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11 INTRODUCTION OF IRRIGATION

1.1.1 Definition of Irrigation

Irrigation is defined as the artificial application of water to the land for the
purpose of the raising crops. A crop requires a certain amount of water at
some fixed interval throughout its period of growth. The basic objective of
irrigation is to supplement water to the land so as to obtain an optimum crop
yields. ‘
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; o~
: _'-1 12 Nccesslty of inigation

s Inadequate ralnfall

When ramfall at the place is i in adequate to meet the water requirement of the
Crops, the irrigation is necessary. This is generally for the arid and semi arj
 region. When rainfall is less. than 100 cm, 1mgatxon water is essentially
required. : : ‘ .

R-.unfall (cm) Irrigation requirement 4
i) 100 - {Rainfall need to be supplemented by irrigation
ii) |100-50 Rainfall is insufficient. Irrigation is essential
iii) |50-25 Irrigation is essentially required
iv) |Lessthan25 |No crop can be grown without irrigation -

llneven dlstrlbutlon of rainfall '

Irrigation is necessary when the ramfall in reglon is adequate but it is no
evenly distributed over the time. :

Increasing the ylelds of crops |

The yield of crops per hectare is substanually increased by irrigation as th
supply of water is properly controlled. Although the rainfall may be adequatt
for the ordinary crops it may not cater the, needs of high yielding varieties
which réquire more water. In such case, the yleld can be substantially’
increased by lrngahon. :

Growing number of crops :

The rainfall in a region may be sufficient to growth only one crop in a year
but it may be inadequate when a number of crop 2 to 3 are grown in the same
year. Irrigation is necessary if a number of crops are grown during same year
in différent crops period:

Growing perennial crops

As rainfall is not regular irrigation is necessary for the perenmal Crops.

) Growing superior crops

O For controlled water supply

1.1.3 Advantages (function) of irrigation

Every irrigation project is designed, keeping in view of its economics. There is
a capital investment on the project and future recurring charge for
maintenance and operation of the project. The advantage of 1mgahon can be
summarized in the points below:

Increasing in food production

Elimination of mixed cropping

General prosperity

Generation of hydropower

Domestic water supply

Facilities of communication (inspection roads acts as a link road for
different villages)

In land navigation

QQaQaQaQ
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Aforestation .

m)
o Flood control
"0 Insurance against drought

1.1.4 Disadvantages of irrigation

O Water pollution by seepage.

m) Irrigation may result in colder and -damper chmate, resulting marshy '
lands

w) Breeding of bactena and mosqmtoes causmg outbreak of diseases like
malaria.

0 Water logging due to over n-ngatlon.

0 Procuring and supplying m-lgahon is complex and expenswe in itself.

115 Scope of irigation

Irrigation. is the science of artificial apphcatlon of water to the land in
accordance with 'crop requirement' throughout the 'crop period' for full-
fledged nourishment.of the crops. Not only that, it deals with all dimensions
extending from the watershed to the agriculture farms. Broadly the scope of
irrigation can be divided into the followmg categories:

i) Englneerlng aspect ;
Storage, diversion and lifting of water.-
Conveyance of water to agriculture lands..
‘Application of water to agriculture lands.
" Development of water power.
Dramage and rehevmg water logging.

ii) Agflcultural aspect :
0  Depth of water

0 Distribution of water
O Capacity of soil and flow of water
-0 Reclamation of lands ‘

12  HISTORY OF IRRIGATION DEVELOPMENTS IN NEPAL

The development of irrigation has long history in Nepal. Annals show that
irrigated agriculture was practiced in Nepal as early as during the era of
Gautam Buddha and some story indicates he had involved himself in
resolving disputes amongst irrigators. For systematic study, the history of
irrigation development in Nepal can be divided into four phases as:

i), Primary phase or period prior to planned development i.c., before 1956
i) ‘Infrastructure development phase (1957-1970)

iii)  Intensive development phase (1971-1985)

iv)  Integrated development phase (1986-date)

i) Primary phase

Irrigation facilities constructed in the Kathmandu valley durmg Licchavi and
Malla period such as Raj kulos of which the traces are still found are fallen
under primary phase. Well known king of Gorkha, King Ram Shah had
special contribution in irrigation management aspect by empowering local
people" in irrigation dispute resolution: During Rana regime, Chandra

