, h=head
Discharge through orifice. Q=AV

md? —_—
Q="—.Ca./2gh

Where, Cq= discharge coefficient
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Co-efficient of Velocity (C,): It is defined as the ratio of the actual velocity of a jet of liquid at vena-contracta
and the theoretical velocity of the jet. It is mathematically expressed as:

Actual velocity of the jetat vena—contracta

Theoretical velocity

Where, V= actual velocity and h = head.

Co-efficient of Contraction (C.): It is defined as the ratio of the area of the jet at vena-contaracta to the
orifice. It is mathematically expressed as:

area of jetatvena—contracta

Co =

area of the orifice

Co-efficient of Discharge (Cq): It is defined as the ratio of the actual discharge from an orifice to the
theoretical discharge from the orifice. It is mathematically expressed as:

2 actual velocity X actual area
Cd N Qi  theoretical velocity X theoretical area
....... (8.6)
Cd=Cv*C L 8.7)
8.2 Submerged Orifice

8.2.1 Fully Submerged Orifice

Fig.8.2. Fully submerged orifice.

In fully sub-merged orifice, the outlet side is fully sub-merged under the liquid and it discharges a jet of
liquid into the liquid of the same kind. It is also called totally drowned orifice. Discharge through fully
sub-merged orifice is calculated as
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Q =Cq X b(Hy—Hy) X\ 2gh

Where,

Hi= height of water above the top of the orifice on the upstream side
H»= height of water above the bottom of the orifice

H= difference in water level

b= width of orifice

8.3.2 Partially Submerged Orifice

Fig. 8.3. Partially submerged orifice.

In this case, its outlet side is partially sub-merged under liquid. The discharge through partially sub-
merged orifice is calculated as:

2

2
Q =Cq X b(Hy— Hy) X\ 2gh+ ;Cd X b x/2g[H; — H}]
The first term in RHS in Eq. (8.9) represents flow through drowned (submerged portion of orifice same as
Eq. (8.8)), whereas the second term represents discharge through free portion.
Example 8.1:

The head of water over an orifice of diameter 100 mm is 10 m. The water coming out from orifice is
collected in a circular tank of diameter 1.5 m. The rise of water level in the tank is 1.0 m in 25 seconds. Also
the co-ordinates of a point on the jet, measured from vena-contracta are 4.3 m horizontal and 0.5 m vertical.
Find the coefficients, C4, Cy and C..

Solution:

Given,

Head H=10 m.

Diameter of orifice d= 100 mm = 0.1 m

So, area of orifice a= 11/4 X (0.1) 2 = 0.007853 m?

Diameter of measuring tank, D=1.5m
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So, area =m/4 X (1.5)2 =1.767 m?2
Rise of water, h=1m

Time t = 25 sec

Horizontal distance x= 4.3 m

Vertical distance y= 0.5 m

Now, theoretical velocity,

\Y

Theoretical discharge,

= ,H,-"'ZQH =y2 X 9.81 X 10

=14m/s.

Qun = Vi X area of the orifice

=14 X 0.077854 = 0.1099m3/ s

Actual discharge,
AXH 1.767 X 1.0
QA=
s |
=0.07068 m3/s
So,
Qth 007068
== = 0.643
Ci= @ 0.1099
We know,
x 4.3
— = ——7""""=10.96
Co= '.,'4}"1’1 VA X 05X 10
And
Cqa _ 0643
c= 9% 0669
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Example 8.2:

Find the discharge through a fully sub-merged orifice of width 2 m if the difference of the water levels on
the both sides of the orifice is 50 m. The height of water from top and bottom of the orifice are 2.5 m and
2.75 m respectively. Take C4= 0.6.

Solution:

Given,

Width of the orificeb=2m

Difference in water level H=50 cm = 0.5 m
Height of water from top of orifice H1=2.5m

Height of water from bottom of orifice H1=2.75 m

Now, discharge through fully submerged orifice is

Q =Cd x b(H, — Hy) x,[2gH

=0.6 x 2.0 x(2.75—-25) x+2 X 9.81 x 0.5

=0.9396 m3/s Ans.

*****@*****
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LESSON 9 Water Flow Measurement in Pipes

In the previous lesson, we have studied methods for water flow measurements in open channel.
However, irrigation water also conveyed through pipes and therefore we will now study methods of
flow measurements in pipes.

9.1 Difference between Pipe Flow and Open Channel Flow

Open Channel Flow Pipe Flow

e Defines as a passage in which liquid flows e A pipeis a closed conduit which is used
with its upper surface exposed to for carrying fluids under pressure. The
atmosphere. The flow is due to gravity. flow in a pipe is termed as pipe flow only
Flow conditions are greatly influenced by when the fluid completely fills the cross
slope of the channel. section & there is no free surface of fluid.

e Hydraulic grade line coincides with the e Hydraulic grade line does not coincide
water surface with the water surface.

e The maximum velocity occurs at a little e The maximum velocity occurring at the
distance below the water surface. pipe centre.

e The shape of the velocity profile is e Velocity distribution is symmetrical about
dependent on the channel roughness. the pipe axis.

e For laminar flow, Reynolds number and e For laminar flow, Reynolds number and
for turbulent flow, . for turbulent flow,

e Flow cross section is unknown because e Flow cross section is known and fixed.
flow depth is unknown. e Velocity is deduced from continuity

e Flow depth is deduced simultaneously equation.
from solving both continuity and
momentum equation.

Energylin_e{_rufi__ s T ht Energy line ————
Hydraulic —p—u__ V229 Water e VZ/2¢
gradient . surface T
y y
Centre line . Il Channelbed ~—___
2 |z 2 |z

Fig. 9.1. Pipe flow (left) and open channel flow (right).

From the above Fig. 9.1 we can see that the in the pipe flow there is a pressure equal to a head y whereas
in the open channel the surface is at atmospheric pressure. denotes the head loss from section 1 to section
2.In case of open channel the conditions are much more varied than pipe flow in terms of surface geometry,
surface roughness, depth and velocity of flow anuniformity of flow.
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9.2 Venturimeter

9.2.1 Definition: Aventurimeter is a device used to measure the rate of flow of a fluid through a pipe and
is often fixed permanently at different sections of the pipeline to know the discharge there.

9.2.2 Description: Venturimeter consists of three parts:
1. A short converging part
2. A throat
3. A diverging part

Due to the constriction there is an increase in the flow velocity and hence an increase in the kinetic energy.
In the venturimeter (Fig.9.2) the fluid is accelerated through a converging cone of angle 15-20° and the
pressure difference between the upstream side of the cone and the throat is measured and provides the
signal for the rate of flow.

Upstream pressure tap e Downstream pressure tap
h SN
Ventiri Throat
Upstream 1 p Downstream
Flow Flow

Fig.9.2.Venturimeter and its operations.

The fluid slows down in a cone with smaller angle (5-7°) where most of the kinetic energy is converted
back to pressure energy. Because of the cone and the gradual reduction in the area there is no "vena
contracta". The flow area is at minimum at the throat.

9.2.3 Principle of Operation

It works on the Bernoulli’s principle. From Bernoulli’s principle the increase in kinetic energy gives rise to
a reduction in pressure. Rate of discharge from the constriction can be calculated knowing the pressure
reduction across the constriction, area of cross-section, density of fluid and the coefficient of discharge,
Coefficient of discharge is the ratio of actual flow to the calculated flow and it takes into account the stream
contraction and frictional effects.

For measuring discharge we should apply Bernoulli’s equation at point 1 and at point 2 (Fig.9.2). The
following treatment is limited to incompressible fluids. Friction is neglected, the meter is assumed to be
horizontal and there is no pump. If and are the average velocities at point 1 and point 2 respectively and
p is the density of fluid, then Bernoulli’s equation can be written as

P vy s
—+ =+ 3z, = —+ =+ z,
°g =g kg <g

....... ©.1)
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Where,

P, = P, pressure at section 1 and 2

Since Z1 =Zz,
i vi By P,
2g 2g eg g
...... 9.2)

Now applying the equation of continuity at both points, we have

Arvi=Arvi (9.3)
— di vy
Ty = pE
L — (9.4)

Where di, d» and are the diameters at point 1(pipe) and at point 2(throat) respectively.

Now putting the value of in equation (2) and if
=t
18 — d:-'
we have

l2(P,—P,)
_ |=\"1 27
Q= "12 "\ pl1-8%)

N FL 2 9.5)

To account for the friction losses a coefficient of discharge, is introduced in the above equation and the
final equation becomes:

l2(P,—P5)
=(C,.A4,. |/——=
Qact ar 2 "ql p(1-F%)

depends upon the type of flow, type of fluid and dimensions of venture tube and pipe.

Given below are the formulae to calculate the value of head difference in terms of the liquid flowing
through the venturi from the head difference observed in the manometric liquid:

1. When the manometric liquid is heavier than the liquid flowing through the pipe:

h=x[2-1]
e T (9.7)

2. When the manometric liquid is lighter than the liquid flowing in the pipe:
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Where,

h = head difference in terms of the liquid flowing in the pipe

x = head difference in the manometer

Sh = specific gravity of the liquid flowing in the pipe

So = specific gravity of the manometric liquid

Merit:

- Widely used particularly for large volume liquid and gas flows.
Demerits:

- Highly expensive

- Occupies considerable space

- Cannot be altered for measuring pressure beyond a maximum velocity.

Example 9.1:

A horizontal venturimeter with inlet and throat diameters 36 cm and 18 cm respectively is used to measure
the flow of water. The reading of the differential manometer connected to the inlet and the throat is 15 cm
of mercury. Determine the rate of flow. Take C4 = 0.98.

Solution:
Given
Diameter at inlet, d1 = 36 cm

Diameter at throat, d2 =18 cm

= 254.47 em-

Sl = d

-
s

RN ]

d= | Al

%]

B=-—==05

F-“L.|F-?L

[

From equation (6) we know:

2(P,— Py)
act = C .aqz N l—L
Gact = Carde [HT= %)
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2(P,—P;)

= 2gh
We know that, P

Calculating h from equation (7)

13.6
1

h,=15[ —1]=

189.0 cm of water

22X gxh=2X981X189 = 370818 cm

Putting the values in equation (6):

C. A 2(Py — Po) 0.98 X 254.47 X | 370618
Gact = Cardle- [pri—py — VP REMYE A0S

= 156840.21 em?/s =0.157 m’/s

9.3 Pitot Tube

9.3.1 Definition

It a device to measure the fluid flow velocity at any point in a pipe or channel.
9.3.2 Description

In its simplest form the pitot tube consists of a glass tube bent at right angles.

T ™

Fig.9.3.Pitot tube.(Source: Bansal, 2005,)
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9.3.3 Principle of Operation

The velocity calculation is done by measuring the stagnation pressure and then applying the Bernoulli’s
theorem, the basic working principle being the conversion of kinetic energy to pressure energy at the
point where velocity becomes zero.

Applying Bernoulli’s theorem at points 1 and 2 shown in Fig.9.3.

F vl Py e
=+ 24z, =—=4+"4+7z
/g =8 P =8

The symbols have same meaning as in case of venturimeter.

ASZ1=Zz ande=O

Also. 5 Hand == (H+h)
£g eg

H+ v =(h+H
~ Uy = J2gh

This gives the theoretical velocity. The actual velocity is given by:

vy = C,/2gh
...... (9.11)
Where,

h = height to which the liquid rises above the pipe.

C,= the co-efficient of pitot tube.

Merits:

- Simple in construction having no moving parts.

- Easy to install.

- Requires no external power source.

- Easy measurement and velocity.

Demerits:

- Can’t be used for turbulent flow, i.e. only used for laminar flow.