“DEICICID
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Shamsher had developed Chandra canal system in 1928 with assistance g
British engmeers The main irrigation facilities during primary phase ar
Juddha canal in Sarlahi district, Jagadispur irrigation system in Kapilvast,
district, and Pardi irrigation system in Pokhara. :

i) lnfrastructure development phase

Irrigation facilities developed in first, second, third plan penods fall und¢
this phase. Different irrigation system were built with the co-operation fror
India and USA. Some noteable irrigation system were Tika Bhairav, Mahade
‘Khola, Budhanilkantha irrigation system in Kathmandu valley, Vijayapu
irrigation sytem in Pokhara valley, Khageri (Chitwan), Kamala and Hardinat'
(Dhanusha), Kodku-Godavari (Lalitpur), Pasupati (Kathmandu), Tinas
(Rupandehi). Apart from these irrigation systems, which were developet
under Koshi and Gandalq treaties with Indla, were also constructed durine
this phase. ; A s _

iii) Intensive development phase
- During fourth, fifth and sixth plan period multilateral donor agencies lik-
World Bank and ADB came forward in aid of Nepal in irrigatior

development. Development of Kankai and Mahakali-I, irrigation projects
initiation of command area development in Narayani zone irrigation systen'

etc. were carried out with assistance of donor. During plan periods care Nepz

- had assisted to develop a number of small irrigation system covering a total o:
10,000 ha. Bhairawa-Lumbini ground water, Marchawar lift and hill irrigatior
projects were also initiated in these phase. '

iv) Integrated development phase

From the seventh plan onward i.e., since the mid elghtles there has been @
major paradigm shift in irrigation development. Construction oriented
development has been given less importance leaving Bagmati, Babai
Mahakali-II and very recent Sikta irrigation projects aside no other major
projects were taken up. Rehabilitation of small farmers canals were given high
priority under sectoral approach. Different projects like irrigation sector
project, second irrigation sector project and community managemen!
irrigation projects were implemented on this phase.

1.2.1 Categories of lrrigation Scheme

i) Extensive development schemes (ED)

All schemes having primary and secondary canal but lacking tertiary cana
system. Service block size 300 to 500 ha,

ii) Intensive development scheme (ID)

All schemes having primary and secondary canal and tertiary canal systen
Service block size 30 to 50 ha.

jiii)  Command area development schemes (CAD)

All scheme 1D plus quanternary, service block size 3 to 5 ha,

Large irrigation project
1. Mahakali irrigation project
2 Gandaki irrigation project
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3.  Koshi irrigation project .
Nepal's largest project.
O Sunsari Morang irrigation project

Medium lrrlgntion project
Babai
Sikta
Marchawa

13 STATUS AND NEED OF IRRIGATION IN NEPAL

Irrigation is a very ancient science. Since ancient times farmers are using their
own source, knowledge and techniques for construction of different types of
irrigation system in Nepal. However, the construction of modern irrigation
system started in Nepal in 1922 A.D. all the irrigation system were developed,
" operated and maintained by farmers themselves and called farmers managed
irrigation system (FMIS). From 1922 to 1957, government made little effort to
develop irrigation infrastructures in Nepal. Chandra nahar, juddha nahar,
Jagadispur jalasaya, Phewa badh are the few examples of projects develops in
that periods. However, irrigation infrastructure development has given high
priority since 1957, the milestone of the beginning of periodic plan in Nepal.
Out of the total 14.718 million hectare area of the country only 2.641 million
hectare area is available and 1.766 million hectare land is irrigable. 76% of
potential irrigable area lies in the terai region.

At the end of fiscal year 2065/066 out of the total irrigated land, the area
covered by different methods is as follows:

Surface irrigation = 6,66,873 ha

Underground irrigation = 2,80,682 ha

Farmers water course = 2,80,041 ha

Total irrigated area =12,27,596 ha

Total area = 1,47,181 km®

Total cultivated area = 2.6 million ha

Total irrigable land - = 66% of cultivable land = 1. 7 Million ha

Total irrigation facilities = 60% of irrigable land = 1.06 million ha

" More than 80% people of country directly or indirectly depends upon
agriculture for their existence irrigation facility are developed only in terai but
small and negligible in hilly region.

14 CROPS THEIR SEASONS AND PERIODS [CROPPING PATTERN
RND INTENSITY)

From the agricultural view, the year can be divided into two pnnc1ple
G'Oppmg season Rabi and Kharif crops season.
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i) Rabl crops season (ut Oct to 31 March)

Rabi crops are wheat barley, gram, mustard potatoes etc.; also called winter

crops. .

i)  Kharif crop season (1* Aprll to 30'" Sept.)

Rice, maize, jower, cotton, tobacco, and groundnut, etc,; also called summer
crops.

Kharif CI‘pOpS require about two to three tlmes the quantlty of water required

by the Rabi crops.
Crop period is the period within whxch 1t covers the land space The time

period from seeding to harvestmg of crops is called the crop period.

15 COMMANDED AREA AND IRRIGATION III'I'EIISITY

Commanded area can be categonzed in to two types

i) Gross commanded area (GCA) .

It is the total area bounded within the n'ngahon boundary ofa pro;ect whiche

can be economlcally irrigated without considering the limitation of the
* quantity of available of water. It includes both the cultivable and uncultivable

area. For example residential area, roads, grounds, ponds, etc. are the

uncultivable area of the gross commanded area. 2

i)  Culturable or cultivable commanded area (CCA) - -

Culturable area is the cultivable part of the gross commanded area, and
includes all the lands of Gross commanded Area (GCA) on which cultivation:
is possible. It will be thus, mclude pastures and fa]low lands which can be*
made cultivable. : -

Intensity of irrigation

The percentage of CCA proposed to be m'lgated in a given season is called
irrigation intensity of that season, or seasonal mtensxty of irrigation. For
examples the sanctioned intensity of irrigation under BIP (Bagmati irrigatior
project) is only 27.6% for Kharif season and 34.4% in Rabi season.

Annual Intensity of lrngahon (All) = Sum of irrigation intensities of
each seasor’

In above example;
All = 27.6 + 34.4 = 62%

1.6 METHOD OF FIELD IRRIGATION AND THEIR SUITABILITY

Irrigation may be broadly divided into followings;

1) Surface Irrigation
In surface irrigation methods, the water is directly apphed to the surface 0
the land. It is further classified as follows;

a) Flow imigation

When water is available at a higher level and it is supplied to lower level by
mere action of gravity then it is called flow irrigation. It is further sub dividé*

as follows;
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4. - Perennial irrigation
In perennial system of irrigation constant and continuous water supply is
assured to the crop in accordance with requirement of crops throughout the
crop le'lOd

2. Flood irrigation

This type of irrigation is also called inundation irrigation. In this method of
irrigation soil is kept submerged and thoroughly flooded with water so as to
"cause saturation of land.

b) Lift irigation
If water is lifted up by some mechamcal or manual means such as by pumps
etc and then supphed for irrigation then it is called lift i 1mgat10n :

ii) Sub-surface irrigation

It is termed as sub-surface irrigation because in this type of irrigation water
does not wet the soil surface. The underground water nourishes the plant root
by capillarity. It may be classified as;

a) Natural sub—surface irrigation

When underground irrigation is achieved SImply by natural processes
without any additional extra efforts it is called natural sub surface n'ngahon.

b) Arificial sub-surface imigation

When a system of open jointed drain is artificially laid below the soil so as to
supply water to crops by capillarity then it is called. arhﬁaal sub surface
irrigation.