- Less accurate in measurement of velocity due to assumption of ideal fluid.
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Example 9.2:

A pitot static tube placed in the centre of a 325 mm pipeline has one orifice pointing upstream and other
perpendicular to it. The mean velocity in the pipe is 0.85 of the central velocity. Find the discharge if the
pressure difference between the two orifices is 50 mm of water. Take the coefficient of pitot tube as:

Cv=0.98

Solution:

Given, Diameter of pipe = 325mm = 0.325m
Difference in pressure head = 50mm = 0.05m of water
G =098

Calculating the central velocity using equation (9.11)

vy = C,y/20h =098 x 2 x 9.8 X 0.05 = 0.97 m/s

~ Mean velocity = 0.85 * 0.97
=0.825m/s

~ Discharge = mean velocity * area

=0.825 xzdz = 0.825 x—(0.325)* = 0.068 m®/s (ans)

I
4

*****@*****
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LESSON 10 Pipe Orifice, Water Meter and Propeller Meter

10.1 Pipe Orifice
10.1.1 Definition

Orifice meter or orifice plate is a device (cheaper than a venture meter) employed for measuring the
discharge of fluid through a pipe (shown in Fig.10.1). It also works on a same principle of a venture meter.

.
%2
o

A

g s ”,
\ 0
b

Flow direction

Pressure difference Ap

Fig. 10.1. Orifice plate.
10.1.2 Description

It consists of a flat circular plate which has a circular sharp edged hole called orifice, which is concentric
with the pipe. The orifice diameter is kept generally 0.5 times the diameter of the pipe, though it may vary
from 0.4 to 0.8 times the pipe diameter.

10.1.3 Principle of Operation

The fluid on reaching the orifice plate converges to pass through the small hole and in doing so the velocity
and pressure changes. The point of maximum contraction is called the vena contracta. Beyond the vena
contracta, the fluid expands and the velocity and pressure change once again. By measuring the difference
in fluid pressure between the normal pipe section and at the vena contracta, the volumetric and mass flow
rates can be obtained from Bernoulli's equation.

The value of discharge Q through the pipe is given by the following equation:

Ciapgmqy., 2gh
Q = S = =
_‘a%—a
4

=] ]
—~
[ERY
=
p—
~
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Where,

a1 = area of pipe at section 1

ao = area of orifice

h = differential head

g = acceleration due to gravity

cq= co-efficient of discharge for orifice meter.
The coefficient of discharge for orifice meter is much smaller than that of venture meter.
Merits:

- Simple in construction.

- Installation is cheaper.

Demerit:

- Measurement of flow is not accurate as compared to venturimeter.

Example10.1:

An orifice meter with an orifice diameter 10 cm is inserted in a pipe of diameter of 30 cm diameter. The
pressure gauges fitted upstream and downstream of the orifice meter give readings of 25.524 N/cm? and
19.62 N/cma? respectively. Coefficient of discharge is given as 0.6 for the pipe. Find the discharge through
the pipe.

Solution:

Given, diameter of orifice, = 10 cm

L

a, =-(10)* = 78.54 cm?

~ Area of orifice,

d= | E

Diameter of pipe, d1 =20 cm

L

a, =—(30)*= 706.85 cm*

~ Area of orifice,

]

P, = 25,524 N/cm® = 25.524 X 10* N/m?

B
pg

= 25m of water

25.524¥% 10¢
1000 X 5.81

Py 19,62 X 10°
—= = ———_; = 20 mofwater
Similarly, 79 ~ 10004%8
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P8 P8 5.m of water = 500 cm of water

cd= 0.6

Calculating the discharge using equation (10.1)

Cs00,,/2gh 0.6X 78.54X314.16/2X 981 X 500
Jai— a3 J(706.85)2 - (78.54)7

¢

= 20873.62 cm?/s

=20.87L s~

10.2 Water Meter
10.2.1 Definition

A water meter is a scientific instrument for accurate measurement of quantity of water distributed to the
consumers. A typical water meter is shown in Fig. 5.

10.2.2 Description

There are two basic requirements for accurate operation of the water meter: (1) the pipe must flow full at
all time, and (2) the rate of flow must exceed the minimum for the rated range. Meters are calibrated in the
factory and field adjustments are usually not required. When water meters are installed in open channels,
the flow must be brought through a pipe of known cross sectional area.

Fig.10.2.Water meter.(Source:wikipedia accessed on 05/06/2012)
10.2.3 Type
Three basic type of water meters are:

a) Low pressure line water meter: They are used in underground pipe line water distribution system.
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b) Open flow meters: They are used to measure the flow in open channels or gravity-flow in closed conduit
system.

c) Vertical flow meter: They are used to measure flow in vertical pipes.

Merit:

- Mainly applied flow in pipeline.

Demerit:

- Costly device.

10.3 Propeller Meter
10.3.1 Definition

Propeller meters (mechanical meter) are commercial flow measuring devices used at the ends of pipes and
in conduits flowing full and under pressure.

10.3.2 Description

Propeller meters uses multiple blades made of rubber, plastic, or metal. The main parts of the flow meter
consist of a propeller (A) mounted in a short section of pipe and geared to a revolution counter (B) which
records the rate of flow and the cumulative total. A typical propeller meter is shown in Fig.10.3.

Fig.10.3. Propeller meter inside pipe.
10.3.3 Principle of Operation

Flow meter measures velocity of flow by the water turning the propeller as it passes by, and the area is
determined from the size of the pipe. The dial of the meter then reads directly in volume (m3, gallon, liters
etc). Rate of flow (i.e. liter per second) is then obtained by simply noting the rate of flow on the dial for
any given length of time as measured by a watch.
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The meters are available for a range of pipe diameters from 5 to 183 cm. They are normally designed for
water flow velocities up to 5.18 meter per second (m/s). Propeller meters should be selected to operate
near the middle of their design discharge range. This equipment can be a problem in existing irrigation
systems with oversized pipes relative to delivery needs. Sections of the oversized pipe may need to be
replaced with smaller pipes to provide enough velocity and approach pipeline length to allow
development of velocity profiles.

Propellers are designed to pass (to some degree) weeds, moss, and other debris, only a limited amount of
foreign material that can be tolerated in the flow. Even moderate amounts of floating moss or weeds can
foul a propeller unless it is protected by screens.

Merit
- Takes accurate measurement
Demerit

- Expensive

*****@*****
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Module 3: Irrigation Water Conveyance Systems
LESSON 11 Open Channel Flow

There are two kinds of flow: Open channel and pipe. These flows differ in many ways. The important
difference is that open channel flow has free water surface whereas pipe flow does not have free water
surface.

11.1 Open Channels

Irrigation water is conveyed in either open channel or closed conduits. Open channels receive water from
natural streams or underground water and convey water to the farm for irrigation. Open channels have
free surface. The free surface is subjected to atmospheric pressure. The basic equations used for water flow
in open channels are continuity equation, Bernoulli equation and Darcy Weisbach equation.

Free surface

Bed slope

Side slope

Fig. 11.1. A trapezoidal shaped open channel.
11.2 Types of Open Channels
(a) Prismatic and Non-Prismatic Channels

A channel in which the cross sectional shape, size and the bottom slope are constant over long stretches is
termed as prismatic channel. Most of the man-made or artificial channels are prismatic channels. The
rectangular, trapezoidal (Fig. 11.2), triangular and half-circular are commonly used shapes in manmade
channels. All natural channels generally have varying cross section and consequently are nonprismatic.

my

Fig. 11.2. Sketch of a prismatic channel.

. 2

(b) Rigid and Mobile Boundary Channels

Rigid channels are those in which the boundary or cross section is not deformable. The shape and
roughness magnitudes are not functions of flow parameters. The lined channels and non erodible unlined
channels are rigid channels. In rigid channels the flow velocity and shear stress distribution are such that
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no major scouring, erosion or deposition takes place in the channel and the channel geometry and
roughness are essentially constant with respect to time. Channels are classified as mobile channels when
the boundary of the channel is mobile and flow carries considerable amounts of sediment through
suspension and is in contact with the bed. In the mobile channel, depth of flow bed width, longitudinal
slope of channel may undergo changes with space and time depending on type of flow.The resistance to
flow, quantity of sediment transported and channel geometry all depend on interaction of flow with
channel boundaries.

11.3 Types of Open Channel Flow

Open channel flow can be classified into many types and described in various ways. The following section
describes classification based on variation of flow properties such as depth of flow, velocity etc. with
respect to time and space.

a) Steady and Unsteady Flows

Flow is steady if the velocity and depth are constant with respect to time. If the depth velocity or discharge
changes with time, the flow is termed as unsteady.

Flood flows in rivers and rapidly varying surges in canals are examples of unsteady flow.
b) Uniform and Non-Uniform Flows

If the flow properties, say the depth of flow and discharge in an open channel remain constant along the
length of the channel, the flow is said to be uniform. A prismatic channel carrying a certain discharge with
a constant velocity is an example of uniform flow.

o g
So Section AA

Fig. 11.3. Uniform flow in a prismatic channel.

If the flow properties such as depth and discharge vary with distance along the channel is termed as non-
uniform flow

Flow direction

B — o

Fig. 11.4. Uniform and non-uniform flows.
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Fig. 11.4 shows a view of uniform and non uniform flow. In uniform flow, the gravity force on the flowing
water balances the frictional force between the flowing water and inside surface of the channel, which is
in contact with the water. In case of non-uniform flow, the friction and gravity forces are not in balance.

The flow in open channel can be steady or unsteady. It can be uniform or non -uniform. A non-uniform
flow is also termed as varied flow. Steady and unsteady flows can be uniform or varied.

¢) Gradually Varied and Rapidly Varied Flow

The non-uniform flow can be classified as gradually varied flow (GVF) and rapidly varied flow (RVF).
Varied flow assumes that no flow is externally added to or taken out of channel system and hence the
volume of water in a known time interval is conserved in the channel system and hence the volume of
water in a known time interval is conserved in the channel system. If the change of depth is gradual so
that the curvature of streamlines is not excessive, such a flow is said to be gradually varied flow (GVF).

Waoter surfoce ot time t, g }
S o  Sectionl
Sw |
el
2 c
“w o
- y \
- Section 2
S8
3 w ded oAbt A A 4 2 A )

Time

Fig. 11.5. (a) Gradually flow. (Source: Subramanya, 2000)

Fig. 11.5 (a) shows water surface profile of a GVF; here yiand y2are the depth at section land 2,
respectively. In GVF, the loss of energy is essentially due to boundary friction. Therefore, the distribution
of pressure in the vertical direction may be taken as hydrostatic. If the curvature in a varied flow is large
and the depth changes appreciably over short lengths, then the flow is termed as a varied flow. It is a local
phenomenon. The examples of RVF are hydraulic jump and hydraulic drop.

Surge
N -
] %=

Sudden drop
of gaote trom 1102

- -

Gy

(b)
Fig. 11.5. (b) Rapidly varied flow. (Source: Subramanya, 2000)
d) Spatially Varied Flow (SVF)

Addition or diminution of water along the course of flow causes non uniform discharge and the resulting
flow is known as spatially varied flow (SVF). Hydraulic behaviour of spatially varied flow with increasing
discharge (case of drainage channel) is different in certain respects from that of spatially varied flow with
decreasing discharge (in case of irrigation channel). Figs. 11.6 (a) shows a case of spatially varied flow with
decreasing discharge. Figs. 11.6 (b) shows case of increasing discharge.
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Fig. 11.6. Spatially varied flow: a) decreasing discharge, b) increasing discharge.

i) Spatially Varied Flow with Increasing Discharge

In this type of spatially varied flow, an appreciable portion of the energy loss is due to the turbulent mixing
of the added water and the water flowing in the channel. In the most cases, this mixing is of relatively high
magnitude and uncertainty. Because of the resulting high and uncertain losses, the momentum equation
is more convenient than the energy equation in solving spatially varied flow with increasing discharge.
From a practical viewpoint, the high energy loss seems to make channels designed for such spatially varied
flow hydraulically inefficient, but physical circumstance and economical considerations sometimes make
the use of such channels desirable.

ii) Spatially Varied Flow with Decreasing Discharge

Fundamentally, these types of spatially varied flow may be treated as a flow diversion where the diverted
water does not affect the energy head. This concept has been verified by both theory and experiments.
Therefore, the use of the energy equation is more convenient in solving spatially varied flow with
decreasing discharge. The theory of spatially varied flow with decreasing discharge was probably
employed first in the design of lateral spillways or side spillway weirs.This type of structure is usually a
long notch installed along the side of a channel for the purpose of diverting or spilling excess flow.