There are various ways in which the irrigation water can be applied to the
fields. Their main class1f1cat10n as follows;

Free flooding

In this method, ditches are excavated in the field, and they may be elther on
the contour or up and down the slope. Water from these ditches, flow across
the field. After the water leave the ditches no attempt is made to control the

flow by means of levees.
- o Suitable if the land is irregular and water is inexpensive, and
abundantly available.
o Most inefficient resulting non uniform distribution and considerable
loss of water.
o This method involves less labour because no land preparation is done
in the form of leaves, field ditches, grading, etc.
Subsidiary ditch Outlets
b o
supply “
ditch l
*W

Figure: Free flooding
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Border ﬂOodlng ‘

v
v
{
v
¢
'

N,
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ngm Boarder ﬂoodmg

In this method land is divided into a number of strips wnth the help of low
levees called borders. The length and slope of border strip are dependent o,
soil type, as the velocities should not be as large as to cause erosion ang,
should not be small as to result in very uneven depth of infiltration from head
to tail of the strip. '

Water turned in to upper end of each stnps ﬂows slowly towards the lowe
end.

o Relatively efficient, rapld and easy
O Suitable for some close growmg crops and row crops

o Suitable for wheat leafy yegelabl&s barseem and other fodders, etc.

Check flooding -

Check flooding is similar to fnee ﬂoodmg
except that the water is controlled by
surrounding the area with low and flat -
levees. Levees are generally constructed ..
along the contours of vertical interval 5-10 -
cm. Each compartment is essentially level.
This result in more even spread of water
and avoid wastage. However, some loss of
cultivated area occurs. It requires constant .
attendance and work during irrigation.

O  Suitable for both permeable and nmpermeable soil.

0  Water can hold for a cerfain time and allowed to percolate.
3 Suitable for large discharge and level plots.

Basin flooding

/) i, 7
. 'IIIIIIIIIIIIIIIIIIIIIIIIIII’I

Figure: Check flooding
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- “This method is a specxal type of check flooding and is adopted specially for
orchard trees. One tree is generally placed in the basin and surface is flooded
by ditch water suitable for root of trees.

Pun'ow]n'lgnﬂon method =

This method involves applymg water to : © Crops

the furrows (a .series of long narrow _ . T, Forvow ar fleld ditch

channels)hhehvemthemwSof’tlte 1‘%1%}1‘%&1
t

plant to be irrigated. Due to percolation
water reaches to the root of plants. In 1%51 %51

this method, water is not applied to the 1%?’1%51‘%51
entire surface area of land and hence —> —> —> —> —»> —> —>

evaporation losses ‘are less. It is' an ' Figure: Furrow method

excellent method for row crop like groundnut, tobacco, cotton potatoes

cauliflowers, etc. In thls method, less evaporatnon takes place since (2)

@) landsuﬂacelswettedbywater

Sptlnhler irrigation method

Applying water in the form of raindrop in case of quantity of water is low and
pressure is high known as sprinkler irrigation method. It is costly method but
irrigates different topography and slope efficiently. -

v Pmsum gauge
QRC pump connector
Sprinkler (metal nozzle) or sprinkler (plastic nozzle)

b coveritngs
s Ql((« e.‘d cap . RPACRAN A S T AT AL A

Figure: Sprinkler irrigation

Advantages of sprinkler lrrlmhlon method

0  Seepage losses which occur in the earthen channel of surface irrigation
are completely eliminated.

0  Land leveling is not required.

O  No cultivation area is lost for making ditches.
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Pv.mhzercanbe umfonnly applled. :
Th:sme&odpreventswaterloggmgand sahmty
Up to 80% efficiency can be achieved.

Dbaduntqs of spflnhlu- irrleatlon method

Qoooaaao

Eﬁ'ectofpressme. W
Effectof wind. - .

Leaf scorch due tosalt.
Clogging of nozzle. e
Erﬂ'gyorpresurelsreqmred.
Frequent supervision required.

Limitations of sprlnkla- irrigation method

g

High wind may . distort SPrmkler pattern causing non uniforr s

‘ spreading of water on the crops.

o In the areas of high temperature and high wind velocity, considerablyy

. evaporation losses of water may take place.

O - They are not suitéd to crops requiring frequent and larger depths 1
irrigation such as paddy. .

0O  Initial cost of system is very }ugh, and system requires high technicz :
skill.

O It requires larger electnml power

o A constant water supply is needed for commercial use of equipment.

a Heavy soil with poor intake cannot be irri_gated efficiently.