The spatially varied flow with decreasing discharge is encountered in the design of irrigation water
conveyance system whereas with increasing discharge in design of surface and subsurface drainage
systems.

11.4 Sate of Flow

The state of flow in open channels is influenced by viscosity, gravity and inertial forces. The ratio of inertial
to viscous force is the Reynolds number.

11.4.1 Effect of Viscosity

In open channel flow may be laminar, transitional or turbulent depending on viscosity in relation to
inertial force. If viscous forces are strong in comparison to inertial force, the flow can be laminar otherwise
vice versa for turbulentant flow.

The characteristic length-scale for an open channel of width (b) and depth (y), the hydraulic radius (R) =
(by/b+2y). As a general rule, open channel flow in laminar, if Reynolds number defined by
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VR
Re = v is less than 500.
Where,

V = Flow Velocity

R = Hydraulic radius

v = Kinematic viscosity.

In open channels the transitional range of Re for practical purpose, is considered between 500 and 2000.The
revalue exceeding 2000 is considered as turbulent flow.

In close conduits the flow is i) laminar for Re < 2000, ii) transitional 2000 < Re <4000 and iii) turbulent Re
> 4000.

11.4.2 Effect of Gravity

The effect of gravity is represented by ratio of inertial forces to gravitational forces. This ratio is known as
Froude number (Fr), given by

Fr= ‘4t (11.1)
V = mean flow velocity,
g = acceleration due to gravity
L = characteristic length (it can be hydraulic depth, y or hydraulic radius, R).

For the flow to be critical (Fr =1) i.e.

V =vogy (11.2)
For sub critical flow (Fr <1) i.e.

v <gy
Vg and

For super critical flow (Fr > 1) i.e.
V> *-.,--g_v

11.5 Seepage in Canals and Field Channels

Seepage loss in unlined canals and farm ditches often range from one-fourth to one-third of the total water
diverted. In extremely sandy or gravelly ditches, half the water can be lost through seepage. Reducing
seepage by using improved conveyance facilities can increase water available for crop needs, allowing
irrigation of additional land, prevent water-logging, increase in channel capacity, reduction in
maintenance cost and more importantly enable to use available water sustainably. Especially in the regions
of water scarcity, minimising the seepage losses is important.
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11.6 Measurement of Seepage in Canal

The most commonly used methods applied for measuring the quantity of water lost due to seepage in a
canal section are as follows:

1. Ponding method
2. Inflow-outflow method
3. Seepage meter method

11.6.1 Ponding Method: The ponding method is one of the simplest methods of determining seepage from

a canal section. Water is ponded in temporary water-tight dikes constructed in a straight length of canal
under investigation. The time rate of drop of the water in the canal level is measured. The dimension of
the ponded reach of the canal are measured the seepage computed as volume of water lost from the canal
per unit wetted area of canal per unit time and normally is expressed as m3/m?2/day.

11.6.2. Inflow-Outflow Method: The inflow-outflow method is based on measuring the rates of water
flowing into and out of selected section of canal reach. It is based on water balance approach considering
the inflows outflows and losses into account. Canal sections with minimum number of outlets and
diversions and no appreciable inflow from higher lands are considered for seepage measurement. Water
stage recorders are also used to record the height of flow in the flume as a function of the elapsed time.
The seepage is computed as the difference in inflow and outflow per unit wetted area of canal section
under consideration.

11.6.3. Seepage Meter Method: The seepage meter is a device for directly measuring the flow between
ground water and surface water body such as lake or stream. The seepage meter is a modified form of the
constant head permeameter. It is mainly used to determine location of relatively high seepage losses.
Seepage meter can be constructed from inexpensive material such as galvanised iron sheet. Seepage meters
are suitable when many measurements are needed to characterize groundwater surface water exchange
in different sequent of water body.

11.7 Materials for Lining Canals and Field Channels

A large variety of lining materials for seepage loss control from canals and field channels is available for
use. Lining of canals or channels offers other advantage such as enhance stability, increasing life,
protection from flood in addition to seepage control. The various types of channel lining material
commonly used are as follows:

a) Hard surface linings

i) Cement concrete or pre cost concrete,
ii) Stone masonry,

iii) Brick tile or concrete tile

iv) Asphaltic concrete

b) Earth type lining

i) Compacted earth

ii) Soil cement
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iii) Bentonite - clay soil mixture
¢) Synthetic sheet/film
i) Rubber or synthetic materials

ii) Low density polyethylene sheet

The following points are normally considered for selecting method of lining and materials.

a) Availability and cost of the material at the site or within reach.
b) Labour available for lining at a reasonable cost

c) Degree of water-tightness desired

d) Velocity of flow in the channel

e) Useful life of the lining material

f) Maintenance cost.

*****@*****
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LESSON 12 Design of Open Channel
12.1 Introduction

Open Channel is a passage through which water flows and has upper surface exposed to atmosphere.
Open channel design involves determining cross-section dimensions of the channel for the amount of
water the channel must carry (i.e., capacity) at a given flow velocity, slope and, shape or alternatively
determining the discharge capacity for the given cross-section dimensions.

The terminologies used in the design of open channels of different geometry are given below:

i) Area of Cross Section (a): Area of cross section of for a rectangular cross section, of wetted section. For
a rectangular cross section, if b = width of channel and y = depth of water, the area of wetted section of
channel (a) =b.y.

ii) Wetted Perimeter (p): It is the sum of the lengths of that part of the channel sides and bottom which
are in contact with water. The wetted perimeter (p) = b+2y.

iii) Hydraulic Radius (R): It is the ration of area of wetted cross section to wetted perimeter. The hydraulic
radius

a by
p  b+2y

(R)=

iv) Hydraulic Slope (S): It is the ratio of vertical drop in longitudinal channel section (h) to the channel
length (1). Hydraulic slope

f5}=T

v) Freeboard: It is the vertical distance between the highest water level anticipated in channel flow and
the top of the retaining banks. This is provided to prevent over topping of channel embankments or
damage due to trampling. This is provided between 15.25% of normal depth of flow.

12.2 Discharge Capacity of Channel
Channel capacity can be estimated by equation given as:

_ (16667)(DDIR)(A)
(HPD)(Ei) 12.1)

where,
Q = channel capacity (L/min)

DDIR = design daily irrigation requirement (mm/day)
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A =irrigated area supplied by canal or ditch (ha)
HPD = hours per day that water is delivered
E; = irrigation efficiency including conveyance efficiency of canal or ditch (percent).

The velocity of flow in a canal or ditch should be non erosive and non silting that prevent the deposition
of suspended substances. Normally flow velocity in excess of 0.6 m/s is non silting (Schwab et al., 1993).
The maximum velocity that does not cause excessive erosion depends on the erodibility of the soil or lining
material. The maximum allowable velocities for lined canals and unlined ditches listed in Table 12.1 can
be used when local information is not available.

12.3 Economical Section of a Channel

A channel section is said to be economical when the cost of construction of the channel is minimum. The
cost of construction of a channel depends on depth of excavation and construction for lining. The cost of
construction of channel is minimum when it passes maximum discharge for its given cross sectional
area. Itis evident from the continuity equation and uniform flow formulae that for a given value of slope
and surface roughness, the velocity of flow is maximum when hydraulic radius is maximum. The
hydraulic radius is maximum for given area if wetted perimeter is minimum. Hence the wetted perimeter,
for a given discharge should be minimum to keep the cost down or minimum. This condition is utilized
for determining the dimensions of economical sections of different forms of channels. Most economical
section is also called the best section or hydraulic efficient section as the discharge passing through a most
economical section of channel for a given cross-sectional area (A), slope of the bed (So) and a roughness
coefficient (n), is maximum.

The conditions for the most economical section of channel

1. A rectangular channel section is the most economical when either the depth of flow is equal to half
the bottom width or hydraulic radius is equal to half the depth of flow.

2. A trapezoidal section is the most economical if half the top width is equal to one of the sloping
sides of the channel or the hydraulic radius is equal to half the depth of flow.

3. A triangular channel section is the most economical when each of its sloping side makes an angle
of 45¢ with vertical or is half square described on a diagonal and having equal sloping sides.

The discharge from a channel is given by

. _ o .-A' — 1
Q=AV=ACYRSy =AC |75, =K=5 (12.2)

where Q = discharge (m3/s), A = area of cross section (m?), C = Chezys constant,

R= Hydraulic radius (m), P = wetted perimeter (m), = bed slope (fraction or m/m), K = constant for given
cross sectional area and bed slope and = A3/2 C S,1/2

In equation (12.2) the discharge Q will be maximum when the wetted perimeter P is minimum.

(i) Channel Shape: Among the various shapes of open channel the semi-circle shape is the best hydraulic
efficient cross sectional shape. However the construction of semicircle cross section is difficult for earthen
unlined channel. Trapezoidal section is commonly used cross section.
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(ii) Channel Dimensions: The channel dimensions can be obtained using uniform flow formula, which
is given by

Q=AV (12.3)
Where,
V = flow velocity (m/s)
A = cross-sectional area of canal perpendicular to flow (m?)
Q = capacity of the channel (m?3/s)
Velocity is computed by Manning’s formula or Chezy formula.

Manning’s Equation is given by

V = 1R3/351/2
n (12.4)

Chezy’s equation is given by
V = CR1/281/2 (12.5)
Where,
n = Manning’s roughness coefficient
C = Chezy’s roughness coefficient
R = hydraulic radius (m)
S = bed slope (m/m)

Table 12.1. Limiting velocities for clear and turbid water from straight channels after aging (Source:
Schwab et al., 1993)

Velocity Water
transporting
Clear colloidal silts
Material m/s m/s
Fine sand, colloidal 0.46 0.76
Sandy loam, noncolloidal 0.53 0.76
Silt loam, noncolloidal 0.61 0.92
Alluvial silts, noncolloidal 0.61 1.07
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Ordinary firm loam 0.76 1.07

Volcanic ash 0.76 1.07
Stiff clay, very colloidal 1.14 1.52
Alluval silts, colloidal 1.14 1.52
Shales and hardpans 1.83 1.83
Fine gravel 0.76 1.52
Graded loam to cobbles 1.14 1.52
when noncollodal

Graded silts to cobbles 1.22 1.68

when colloidal
Coarse gravel, noncolloidal 1.22 1.83

Cobbles and shingles 1.53 1.68

Examplel2.1: Compute the mean velocity and discharge for a depth of flow of 0.30 m from a lined
trapezoidal channel of 0.6 m wide and side slope of 1.5 horizontal : 1 vertical. The Manning’s roughness
(n) is 0.012 and the bed slope is 0.0003.

Solution:

Area of cross section (a) = by + zy?2
=0.60 x 0.30 + 1.5(0.30)2
=0.18 + 0.135
=0.315 m2

Wetted perimeter

(p) =b+2y/(z +1)

= 0.60 + 2(0.3),/(1.5)2 + 1
= 0.60 + 1.08

=168m
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0.315

1.68

Hydraulic radius (R) = 0.187 m

_ 1 R2/3g1/2

In

1 2/3 1/2
5o~ (0187)7°(0.0003)"2

= 7 -1
Mean velocity (v) 0.473 ms

Discharge (Q) =AxV
=0.315x 0.473

=0.149

12.4 Energy Depth Relationship

From hydraulic point of view, the total energy of water in any streamline passing through a channel
section may be expressed as total head, which is equal to sum of the elevation above a datum, the pressure
head, and the velocity head. The total energy at the channel section is given by

H=z+y+

UE
Ta
-5

(12.6)
where,

H = total energy, z = elevation head above datum, y = depth of water in channel, V = velocity of flow, g =
acceleration due to gravity. The specific energy is the total energy at any cross section with respect to
channel bed. Considering slope of the channel bed is very small, the specific energy E is

2
E=y+ zi
& (12.7)
For the channel of rectangular section having width b, the cross sectional area of channel

A=by

then
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_ Q*
E - y + ESbE}F?

(12.8)

Differentiating equation (12.8), equating it to zero for minimum condition, this becomes

dE_l Q?cm_l v? dA
dy = gAdy = gA dy’

dA
- = b
but dy
dE ve?
Hence y BYc
When V Vg, Y = (Critical depth)
Vic
= ‘l
EYc (12.9)
1,‘.'
l\.‘&.‘c

is defined as Froude number, for flow to be critical its value is equal to 1. It is greater than 1 for
super critical flow and less than 1 for sub critical flow.

Critical depth ( Y) for rectangular channel is given by

Q_Z]l,fa

ye=1
¢ gb® (12.10)

The principle of design of flumes and hydraulic structures (open drop and chute spillways) is based on
the concept of specific energy and critical flow.

Example 12.2: Compute the critical depth and specific energy for discharge of 6.0 m3s-channel from a
rectangular channel. The bottom width of rectangular is 2.4 m.

Solution:

Discharge / unit width (q) =
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2.5%

— 2 1/3 _ 3
Ve=(q¥g)'? =[—1
Critical depth 9.81

= 0.860 m.

Since specific energy at critical depth (Ec) = = y.Therefore Ec=1.290 m.

Example 12.3: Determine the critical depth for specific energy head of 2.0 m in a trapezoidal channel of 2.0
m bottom width and side slopes of 1:1.

Solution:

Specific energy at initial depth ( y.) is given by

v

Ec=Yyc 3

Ac® Q2
Tc g
Q* Aec

2gAC? ~ 2TC

Ac
Ec=y + >Te

As for critical flow

where,

Ac = Area at critical depth

Te = Top width at critical Depth

(Z2+y)Ve
20=vy_ 4+ —=—5-€
Ye 2(2 + 2y.)
o (2 + Fc}}"c
Ve 2(2 + 2y0)

12.5 Velocity Distribution in a Channel Section
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The velocity of flow in any channel section is not uniformly distributed. The non- uniform distribution of
velocity is due to the presence of a free surface and the frictional resistance along the channel surface. In a
straight reach of channel section, maximum velocity usually occurs below the free surface at a depth of
0.05 to 0.15 of the total depth of flow. The velocity distribution in a channel section depends on various
factors such as the shape of the section, the roughness of the channel and the presence of bends in the
channel alignment. The man velocity of flow in a channel section can be computed from the vertical
velocity distribution curve obtained by actual measurements. It is observed that the velocity at 0.6 depth
from the free water surface or average of the velocities measured at 0.2 depth and 0.8 depth from free
water surface which is very close to the mean velocity of flow in the vertical section. The velocity can be
measured by pitot tube or current meter.

*****@*****
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LESSON 13. On Farm Structures for Water Conveyance

It is necessary that the flow of irrigation water in the water conveyance system is always under control.
Water control structures are therefore required for water conveyance system to control the flow of water
and dispose at safer velocity. The different types of flow control structures used to regulate water flow
are presented in this lesson

13.1 Drop Structures

Drop structure is used for conveying water in the channel from higher elevation to lower elevation while
controlling the energy and velocity of the water as it passes over. These structures are needed in canals
and ditches to convey water down steep slopes at non-erosive velocities. Drop structure is constructed at
end of each reach to lower water head abruptly in to the next reach by subdividing the slope in to several
reaches with relatively flat slopes. Water is conveyed down the slope in the stepwise manner. The
components of drop structure include an inlet section, a vertical or inclined drop, a stilling pool or other
means of dissipating energy, and an outlet section for discharging water into the next reach. Kruse et al.,
(1980) recommend that drop heights in conveyance canals and ditches be limited to maximum of 0.6 m to
1 m and that drop height in distribution laterals be less than 15 to 30 cm. Fig. 13.1 shows series of drop
structures on a steep sloping land.

Fig. 13.1. A view of Drop structures in a canal on steep sloping land.
13.2 Chute Spillways

These are used to convey water from steep slopes. Chutes are lined, high-velocity open channels (Fig. 13.2
and 13.3). Chute structures are constructed with concrete, bricks or cement. They have an inlet, a steep-
sloped section of lined canal where the elevation change occurs, a stilling pool or other energy dissipation
device, and an outlet section. Chutes may be made to control flow for elevation changes up to 6m. A
straight apron is used for small structure used in small irrigation channel.
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Fig. 13.3. Section of Chute spillway.
13.3 Pipe Drop Spillways

Pipe drop structure (Fig. 13.4) is used where a channel has to cross an embankment. In such cases water
can be safely discharged from a higher to a lower one by providing a pipe drop. This type of structure
allows the discharge of water through a pipeline, without disturbing the existing bunds or embankment.
The components of structures are gated pipe, stilling basin with end sill. Stilling basin is provided for
dissipation of energy of water flow. A stilling basin is made up of brick or stone masonry, or concrete. A
masonry or concrete apron is provided at the inlet end of the pipe to prevent seepage around it. The
discharge capacity of the pipe drop structure may be determined by the relationship

Q=AV
in which,
Q = discharge (md3s1)

A= area of cross-section of the pipe (m?)
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V = velocity of flow (m/sec)

In designing the pipe size, head loss due to friction in the pipe line, entrance losses and loss at the bends
are considered.
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Fig. 13.4. A drop-inlet pipe spillway with drain pipe.
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Example 13.1: Determine the capacity of 3.5 m long (1) pipe of pipe drop spillway to be used for effective
drop in head (H) as 1.2 m. The diameter of pipe (d) is 100 mm and friction coefficient (f) is 0.012.

Solution:
The applicable formula for the total head in pipe drop spillway is

= +—+{15—+u25—
2gd 2g 28

where

v = velocity of flow and g = acceleration due to gravity

Substituting the values is above equation
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H=12m.d=100mm./=35m

4% 0.012x 3.5 % v? ve ve ve

+05——-+025———
EX?BI X 1DIJ,!1CIIDD 2x9.81 2x981 2x9.81

1.2 = v2(0.0856 + 0.05097 + 0.002548 + 0.01274)
1.2=v?x0.1748

v=262ms!

a=1(nd?) =(3.14) X (o)
=7.8¥107%m?
Q=a.v
= 7.85x1073

=2.056x10"?m?s 1 =20.56 L 5!

*****@*****

https://t.me/agricultural_eng 86

rwenin. AgriMoon. Com



o https://t. me/agricultural_Soilandwater

/rrigation Engineering

LESSON 14 Structures for Diversions and Channel Crossings

Water from the farm irrigation channel is diverted to branch channels or into field channels by means of
junction boxes, and gates and siphons. These structures are used as water diversions structures or
application structures for water application from irrigation channels of the fields. Brief description of
these structures is given in this lesson.

14.1 Check Gates

The check gate is a structure used to maintain or increase water level in an open channel. Check is placed
in an irrigation channel to form an adjustable dam to control or rise the elevation of the water surface
upstream by at least about 8 to 12 cm above ground surface so as to use siphon tubes or turnouts for water
diversion from channel to field efficiently. Fig. 14.1 shows the canal check gates. There may or may not be
flow past a check. When there is no flow past them, checks act as dam that confine water release in the
area along the canal or ditch being used for irrigation. Permanent check can be used in either lined or
unlined channels. A check structure consists of canvas, metal or masonry walls built across the channel
and provided with a suitable gate or outlet device. The masonry wall is built in place while the check gate
is usually precast and fixed to the wall. The crest of the check gate is at the same level as the bottom of the
upstream channel.

Fig. 14.1. Canal check gates.

14.2 Portable Check Dams

Portable checks can be removed when irrigation is complete and reset at another location along the canal
or open channel to irrigate another area. They are used when the water level in canals and ditches must
be raised above the normal depth of flow to provide head for operating outlets. Portable check dams are
made of sheet metal or plastic sheet or canvas. Canvas or plastic dams are supported on a pipe or wooden
cross-bar with suitable loops. A loop is usually provided at the bottom to anchor the dam to a small post.
A sleeve made near the bottom of a canvas dam allows any desired quantity of water to pass downstream,
while maintaining a constant level upstream. In very hard soil it may be necessary to make grooves with
the shovel to insert the edges. The canvas and plastic dams are removed after irrigation, properly washed,
dried and stored in order to protect them and make usable for the next season. Metal sheet of about 18
gauge mild steel is cut to suit the channel cross section and driven at about 10 cm deep. Metal sheet has
greater durability than other materials. Metal dams are always painted to prevent rusting (Michael, 2010).
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14.3 Turnouts

Turnouts are constructed in the bank of a canal to divert part of the water from the canal and ditches to
basins, borders, and distribution laterals. Turnouts can be concrete structures or pipe structures. A turnout
may have a fixed opening in the side and equipped with the device to control the area of opening. They
usually have removable flashboards or a circular or rectangular slide gate to regulate flow. Drop-open
gates (similar to drop-open checks) are utilized in semiautomatic turnouts. Turnout commonly used is a
metal pipe with slide gate on the inlet. The orifice flow formula is commonly used to determine the
capacity of pipe turnout.

14.4 Siphon Tubes

Siphon tubes (Fig. 14.2) are curved plastic, rubber or aluminum pipes that are laid over the bank of
delivery channels to deliver water to borders and furrows. The siphon tubes are completely filled and
dipped in to water. Water flows into the tube, is pulled (siphoned) over the bank of the delivery channel,
and delivered into borders and furrows when there is sufficient operating head and the tube is properly
positioned and full of water (primed).For a free-flowing tube, the effective operational head is difference
in elevation between the water surface at the tubes entrance and the center of its outlet end.

Siphon tubes are available in diameters ranging between 13 and 150 mm and length of 1.2 to 3.0 m. The
discharge of a siphon tube depends on its diameter, length, and inside roughness the number and degree
of bends and the operating head.

The discharge from a siphon tubes depend on the diameters of the tube and the difference in elevation
between the water surface at the upstream and downstream ends of the tube. It may be estimated by the
following formula:

Q = 0.65 % 10~%a,/2gH
in which,
Q = discharge from siphon tube (L s)
a = internal area of cross-section of tube (cm?)

g = acceleration due to gravity (cm/sec?)

H = effective head causing flow (cm)

If the outlet is not submerged, the effective head is the vertical distance from the water level over the inlet
end to the center of the discharge end.
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Fig.14.2. Siphon tubes.

14.5 Flumes

Flumes are constructed to carry irrigation water across streams, canals, gullies, ravines or other natural
depressions. They may be open channels or pipes which are often supported by pillars or may be fixed to
bridges. Open channels are made of concrete or wooden having rectangular or trapezoidal shapes.
Alternative steel, concrete or vitrified clay pipes could also be used. However while using pipes, care
should be taken to position them below the water surface at the upstream end to ensure that they are full.
The supporting structure may be made of timber, steel or concrete. Manning’s equation is used to estimate
discharge of the flumes. Flumes constructed in specially shaped and stabilized channel section may also
be used to measure flow. Flumes are generally less inclined to catch floating debris and sediment than
weirs and therefore, they are particularly suited for measurement of runoff.