Drip irrigation method

Water applied in the form of drop directly near the base of the plant is know" *
as drip irrigation method. This method is suitable where scarcity of water. It P e
also known as trickle irrigation. Drip nozzles are the small orifice made on the”
pipe network buried under the surface pmviqmg water to the root zone of th *

plants and crops.

ot uu-v.ﬁrtﬁnhn —=
L2282 -

‘ ’-ﬁmiﬁ‘ o
| s ./’ : Noiywhe / atera Oripper /Emitter
e QP
g vﬁslrn:_br-ipixﬁgation



Choptor 1: Introduction of Irrigation | 11

‘Advantnm ol' drlp Irrlqatlon method s

o . Ithas very lugh water apphcatlon efficiency (more than 90%).
0  The evaporation losses from the land surface are quite low.

O The deep percolation losses are entirely eliminated.

o It is quite suitable for small trees and w1de1y spaced plants

Dlsadvantaﬂes of drlp lrrlgatlon method
o It is expensive method.
0O There are mamtenance problem because of cloggmg of small pipe and
~ opening of emitter by clay and silt parhcles ,
o It is not suitable for closely spaced crop such as ‘wheat.
-0 Because on]y a_part of soil is wetted root growth is sometime
mhlblted

11 .MWI\HTAGES AND DISADVANTAGES OF SIIIIFM}E AND SUB-
- SURFACE IRRIGATION ME'I'IIIIII : |

i Surface mgahon 1. Sub=surface irri‘gatio'n' rEA:
i) |Advantages : Advantages :
' 0. Less initial cost " 0 No wastage of water .
O Not highly skilled man O Control over water
| powerisrequired :
O Not _ highly developed m Less change of erosion of
technology is reqmred soil :
O Easy to supervise 0 Chances of destruction is
; - less
ii) [Disadvantages Disadvantages
"~ |3 No control over water O Initial cost is more
O Wastageof water . |0 Highly skilled manpower is
e required 4
O Chances of waterlogging [ Highly developed
' . technology is required
O Crops may suffer from |3 Itis difficult to supervise
excess water AL
0 Level tract of land is
required
O Chance of erosion of soil

18 ' QUALITY OF IRRIGATION WATER

Just as every water is not suitable for human beings, in the same way, every
water is not suitable for plant life. The water containing impurities which are
injurious-to plant growth is not satisfactory for irrigation and is called the
unsatisfactory water.

The quality of suitable irrigation water is very much influenced by constituent
of soil which is to be irrigated. Particular water may be harmful for irrigation
on particular soil, but same water may be tolerable or even useful for
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irrigation on some other soil. The various mpunhes, ‘which make the water
unfit for irrigation are as follows: ‘ :

i)

ii)

iv)
v)

i)

19
o

O
o

Sediment concentration in water

Total concentration of soluble salts in water

Proportion of sodium ijons to other cations-

Concentration of potentially toxic elements prmt in water

Bacterial contamination

Bicarbonate concentration as related to concentrahon of calcium plus

magnesium
PLANNING OF Illlﬂ'ﬂﬂﬂ ﬂ.llﬂ'l'

Main objective of planning i is to match water avarlablhty wrth demand

as closely as possible.

Planning is always before the mplemerltahon or operahon of work.
Planning of irrigation requires study of; .

>  Estimating water availability.

»  Crop planting technique. - '

»  Estimating irrigation demand for the planned crops

»  Matching supply and demand. : .

1.9.1 Stages of planning

D

i)

Planning is a stepwise process and it has the followmg stages

Primary planning ,

0 Reconnaissance and prefeasrblhty
O Location of head works

0  Availability of water

Feasibility study

O  Economic analysis

0  Sustainability study

0  Benefit cost ratio (BCR) > 1 _

0 lntemalrateofrehnn(lRR)>1([nterestofbank) '
Final design ' I

0  Final design of irrigation structures and canals.

Factors to be considered during planning Stages are as follows;

Type of the project and general plan to irrigation

Location, extend and types of irrigation land

Crop water requirement

Culturable area

Cost of work

Needs of immediate and future drainage
Evaluation of benefits

Method of financing

Type and location of engineering works
Annual cost of water to farmer
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PROBLEM 1

Justify the nee(l of irrigation development in Nepal. Deﬁne cropping
intensity and irrigation intensity. S

Solution:

Nepal is an agricultural country About 65% of the total populations are
~ engaged in agricultural for survival. On the other hand, there is no scarcity of
water in Nepal because of the presence of bulky natural water resources.

Based upon above two facts, and also the following scenario of present Nepal,
ungahon is very much needed: ‘

i Uneven distribution of ralnfall

Rainfall distribution in Nepal is not uniform all over the country. There may
be surplus water at a region and deficit at the other. So, to manage this
problem, in'igation development is necessary in Nepal.

ii) lncreaslng the yield of crops

Fertility characteristics of land alone are not sufficient for better yield of crops.
There are such zones in Nepal where no irrigation facility but fertile soil is
present. So, to increase the yield of crops through combine effort of irrigation
water and fertile soil, well developed irrigation system is necessary.

iii) To grow number of crops

Seasonal variation within a year is better in Nepal i.e., four seasons (summer
winter, spring and autumn). With well manipulated irrigation, water we can
grow and earn more number of crops within a year.

iv) - Inadequate rainfall

There might be scarcity of water at Terai belt due to inadequate rainfall. At
the same instant there might be surplus water available at hilly region to
irrigate the land of terai. So, to overcome the inadequate rainfall and fulfill the

water requirement of crops, well grappled irrigation system is necessary.

v) Sound economic growth

With all the above problems solved through well addressed irrigation system,
the economic growth can also be accountably increased 1l0nb with the
increase in crop production.

Moreover, other reasons for irrigation development are:
i)  Growth of agro-based industry

ii)  Utilization of natural water resources

iii) Increase the employment

iv) To conserve the cultivable land

v)  Todevelop the scientific agricultural concept

Cropping intensity
It is defined as the ratio between net sown area and gross cropped area.
Mathematically,
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‘Gross crclpped aréal g
‘ “Netsownarea 100 ,
The croppmg intensity therefore, refers to ralsmg a number of crops from the
same field during one agncultural year : :
Irrigation intensity : ' pd g
'I'he percentage of CCA proposed to be 1rr1gated annually is called 1rngahon
- intensity. By knowmg the irrigation intensity for a crop season the area to be
irrigated during that crop season can be determined. '

: Croppix{g inte’nsity =

PROBLEM 2 e
Discuss the advantages and duadvantages of spnnlder and dnp n'ngatmn

| [2071 Magh]
Solution:

- Applying water. i in the form of drop in case e of quantlty of water is low and
pressure is high known as sprinkler irrigation method. It is costly method but
irrigates different topograpmes and slope eff1c1ent1y

Advantages of sprinkler Irrlgatlon g ;

* i) Control over water-
i) Savingof water
iii) Saving of labour
iv) Efficient use of land
v)  Protection of soil and crop from the extreme weather condmons
vi) Efficient use of land ‘
vii) Frostand climatic control
viii) Prevent water logging and salinity -,

Dlsadvantages of sprinkler irrigatlon -
i)  High cost
ii) - Effect of pressure
iif) Leaf scotch due to salt
iv) Cloggingof nozzle
'v) _ Energy or pressure is required
vi) Frequent supervision required
 Drip Irrigation
- Water applied in the form of drops dlrectly near the base of plant is known
drip irrigation method. This method is suitable where water is insufficient.

Advantages of drip Irrigation

e i)  Ithas very high water application efficiency (more than 90%).
i) The evaporation losses from the land surface are quite low.
iii) The deep percolation losses are entirely eliminated.

iv) It is suitable for small trees and widely spaced plants.
Disadvantages of drip Irrigation

i)  Itis an expensive method.
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ii) There are maintenaﬁce problem because of ‘clogging of small pipe and
. opening of emitter by clay and silt particles.
iii) Root growth is sometlme inhibited because certain parts of so:l are
wetted.