14.6 Culverts

A culvert is a drain or pipe that allows water to flow under a road. Fig 14.3 Shows culvert pipes below a
road. Culverts are most suitable structures at the channel crossing when the road fill is sufficiently high
and the channel bed lies on the field surface on either side. About 45 cm soil cover is desired above the
culvert pipe (Michael, 2010). The pipe used as a culvert has the simple function of providing passage for
water underneath the path. The headwater elevation may be above or below the top of the inlet section.
Solution of a culvert problem is primarily the determination of the type of flow that will occur under a
given head and tail water conditions. Pipe flow (conduit controlling capacity) will occur under most
conditions when the slope of the culvert is less than the natural slope and entrance capacity is not limiting.
The natural slope for small angles of 0 is

. Hy v?
S, =tan @ =Sinf =—=K,.—
L 2g

where,

©® =slope angle of conduit (degrees)

Ht = friction loss in conduit of length L (L)
L = length of conduit (L)

K= friction loss coefficient (L/L)

v = velocity of flow (L/T)

g =acceleration due to gravity (L/T?)
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Fig. 14.3. Culverts.

14.7 Inverted Siphons

The inverted siphon (Fig. 14.4) is constructed when a channel has to cross a wide depression or where the
road surface lies close to the field surface. It has an inlet and an outlet tank connected together at their
bottom by a pipe. A check gate is used at the inlet end to control the water surface level in the upstream
channel. The tank of an inverted siphon also acts as stilling basin. The bottom of the tanks is kept about
15-20 cm below the bottom of the pipe to collect the silt deposited due to slow down velocity of silt carrying

water from upstream erosion.
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Fig. 14.4. Inverted siphons.
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LESSON 15 Underground Pipeline Systems

Water is conveyed from the water source to the cropped field using networks of open channels and or
pipe lines. Pipe lines have several advantages over open channels. A properly designed pipeline system
saves water, energy consumption and land used for field channels. Underground pipe line types and its
components are presented in this lesson.

15.1 Advantages of Underground Pipeline System

The water distribution system of deep wells tube, which are usually owned by the government or
cooperative or group farming societies, usually comprise of open channels or buried pipes (underground
pipe) with outlets at suitable points in the command area. Buried pipeline water distribution systems,
though comparatively more expensive, have major advantages over surface water distribution systems
comprising of network of field channels. The following are the major advantages:

1. The farmers get water at or near their fields.
2. Water conveyance losses through seepage, evaporation and breaches in the channels are avoided.

3. The quantity of water delivered from each outlet remains the same, irrespective of the elevation of
the outlet.

4. The pipeline can be laid with complete freedom to best suit the requirements of water supply and
cost of pipelines, irrespective of the topographic features of the tube well command area.

5. Outlet valves can be provided wherever desired in the pipeline, as determined in the interest of
minimising the distance from the outlet to the field, the number of cultivators served by an outlet
and ensuring gravity flow from outlet to the fields.

6. Water is supplied to each field plot either directly or through a field channel of short length
originating from the outlet.

7. Maintenance cost of the water distribution system is very low.
8. There is full control of the water supply to the fields within a tube well command area.
Limitations

Underground pipe line irrigation system requires high initial investment as compared to open channel
systems. This also needs higher operating pressure and additional power to distributed water, whereas in
open channel system do not need. The canal carrying svet laden water cannot be connected with
underground pipe line system as canal provide very little head and pipe lines are likely to be blocked.

15.2 Low-Head Pipelines

In low head pipe line system water is taken from the water source and directly distributed to basins,
borders, and furrows. These low head pipeline works satisfactorily on non-uniform grades, and also at
uphill and downhill the land slopes. Such pipeline consists of an inlet, one or more outlets, with head
control devices and surge protection structures, air relief valve, flow meter and debris and sand removal
devices. Pressure relief, air release, and vacuum relief valves that are used for pressurized pipelines are
also used with low-head pipelines. Pipelines permit the conveyance of water on uphill or downhill slopes.
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These systems are also suitable to undulating topography and can supply water at any part of the farm.
The pipe line systems can be buried or on the surface. Surface pipe lines portable and these are brought
back after irrigation. The buried pipe lines placed below the ground surface are permanent and called as
permanent underground pipeline. Underground pipe line conveyance system is preferred over surface
pipe lines as the cultivation can be done on the land above pipeline and it does not affect farming
operation.

15.3 Types of Irrigation Water Conveyance Pipeline System

Generally there are three types of irrigation water conveyance pipe line systems. The first is the completely
portable surface pipe line system. In this system water is supplied from source and applied to the field
from open end of pipe line or using gated outlets. In second system, a combination of buried and surface
pipes are used, where buried permanent pipe lines are used to transmit water from source to risers. These
risers supply water to surface pipes .In third system, water is delivered from riser/alfalfa valve and
channel border or basins, eliminates the need for surface pipes. Water is released on the portion of the field
to be irrigated from risers. Irrigation pipe must be sized carefully to deliver enough discharge and at the
same time it should be economical.

15.4 Pressure Variations in Irrigation Pipe Lines
Pressure in the pipe line increases or decreases due to change in elevation (uphill or downhill conditions).

The difference in pressure between two locations along a pipeline can be estimated using following
equation.

Hy = H, — 9.81(H, + AHe) )

Where,
Hg, Hu pressure at down- and upstream position, respectively (kPa);
Hi= energy loss in pipe between the up-and downstream positions (m);

AH. = difference in elevation between up-and downstream positions (m);

When the change in elevation between the up-and downstream positions is uphill, the sign of is plus (+)
conversely, this sign is negative ( ) when the elevation at the upstream location exceeds the elevation at
the downstream location.

Equation 15.2 can be used to estimate the energy loss term,

HL=F -Hf+m (15.2)

Where,

F = constant that depends on the number of outlets removing water from the pipe between source and
application points
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Hs= friction head loss in pipe (m).This is also called as the major loss.

mi = minor head losses through the fittings provided in the pipeline system (m)

Estimation of Head Loss Due to Friction or Major Loss: Head loss due to friction in irrigation pipe is
estimated by using Darcy Weisbach, Hazen Williams or Scobey equations. Fresh live Darcy Weisbach
equation computes head loss due to friction in laminar or turbulent flow in pipelines on rational basis as
given by equation (15.3).

Darcy Weisbach Equation:

LV?

where

H¢=loss of head due to friction

L = length of pipe

D = the inside pipe diameter

V = the mean velocity

g = the acceleration due to gravity, and

f = friction coefficient.

Equation (15.3) is dimensionally consistent and can be used with the same ‘f" values for FPS or SI units.
Values of f have been related to boundary roughness dimensions on pipe surface and determined
empirically. These are tabulated in

Hazen Williams Equation: The Hazen Williams equation can be written as:

V = K R0.63 5054 (15.4)

where
V = velocity of flow in pipe line
R = the hydraulic radius of pipe and

S = the slope of pipeline (fraction)
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In ST units (R in mm),

The constant K = 0.0109K;4

Where

K1 = the Hazen - Williams resistance coefficient

The values of K; range from 144 to 146 for aluminium pipes. Ki values for the pipes of other materials are
available in hydraulic handbooks. (James, 1988).

Scobey Equation: The Scobey equation given for riveted steel pipe has also been used to compute head
loss in aluminium pipe. The Scobey equation is given by

S =103KV19D-11 (15.5)

In SI units velocity (V) in m/s, inside diameter (D) in mm

S = slope (m/m)

The constant K = 516 Ks where Ks= Scobey resistance coefficent

The exponents in the Scobey equation may have different values for other pipe materials (Brater and King,
1976). Recommended values for K; and Ks available in the chapter 5 in James (1988), are used to compute
pipe size.

Estimation of Minor Losses: Energy losses through fittings and valves also need to be considered in the
design of an irrigation pipeline. These so-called “local” or minor losses are frequently estimated by
applying a coefficient to the velocity head at the fitting. The sum of all local losses is then added to frictional
head loss to estimate total loss in the pipeline. Local loss coefficients to be used in the equation is given:

Kv?

Hi. —
2g

The values of local loss coefficient (K) due to fittings, joints, valves, elbows and Tees can be obtained from
the book entitled “Design and Operation of Farm Irrigation Systems” Kruse, et al. (1980).

15.5 Components of Underground Pipelines

All the low head underground pipe line system requires pump stand as inlet or gravity inlet, gate stands,
pressure relief valves, outlets and end plug. Typical components of underground pipeline are illustrated
in Fig. 15.1.
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Fig. 15.1. Components of an underground pipeline irrigation system.
15.5.1 Inlet Components of Underground Pipeline System

Water inlet components are required to carry water from the source in to low head underground pipelines.
An inlet structure is required to develop adequate pressure and full flow capacity so as to distribute water
at different points on the farm. Inlet components use a sand trap and trash screen to prevent entry of debris
and heavy suspension of sand in the pipe lines.

Pump Stand

A pump stand is located at the inlet end of underground pipeline system. Pump stand must be high
enough to provide the pressure needed at all the pipe outlets. Pump stands size is larger than the diameter
of pipe line, to dissipate high velocity stream and release of entrapped air before water enters pipeline. A
view of the pump stand is shown in Figure 15.2.
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Fig. 15.2. Pump stands for underground pipeline.

Gravity Inlets

The gravity inlet is used when water surface elevation of the water source is sufficient to allow gravity
flow into the pipeline and to provide the adequate pressure needed at every point of pipe line and outlet.
The low head underground pipe line directly connected with water source can be used for delivering
water from a minor canal as shown in Fig. 15.3.
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Gate Stands

Gate stands are installed to control flow into branch lines. These are installed where branch lines take off
from main line. They also prevent high pressure and act as surge chamber. Each outlet of a gate stand is
equipped with slide gate or gate valve to release water through a particular gate valve. Fig. 15.4 shows

branching off water from main pipeline and (gate stand).
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Fig. 15.3. A sectional view of an inlet for taking water from a minor canal into an underground pipeline.

(Source: Michael, 2010)

Fig. 15.4. (a) Gate stands and (b) Overflow from Gate stands.
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Pressure Relief Valves

Pressure relief valves open at certain preset pressure and discharge fluid to relieve the surge. They close
immediately when pressure drops below settings. In situation, when rapid changes in flow velocity are
necessary, the pressure relief valves are used to prevent water hammering. The air inlet valves (also called
vacuum relief) are used at desired places in the pipe lines to prevent vacuum formation. The air vents are
also used to release entrapped air and to prevent vacuum formation. These air release devices (air vents)
are installed at inlet end near pump stands, sharp bends, high elevation points and before end of pipe
lines.

15.5.2 Outlet Structures

Outlet structures are devices that release water from pipelines to any desired locations in the farm. They
consist of a riser pipe, and one or more valves to control the flow. The most common outlet consists of a
concrete riser pipe and valves to control the flow. The riser valves, hydrants and gated pipes are connected
with riser pipe to distribute water to furrow or a border or a basin. A section of riser pipe with alpha-alpha
valve is shown through Fig. 15.5.

Fig. 15.5. Section of an alfalfa valve for a low head pipeline.
Hydrants

Hydrants are devices placed over riser valve outlets as a means of connecting portable gated pipes to the
pipeline. They are portable so that they can be moved from one valve outlet to another to serve the portion
of the field which is being irrigated at a particular time. Hydrant can also be used for connecting the suction
hose of a pump to the water supply carried in the pipeline under low pressure, so that the pump can
develop the high pressure.

End Plug

The function of an end plug is to close a line and to absorb the pressure developed at the end of the line,
on account of water hammer. The plug is backed by a masonry block which provides sufficient strength
to meet unexpected high pressure developed due to sudden opening or closing of valves.

15.6 Underground Pipeline Materials

Both reinforced concrete pipes and PVC pipes are used for constructing water distribution systems in the
command areas of wells. PVC pipes are often preferred because of the ease of installation and ensure leak
proof joints. Other factors favouring its use are speed of laying and greater resistance to internal friction,
as compared to concrete pipes of a given diameter, to convey large quantities of water. However, skill and
adherence to proper procedure in laying the pipes and accessories can be used more economically and
with equal efficiency, as compared to PVC pipes on plain land. PVC pipes have distinct advantages over
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concrete pipes. In undulation topography, however, they need to be buried to avoid UV degradation.
HDPE pipe can be used above ground level.
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LESSON 16. Design and Operation of Underground Pipeline System
16.1 Design of Underground Pipeline Systems

The design of underground pipe line system requires information on land topography, location of water
source and water discharge. Pump stands must be of high elevation to allow sufficient operating head for
the pipeline. However, stands higher than necessary may permits high heads of water to build up, leading
to excessive line pressures. The working pressures in the pipeline are kept within one-fourth the internal
bursting pressures of the pipe. When it is necessary to design pipelines with higher heads, reinforced
concrete pressure pipes are used. The sizes of the outlets are selected to suit the flow required at diversion
points. The PVC and HDPE are also used for water distribution at low and moderate pressure. The
components of the systems such as pipeline size and height of Pump stands and control stands must be
designed so as to obtain a balanced water distribution and provide trouble free operation.

The height of water in the pump stands is estimated as follows:
Depth of water in pump stand (Hps) (m) = Reduced level at height point (m) + losses in the pipe
line Reduced level at pump stand (m). A free board of 0.5m of water head is added to get the height pump

stand.

Losses in pipe line are head loss due to friction and also known as major loss. Various equations such as
Darcy-Weisbach, Hazen Williams and Scobey have been proposed to determine head loss due to friction
(Refer lesson 15). The Darcy’s Weisbach equation is scientifically based and applicable to both laminar and
turbulent flows.

The Darcy-Weisbach equation is

28 (16.1)
where,
Ht = head loss due to friction,(m)
f = friction factor,
L = length of the pipe(m)
d = Inside diameter of the pipe (m)
V = mean velocity of flow (m s?)
g = acceleration due to gravity (m s2)

The friction factor f is function of Reynolds number (Re) and relative roughness &. For laminar flow (Re,
the friction factor is
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f=—
Re (16.2)
where
VD
Re = —
17

V = velocity, m s
D = diameter of pipe, m
v = Kinematic viscosity, m?2 s-1

For Re between 2000 and 100,000 (Turbulent flow)
f=0.32Re-0.25 (16.3)

For Re > 100,000 (Fully turbulent flow)

f= 0.30—3.0(%}
(16.4)

For most commercial materials, the friction factor is represented by the semi- empirical equation

9.35

L 14— 210gE+ 22
e °B'D " Rer

vf (16.5)

Minor Losses

Head losses in underground pipeline are also caused by inlets, bends, gate valves, outlets (rivers, valves
etc.) and other appliances such as fittings expansions and constructions due to entry and exit losses and
abrupt and gradual changes in velocity. These losses are, referred to as minor losses.

These losses are given by equation (16.6).Each term in the equation represents the head loss due exit, entry
or fitting or connections in the pipeline.

v? V2 V3 v?
Ki—+Ky—+Ks— + e Ky —
2g 2g 2g 2g (16.6)
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Where,
Ki, Ky, ... K, are coefficients for each item where minor head loss exists.

These minor loss coefficients can be obtained from Michael, (2010).

The values of coefficient as 0.5 for pipe flush with wall, 0.1 for bell entrance and 1.0 for bends. are used. If
the gated pipes are used, then pressure required to operate these pipes are included (Michael, 2010).

Diameter of Pipe Line

The diameter of pipe line is computed considering the head loss due to friction in pipe line (Equation 16.1)
and discharge. Too small, diameter will increase the pumping cost due to increased frictional head losses
and too large pipe diameter will add to the system cost. The material and size of pipe are selected
considering the hydraulically efficiently and pumping cost.

Example 16.1: A 500 m long 200 mm diameter pipe is used as underground irrigation water supply system.
The velocity of water flow is 5m/s, the PVC pipe is used which has =0.00026 m. Use kinematic viscosity v
as =1.007 , Determine the head loss in pipe.

Solution:

The head loss due to friction is computed using the Darcy-Weisbach equation

hy=f - —
D 2g

VD
Re = — = (5 x 0.2)/(1.007 X 107°)
15

=993 x 10°

The relative roughness

0.00026
= ——— = 0.0013

5

Ks
From Moody diagram, the friction factor (f) (at =9.93 X105 and D =0.0013) =0.021
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Head loss due to friction (Hy)

500 5°
Hf = 0.021 — X = 66.89 m
0.2 2x9.81

16.2 Laying Out of Underground Pipeline System

Preparation of contour map is essential requirement to lay and construct underground pipeline for a
command area. The map should depict North direction and important features locating revenue division
and sub divisions. The map should show field boundaries, streams, rivers, tanks, earth embankments,
roads, wells and village boundary and other major features of the area which will come under the
command of the tubewell and the area immediately adjoining it. The alignment of the buried pipeline
water distribution system and the location of the valves should be planned based on the inspection of the
field contours and the various features on the ground. The alignment of the earthen field channels and
essential field structures like inverted siphons are decided based on the ground elevation. Profiles along
each pipe and channel route are surveyed and plans are prepared showing depth, gradient and earth work
along their length and the location of the structures. These include inlet, water control and diversion
structures, air release vents and end plugs.

After laying of PVC pipes and backfilling of the trenches and construction of the outlet structure, the water
is allowed to pass through the pipeline. All air in the pipe should be allowed to escape through the
pressure release pipe. For 3 to 4 days, all the outlets are kept open for 3 to 4 hours, with the pump in
operation, in order to check if there are any leakages in the pipe or in any of the outlets. If leakage is
noticed, repairs are done after draining the entire pipeline system.

16.3 Operation and Maintenance of Underground Pipeline Systems

The underground pipeline may fail due to i) lack of inspection or maintenance, ii) improper construction,
iiif) improper design and iv) wrong manufacturing processes and poor quality materials used.

The underground pipelines operate without trouble when it is properly designed and correctly installed.
Inadequate procedures in design and installation and unforeseen situations give rise to the following
troubles.

a) Development of longitudinal cracks in the pipe, usually at the top or both at top and bottom
b) Telescoping of sections

C) Pushing of the pipe into the stands

d) Development of circumferential cracks

e) Surging or intermittent flow of water

Leak Testing and Repair

All buried low pressure irrigation pipelines should be tested for leaks before the trench is filled. The
pipeline should be filled with water and slowly brought up to operating pressure with all turnouts closed.
Any length of pipe section or joints showing leakage should be replaced and the line retested. The water
should remain in pipelines throughout the backfilling of trenches, because the internal pressure helps to
prevent pipe deformation from soil loading and equipment crossings. Underground pipelines should be
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inspected for leakage at least once a year. Leaks may be spotted from wet soil areas above the line that are
otherwise unexplained. Small leaks in concrete pipeline can be repaired by carefully cleaning the pipe
exterior surrounding the leak, then applying a patch of cement mortar grout. For larger leaks, one or more
pipe sections may have to be replaced. Longevity of concrete pipelines can be increased by capping all
opening during cold winter months to prevent air circulation. Small leaks in plastic pipe, except at the
joints, can sometimes be repaired by pressing a gasket-like material tightly against the pipe wall around
the leak and clamping it with a saddle. Where water is supplied from a canal to portable surface pipe,
sediment often accumulates in the pipe. This sediment should be flushed out before the pipe is moved.
Otherwise, the pipe will be too heavy to be moved by hand and may be damaged if it is moved
mechanically. Buried plastic pipelines can be expected to have a usable life of about 15 years, if well
maintained. The annual cost of maintenance can be estimated as approximately 1% of the installation cost.

*****@*****
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Module 4: Land Grading Survey and Design

LESSON 17 Land Grading Survey and Design

Land grading is the operation carried out to reshape the land by cutting, filling and smoothing to a
designed continuous surface grade. The uniform grade is needed to control flow for irrigation and
drainage purposes without soil erosion. A topographic map is a map that contains the information about
the general topography of an area on the earth surface. The topographic map includes contours lines,
location of natural features such as gullies, ditches and location of man-made features, such as buildings,
roads, culverts, bridges etc. These are needed for detailed planning. Contour lines of the topographic
map present the topography of an area. A contour line is an imaginary line that is obtained by joining
the points of constant elevation on the surface of the ground. Fig. 17.1 depicts the different characteristics
of contour lines.

A series of closed contours with higher values inside indicates a summit or hill and outside indicate a
depression (Fig. 17.1 a & b). The contours lines form U-shaped curves and the higher values of contour
inside the loop indicate a ridge line, V-shaped curves and the lower values of contour inside the loop
indicate a valley line (Fig. 17.1 ¢ & d). Contour lines cannot cross one another or merge on the map except
in case of an overhanging cliff (Fig. 17.1 e & f). If several contour lines coincide the horizontal equivalent
to zero then it indicates a vertical cliff. Four sets of contours (shown in Fig. 17.1g) shows a saddle a
depression between summiits. It is a dip in a ridge or the junction of two ridges. Line passing through the
saddle and summits shows a watershed line.
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g) Shaddle
Fig. 17.1. Characteristics of contour lines. (Source: Mal, 1995)

After the topographic survey, proper estimation for cut and fill depths at different locations are prepared

to obtain a suitable grade with a minimum volume of earthwork. The uniform grades allow fields to be
laid out for irrigation runs of the proper length for border and ridges and furrows irrigation methods.
Land grading is also beneficial in unirrigated areas to conserve moisture. In the process of land grading,
the soil surface is formed to a predetermined grades so that each row or the surface slopes can also meet
drainage requirement. This is accomplished by cutting, filling, and smoothing to a planned continuous
surface grades with uniform slopes but not necessarily plane surfaces. In developing a land grading plan,
filling depressions with soil from adjoining mounds and ridges and establishing grade in the direction of
row grade, tillage or predominant natural slope is emphasized to minimize cuts and fills.

17.1 Land Levelling

Land levelling is the process of modifying the surface relief by grading and smoothing to a planned grade
and to certain specifications required to facilitate or to improve the uniform application of water for
irrigation and drainage purpose.

17.1.1 Criteria for Land Levelling

Criteria for land levelling depend on the soil profile conditions, land slope, climate, crops to be grown,
methods of irrigation, and the farmers’ requirement. Land levelling should never be planned without
knowing the soil-profile conditions and the maximum cut that can be made without seriously affecting
agricultural production. Land levelling modifies the land surface for efficient surface irrigation. Irrigated
land is also levelled to obtain good surface land drainage. The entire farm should be divided into smaller
field subdivisions based on natural topographical boundaries in the initial plan itself, even though only a
part of the farm may be levelled at the first instant. Each field subdivision may be further divided into
relatively narrow strips on the approximate contour to reduce the slope of safe limits and avoid deep cuts
of the surface soil. Each strip is a separate field for land levelling design. The irrigation and drainage
systems for a particular field should be taken up simultaneously. The earth work (a cut) soil can be used
as a fill (making embankment) for irrigation channel and cut soil area can be used for making channel.

a) Soil Profile Conditions

Soil profile study is desired before undertaking the levelling work. The soil profile map should depict
details of soil texture of surface and subsurface soils. This should also include physical properties
including infiltration rate, irrigation properties and the soil bulk density. The soil properties with reference
to field capacity, wilting point and bulk density are required for deciding the duration of irrigation. The
infiltration rate is required for deciding length of border & furrow and size of basins. Soil profile map
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should also provide the details of sand, depth of gravel, hard pans, rock or other material that might limit
the depth of cut, as well as the extent of such areas. Soils with deep, well drained subsoils generally have
little limitation on depth of cut. Cuts of 3 to 4 m can be made in soils with deep subsoils without
permanently reducing potential crop production (Anderson et al., 1980). Deep cuts in shallow soils may
expose inert materials which may not be desirable to grow crops. Addition of organic matter and fertilizers
in soils can amend soil condition to grow crops without affecting crop productivity appreciably. Where
deep cuts are unavoidable and the soil is shallow the harmful effects of top soil removal may be mitigated
by scraping and storing the top soil, which is then replaced by the new grade after the movement of the
subsoil material. Bench terracing in small strips minimises the harmful effects of severe top soil removal.

b) Land Slope

A good land grade is designed to achieve high irrigation efficiencies considering soil infiltration
characteristics, irrigation stream size, the crops to be grown and erosion hazard from rainfall and degree
of uniformity in water distribution. Sometimes excessive cuts are desired to eliminate cross slopes. To
reduce the extent of cuts, the field is divided into parts and the levelling is done in strips at different
elevations, separated by low ridges. This practice of grading is known as bench levelling. This type of
levelling is especially required if there is considerable difference in elevation between adjacent strips. Earth
work is done along the width of benches. The amount of earthwork is governed by the magnitude of the
diagonal slope at right angles to the direction of irrigation. Safe limits of longitudinal slope of fields for
different soil types are given in Table 17.1. (a).

Table 17.1. (a) Recommended safe limits of land slope for efficient irrigation

Type of oil Longitudinal slope %
Heavy (clay) soils 0.05t00.20
Medium (loamy) soils 0.20to 0.40
Light (sandy) soils 0.25t0 0.65

c) Cross Slope

Cross slope (slope perpendicular to longitudinal slope) is desired to reduce cut yardage or to establish the
"plane of best fit." Cross slopes must be such that "breakthroughs" from both irrigation water and runoff
from rainfall are held to a minimum. Recommended cross slopes for different furrow grades are presented
in Table 17.2. (b).

Table 17.1. (b) Maximum recommended cross slope

Furrow Grade | Cross Slope

0.1 percent 0.3 percent

0.2 percent 0.3 percent

0.3 percent 0.3 percent
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0.4 percent 0.4 percent

0.5 percent 0.5 percent

d) Rainfall Characteristics

Rainfall characteristics viz. depth, duration and frequency influence the land drainage requirement or
drainage coefficient. Land grading must meet the drainage requirements. Land grades should be non
erosive so as to dispose excess rainfall at safer velocity without causing soil erosion.

e) Cropping Pattern

The high value crops with high labourer requirement along with their sensitivity to water stagnation
justify the need for degree of levelling to reduce labour and production costs. Vegetables, oil seeds, pulses,
medicinal plants justify a high levelling cost whereas a fodder crop or some cereal crops may need a much
smaller investment as they tolerate some degree of water logging.

f) Irrigation Methods

Pressurized irrigation methods may not need high degree of land levelling, whereas surface irrigation
needs proper land grading and levelling. When several methods of irrigation are to be used in the same
field, the requirements of maximum length of run for surface irrigation methods should be worked out
based on the soil texture.

Land Clearing

The land clearing includes removal of unwanted trees, brush, vegetation, trash and boulders from the area
specified for land grading. The land clearing operation involves heavy earth moving machineries such as
bulldozers, root rakes, stumpers, root cutters, rotary choppers and other appropriate machinery.

17.2 Levelling Layout of Field for Irrigation and Drainage Systems

The location of the field boundaries, irrigation water supply system, drains and farm roads and other
physical features are required to be known prior to land levelling. The levelling plans should include
estimate of volume of earth work for cut and fill. There should be proper ratio between excavations and
fill. The plan should furnish information on soil, topography, and the requirement of the farmer. So that
alternative field plan arrangements to accommodate desired changes. The planner should consider and
visualise all possible layouts and the one best suited to the site should be selected considering water
application methods, crops to be grown and the farmer’s choice. In making layout, planner should also
consider location, size of drainage and irrigation ditches, pipelines location for water supply, easy access
of movement of farm machineries to all fields, provision for combining smaller fields to larger fields and
possibility of changing in cropping system.

Plans and Specifications

The field layout involves proper planning of field to arrange irrigation, drainage and roads for efficient
irrigation and disposal of water.

a) Field Arrangement

Laying out fields of workable size and shape is important for successful irrigation farming. The fields are
laid out as nearly rectangular as possible. Sharp turns in field boundaries should be avoided as far as

https://t.me/agricultural_eng 107 winins AgriMoon, Com



0 https://t. me/agricultural_Soilandwater

possible in order to facilitate the use and movement of farm equipment. The field length is based on the
maximum allowable length of run for the irrigation method selected. The field length may be equal to
single run length or a multiple of the run lengths. Alternatively the field lengths may be limited by
ownership boundaries. Table 17.2 provides the range of lengths for border strip and furrow methods of
irrigation.

Table 17.2. Recommended length of run for border strip and furrow methods of irrigation

Soil type Length of run

Sandy and sandy loam soils | 60 to 120 m

Medium loam soils 100 to 180 m

Clay loam and clay soils 150 to 300 m

Separation of fields will be desirable along the line of slope change. Sharp bends in otherwise nearly
straight contours indicate change in the direction of maximum slope. Separation of fields at the bend is
desirable for surface irrigation methods. Contour lines either close together or far apart may imply that
the average natural slope is either too steep or too flat. Normally the lengths of fields are kept minimum
to reduce the amount of cuts and fills required. Greater irregularity in spacing and direction of contours
may show that the topography is non-uniform to the extent that it fails to show where a separation into
tields can be made advantageously. Such areas are set apart to be graded individually as units. Excessively
irregular or closely spaced contours indicate high cost of levelling.

b) Field Road System

Field road system is made to provide access to all areas of the farm for equipment, transportation of farm
produce and operation of the irrigation system. Normally field roads are located at higher elevation than
irrigation channels and followed below by field drains.

¢) Drainage

Provision should be made to drain the excess rainfall promptly and safely. If the land is not naturally well
drained, artificial drainage must be established along with installation of irrigation system. Seepage from
over-irrigated areas at higher elevations and irrigation canals can damage lands in low-laying area.
Interceptor drains may be necessary at the upper boundaries of the low-laying area to divert the seepage
and prevent water logging. Integrated irrigation and drainage planning is often necessary for laying out a
farm area for efficient water use.

17.3 Survey and Staking
a) Land Levelling Design
In order to carryout land levelling program topographic survey is performed.

The field is divided in the grids of equal sizes. Generally grids of 15 mx15 m or 30 m*30 m are used. The
size of grid depends on degree of precision required. The grid points are located by establishing two or

https://t.me/agricultural_eng 108 winins AgriMoon, Com



0 https://t. me/agricultural_Soilandwater

more base lines in each direction then to sight in the rest of the stakes. The elevations at each stakes are
determined using the dumpy level. The normal procedure of survey is adopted for determination of
elevation. Based on the observations of staff reading, the reduced levels of the grid points are estimated.
The contour lines are drawn using the elevation values, and contour map is prepared. The field is graded
as per requirement using contour map.

b) Procedure for Determination of Centroid of a Field

The field could be a rectangular, triangular or an irregular in shape. The centroid of a rectangular field is
located at the point of intersection of its diagonals, whereas the intersection of the lines drawn from its
corner to mid points of the opposite sides of triangle is the centroid of triangular field. In case of irregular
field the area is divided into rectangles and right angled triangles for the determination of centroid. The
centroid is located by computing moments from two reference lines at right angle to each other. The
distance to the centroid of the field from any line of reference is equal to the sum of the products obtained
by multiplying the area of each part times the distance from the line of reference to its centroid, divided
by the total area of the field. By computing the distance to the centroid from two lines of reference
perpendicular to each other, the exact point of centroid can be obtained.

The following example 17.1 illustrates the procedure to compute centroid of a field.

Example 17.1: Compute the elevation of centroid of a rectangular field. Stakes are to be kept to carry out
levelling work of the field. The elevations at grid points as obtained from a topographic survey are stated
below.

Elevation of stations at lines

Stations 1 2 3 4 5

A 9.56 | 9.34 | 9.02 | 8.84 | 8.76

B 8.37 | 8.24 | 8.98 | 8.68 | 8.57

C 9.22 1 9.04 | 894 | 8.56 | 8.48

D 892 (884|876 | 831 | 8.02

Solution:
Sum of elevations of the 20 stations = 175.45 m

Total number of stations = 20
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Sum of the elevations of the grid points

Elevation of centroid = Number of grid points

_ 17545 g 77
20 m
*****@*****
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LESSON 18 Land Leveling Methods

A precise land leveling improves irrigation and energy efficiency. This also reduces labor requirement
for water application. A properly leveled land can be properly irrigated and excess water can be drained
out. However, major topographical changes in the process of land leveling may reduce crop production
in the cut areas or additional soils may have to be added in cut areas for improving soil fertility. Further
farm machineries movement compact soil and disturb soil pores and thereby reduces water movement
through side. Hence it is essential to estimate locations and volumes of cuts and fills, maintain proper
cut-fill ratio by minimally affecting the crop production and at the same time involving the less cost for
land leveling. Hence for land leveling design should be done properly. There are several methods for
land leveling design. These methods are: Plane method, Profile method, Plan inspection method and
Contour adjustment methods. The procedures adopted to use these methods are briefly presented in this
lesson.

18.1 Plane Method

The plane method is the most commonly used method of land levelling design. This method is feasible
whenever it is required to grade the field to a true plane. The procedure involves first determining the
centroid of the field as per the procedure explained in section 17.3 of lesson 17 and then determining the
average elevation of the field. This is obtained by adding the elevations of all grid points in the field and
dividing the sum of elevations by number of grid points. Any plane passing through the centroid at
average elevation will produce equal volume of cut and fill. Based on the longitudinal down field grade
and cross field grade required for the field, the elevation of each grid points are computed from estimated
centroid. The following example illustrates the method to estimate average elevation and elevation at
different grid points for a desired slope.

Example 18.1: The elevations of grid points selected at 25 m interval are determined from a topographic
survey for land leveling programme. The elevations of points are as given below in the table.

Elevation (m)
Stations
Line No. 1 | Line No. 2 | Line No. 3 | Line No. 4 | Line No. 5
A 97.30 97.75 98.30 98.52 99.40
B 96.90 97.12 97.90 97.80 98.62
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C 96.14 96.86 97.35 97.60 97.42

D 95.72 96.28 96.94 97.16 96.84

The field is to have downfield slope of 0.2%. Determine: i) elevation of centroid of the field, and ii)
formation levels at grid points and amount of cut and fill at each grid point.

Solution:

sum of elevcation of all station
Number of station

Elevation of centroid =

Total number of stations = 20
Sum of the elevations of the 20 stations = 1947.92 m
Elevation of the centroid m

The field is to be given 0.2% slope. At 50 m from the North South line passing through centroid, the
elevation of this point is 0.1 m below the centroid, or 97.296 m.

The formation of grid levels at each point are estimated as given in this table

Elevation (m)
Stations
Line No. 1 | Line No. 2 | Line No. 3 | Line No. 4 | Line No. 5
A 97.296 97.346 97.396 97.446 97.496
B 97.296 97.346 97.396 97.446 97.496
C 97.296 97.346 97.396 97.446 97.496
D 97.296 97.346 97.396 97.446 97.496
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Cuts and Fills

Cut and fill are computed by subtracting the original elevation of the point from the formation level at the
grid point. At station Al, the cut/fill is 97.296 - 97.30 = (-) 0.004. The results of cut / fill are given in
following table.

Elevation (m)
Stations
Line No. 1 | Line No. 2 | Line No. 3 | Line No. 4 | Line No. 5
A -0.004 -0.404 -0.904 -1.074 -1.904
B + 0.396 +0.226 -0.504 -0.354 -1.124
C +1.156 + 0.486 + 0.046 -0.154 +0.076
D +1.576 +1.066 + 0.456 + 0.286 + 0.656

(+ Sign indicates fill and - sign indicates cut)
Zcut=2fill=6.426 m

Computation of Slopes of Plane of Best Fit

The computation of slopes of plane of best fit is given by

E=a+S. X+S,Y (18.1)

where,

E = elevation at any point (L)

a = elevation at the origin (L)

Sxand Sy = slope in the x and y directions, respectively (L/L)

X any Y = distance from the origin (L)

The slope of any line in X or Y direction is determined by the statistical least - square procedure, (Schwab
et al., 1993). The least -squares plane by definition is that which gives the smallest sum of all the squared
differences in elevation between the grid points and the plane. It is called the plane of best fit. These slopes
can be computed from two simultaneous equations stated below
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(X2 - n X2)S, + [ (XY) - nXcYc ]Sy = = (XE) - nX.Ec (18.2)
(Y2 - nY2)Sy+ [ (XY) - nXcYc Sy = © (YE) - nY. Ec (18.3)

where
n = total number of grid points
Xc = X distance to the centroid
Y. =Y distance to the centroid

E. = elevation of the centroid (average elevation of all points).

For rectangular fields the terms involving XY become zero and

TIXE | -nkX, E
S =

] 2
> X —-nAic

(18.4)

The slope Sy can be obtained from Eq. (18.4) by substituting Y for X. Although Eq. (18.4) is valid only for
rectangular fields, a satisfactory solution can often be obtained by taking one or more arbitrarily selected
rectangular areas within the field and extending the slopes of the plane to the remaining areas.

Average elevation of the field is determined by adding the elevations of all the grids and dividing the sum
by number of points.

Example 18.2: Establish the equation for determining the elevation at any point using plane of best fit
approach for the field shown in Fig. 18.1.
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Field boundary

Grid point

—24—22——22——19 13

—26—24——24—20 19 14

| —27——29——26——23 20——16—1 4
| | *= Centroid |
| 3.75,234)

Y-Lineno. | 33 34 33 37 27——20—12
e
— 3_|4 —36 —3.|2 2|.8 2|2 1|9—1|3
L) :
A X-Row no.

Reference lines

(Elevations of different grids of field are in meter)
Solution:

The plane of best fit approach uses following equations for determination of slopes in X and Y direction.
The following table illustrates the computation procedure for determining plane of best fit.

Line No. 112314 |5]|6|7

No. of stakes in Y-direction |5 5 | 5 | 5 | 5| 4 | 3

Product of line x stake 5110|1520 25|24 | 21

In X- direction,
i) Total no. of stakes = 32

ii) Product = 120

120

3.75

iii) Average 32

Line no. | No. of stakes in X- direction | Product of line (no.) x stake (no.)

5 5 25

4 6 24
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In Y- direction,
i) Total no. of stakes = 32
ii) Sum of product is = 91

9
=2
32

iii) Average

Hence co-ordinates of centroid = (3.75, 3.84)

No. of stakes (n) =32, Xc =3.75,Yc =2.84

E=(34+32+27+....+18+14) /32=237m

YX2 =12+ 12+ 12+ 12+ 12+ 22+ + 62+ 72+ 72 + 72 = 566
nXc2 = 32 x 3.752 = 450

nYc2=32 x 2.842=258.1

Y (YE) = 204.2

nY.Ec =32 x2.84 x 237 =2154

Y (XY) = (1x1) + (1x2) + (1x3) +....(7x1) + (7x2) + (7x3) = 327

nXc Yc=32 x 3.75 x 2.84 = 340.8

Y (XE) = 255.8

nXc.Ec =32 x 3.75 x 2.37 = 284.4
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Equation (18.2) is replaced here
(EX2 - n X2%)Ss + [Z (XY) - nXcYc ]Sy = £ (XE) - nX.Ec

or, (566 - 450) S, + (327- 340.8) S, = 255.8 —284.4 (18.5)

Equation (18.3) is reproduced

(ZY2 - nY2)S,+ [2 (XY) - nXcYc [Sy = 2 (YE) - nY. Ec

or, (319 - 258.1) Sy+ (327 - 340.8) S, = 2042 - 2154 (18.6)

From Eq. (18.6)

6095, -13.85, = -11.2 (18.7)

From Eq. (18.5)

13.8S, + 116 S, = -28.6 (18.8)
Eq.18.7 138 > 840.42S, - 190.44 S, = - 165.6 (18.9)
Eq.18.8° 609 = ~840.42 S, +7064.4 S, = ~1741.74 (18.10)

From Eq. 18.9 and Eq. 18.10
6873.96 S« = -1896.3

or, S«=-0.276 /100 m

From Equation (18.7)

60.9 Sy - 13.8 x (-0.276) = -11.2

or, Sy=-0.246 /100 m

Since the plane of best fit must pass through the centroid, substituting the above values in Eq. (18.1).
E=a+SX+5Y (18.12)

or, 237=a+ ((-0.276) x 3.75) + ((~0.246) x 2.84)
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or, a=4.103m
The elevation of the origin as 4.103 m
Hence elevation at any point in the field is given by
E=4.103 -0.276 X - 0.246Y
18.2 Profile Method

The profile method of land levelling design consists of plotting the profiles of the grid lines and then laying
the desired grade on the profiles. With this method, ground profiles are plotted and a grade is established
that will provide an appropriate balance between cuts and fills as well as reduce haul distances to a
reasonable limit. It is usually well adopted to leveling design of very flat land with undulating topography
on which it is desired to develop a fairly uniform surface relief. Using profile method the designer works
with profiles of the grid lines rather with elevations. The profiles are normally plotted in one direction
with the individual profiles located on the paper so that the datum line for each profile is in the correct
position with adjacent profiles. Profiles may be plotted across the slope or down the slope. Trial grade
lines are plotted on each profiles based on the design criteria. The balance between cuts and fill is
approximated by eye and comparing the areas between the plotted profiles and the trial grade line. Usually
several trials are necessary before a satisfactory set of grade lines are attained. The volume of cut and fill
is computed and further adjustment of the grade lines is done to obtain desired cut-fill ratio for the field.

18.3 Plan Inspection Method

The plan inspection method is a rapid method. Although this method does not ensure minimum cuts and
fills or the shortest length of haul, however it gives quick estimate. This method is adapted to moderate
flatland slopes. A proposed ground surface map is overlaid on the original contour map. Hence it involves
contour adjustment using procedure. New contour lines are drawn using uniform slope and spacing
between them.

18.4 Contour Adjustment Method

A balance between the cut and fill can be approximated by maintaining the proposed contour in an average
position with reference to the original contour at the same elevation. Sum of the design cut and fills from
the stake points are compared with total and then readjusted to obtain design levels. Contour adjustment
method is adapted to smoothening of steep lands that are to be irrigated. This method demands
considerable judgment on the part of designer to keep the earthwork and haul to a minimum. The design
grade elevations are determined after a careful study of the topography. It involves trial and error method
considering down grade and cross slope limitations.

*****@*****
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LESSON 19 Contour Bench Levelling and Earthwork Quantities Computation

In this lesson, purpose of construction of contour benches, its design and computation of earth work
quantities are presented. Irrigation in undulating fields and steep slope is a very difficult task. Rainfall
erosion and moisture conservation can be controlled and retained by forming contour benches.
Earthwork computation is an important task in land levelling.

19.1 Contour Bench Levelling

Contour bench levelling is a method for cutting length of slope to a desired grade and preparing land for
irrigation. The undulated field is cut into a number of steps approximately by using contours; each step is
levelled and made as an independent area. Thus a series of steps are formed in successive elevations
around the slope. Benches are used for forming the border, furrow and check basin the slope. The contour
bench levelling provides controlled irrigation water flow on the flat slopes and for efficient irrigation.
Contour bench levelling controls erosion from rainfall, and permits soil building processes thereby
resulting in increase of fertility and improved soil structure. The flat benches provide greater opportunity
time for infiltration thereby reducing the quantity of irrigation water needed to meet plant requirements.

19.1.1 Construction of Contour Benches

The components of bench cross-section are shown through Fig. 19.1. Selecting the proper cross section for
contour benches is one of the most important steps of planning for contour bench construction.

j--—-.._

Land slope L,

¢= Area of cut F= Area of fill

¢) Cross section of bench

& v =
—t—>|
] ARNCSAN
h >,
\VFA}V!&\\ r4 -
H e
; 77

AN AN
|[é—— WZ + t + Wis—> [¢— wz—>|

Fig. 19.1. Cross section of bench and bund. (Source: Michael, 2010)

Let W be the bench width of the farmable area. This width should be such that it can accommodate the
widest of farm equipment to be used for farming.

The other parameters are:
W' = overall bench width (m)

W = width of cultivable strip (m)
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t = top width of dike (m)

h = height of dike (m)

H = vertical interval between benches (m)
Z = side slope of dike (dimensionless)

S = slope of land (dimensionless)

The relationship between W, W=and H can be expressed as:

WI=H/S (19.1)

!.'»If”—w=é’rif’+i+ﬂ
)
W 1-Z |=W+t+—
zZ
W’=:{W+E+%\” 1_ |=|W+ B+%HL
Z \1=-5/z AN

The side slopes of dike (Z) should have stable side slopes. The side slope of 2:1 is normally provided. The
area where stones are presents in the field much steeper slope can be used. Stones should be used to
support the bund. Top width of the dike, (t) should be sufficient to prevent further lowering of its height

by trampling or by other sources.

It is a usual practice to keep the top width of dike equal to the vertical interval between benches.

t=H (19.4)

Example 19.1: A trapezoidal bund of 80 m long is to be constructed having bottom width as 4 m and top
width as 2 m. The height of one end of bund is 1.2 m and that of the other end is 1.5 m. Determine the

volume of earth fill for making bund.
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Solution:
LA+ A
i i= ﬂ < I
The volume of earth fills for making bund 2
Area of one end of bund (A1) = 72(4+2) 1.2 =3.6 m?2

Area of other end of bund (Az) ="2(4+2) 1.5 =4.5m?

(3.0+4.5]
=

}
o

X

V =324.00 m3

Hence volume of earth fill = 324.00 m3

Example 19.2: The random field ditch drains are to be used for removal of drainage water. The plan, profile
and cross section are shown Fig.19.1. Estimate the volume of earth work for cutting.

o

|
Center !

line :

{ Low point :
in wet area /

/7 Plan

Profile

Cross section
anN0+40m

Fig. 19.2. Layout of random field drain for computing the earth work in cutting. (Source: Schwab et al.,
1993)

Solution:

The levelling instrument was used to obtain the depth of cut for the ditch grade of 0.15 per cent. The
procedure used to compute earth work is illustrated in the following Table 19.1.
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Cross-
Station Cut Top A Distance Volume
. . verage Cross-
e SERUTE) sectional area (m?)
m | @] (m) (m) | ofcut (m)
area (m2)

0+00 0 0 0
0+10 0.20 2.0 0.40 0.2 10 2.00
0+20 0.35 35 1.23 0.82 10 8.20
0+30 0.70 7.0 4.9 3.07 10 30.70
0+40 0.45 4.5 2.03 347 10 34.70
0+50 0.00 0.0 0.0 1.02 10 10.20

Total 85.80

The total volume of earthwork in cutting is 85.8 m?
19.2 Earthwork Quantities Computation

Earthwork quantities need to be computed for desired land levelling method and for generated cross
section. The common methods for computing earthwork quantity are: end area method, prismoidal and
four point method.

a) End Area Method

The areas of cuts and fills on the profiles or grid lines are used to compute the volume between the adjacent
profile or grid lines, given by relationship

LY

4 (19.5)

In which,
V = volume of cut or fill, m3

L = distance between profiles or lines, m
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A1 = area of cut or fill in the first profile or line, m?2

A= area of cut or fill in the second profile, m?2

b) Prismoidal Formula

A precise method of computing the volume of earthwork in land levelling makes use of the prismoidal
formula

V:(—I_rlx41+4.(4m+x42|

(19.6)

In which
V = volume of earthwork, m3
L = perpendicular distance between end planes, m
A;= area of the first end plane, m2
A, 