PROBLEM 3.
Discuss the status of u'ngatlon in Nepal: - [2072 Ashwin]

~ Solution: See the definition part 1.3
- PROBLEM 4

Define i nfngatxon Write the hutory of irrigation development in Nepal.
[2014 Semester fall: Po.U.] | .

Solution:
Irrigation »
- See the definition part 1.1.1

History of irrigation developmem ln Nepal :
See the definition part 1.1.2

PROBLEM 5 _
| Write short notes on: FMIS in Nepal

Solution:
The abbreviation FMIS stands for farmer's Managed Itngatlon System. FMIS
have prevailed in Nepal for many centuries. The FMIS systems are operated
and maintained solely by the community farmers or an individual family. The
infrastructure in FMIS Nepal were mostly built from the local materials of
mud, stone and forest product with rudimentary traditional methods,
practiced over many centuries. Mostly, these FMIS are location specific,
indigenous in their management practices and representative of the local
organizational needs and services deliver. FMIS symbolizes grass root
democratic institution where community takes responsibility of natural
resource management and allocation. In this country, farmers are collectively
engaged in irrigated agncu]tural development as an enterprise since time
immemorial. There are thousands of FMIS in the country. Some notable
examples of FMIS are Raj kulo of argali, and Chherlung of Palpa District and
“the Gyandhi irrigation system fo Palpa district. The FMIS provide irrigation
services to 70% of country's total irrigation services to 70% of country's total
irrigated area of little over of 1.2 million hectare. Hence, FMIS have gained on
their own status that symbolic of the national heritage in Nepal, special
feature of FMIS are as follows;

High mountain

The jntake diversion is of rock fill with mud mortar walls and canals have
slate lining with mud mortar base. A water reservoir is built in the vicinity of
village, the main problems in the canal are leakages due to highly porous
strata and only 10% of flow is received at the command area.
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MID hills ) PROBLEM 7 , 7
The FMIS in the mid-hills consists of snmple brushwood diversion and op,  [The field capacity of soil is 40%, permanent wilting point is 20%, density

earthen canal. Usually mud and shrubs are used to control leakage in cany | of goil is 1.2 gm/cc, effective root depth is 90 cm, ET crop is 10 mm/day.
Calculate the irrigation interval (IR) if the readily available moisture
Teral ‘ 4 (RAM) is 75% of available soil moisture capacity and show AMC, RAM and
In the terai the diversion structures are usually built with an earthen by, |irrigation interval of graph of available moisture and time. [2075 Baishakh]
with shrubs, logs and stones where available. Praganna irrigation systemy  Solution:
Dang Deukhuri and Siyari irrigation system of Rupandehi Districts aresop, ~ Given that;

system.

. examples of FMIS in Terai region. ‘ Field capacity (F.C.) = 40%
Problems in FMIS raised by farmer's are: " Permanent wilting point (PWP) = 20% -
1.  Inthe hills and mountains . Density of soil (yq) = 1.2 gm/cc
i)  Water acquisition and protecting intake structure from flash foy Effective root depth (d) =90 cm = 0.9 m
5 and river bed load.. ) ETqop = 10 mm/day
ii) Seepage problems in the feeder and main system RAM = 70% of AVM

‘iii)  Siltation problems in the feeder canal

iv) Landslide bank failure Irrigation interval (IR) = ? -

- v)  Riverencroachment * Now,
- vi) . Water distribution Available moisture capacity = F.C. — PWP
vii) Largeriver crossing ! . =40-20=20%
2. Inthelowland terai Readily available moisture = 0.7 X 20% = 14%
" i) - Abstraction from river o 12 %09
i) Canal bank overtapping . Depth of water for consumptive use = 10 <014
iii) Siltation. ' =0.1512m -
iv) Seepage =151.2 mm
v)  Canal side slope instabili
) i Y Irrigation interval = %})2- = 15.12 days

vi) Inundation from natural command area and dralnagc fres
command area.
- vii) Water distribution

AVM =151.2 + 64.8 = 216 mm

4

PROBLEM é _
Why is irrigation development important for Nepal? Define cropp
pattern and cropping intensity. [2074 Bhadi

Solution: S :

Importance of irrigation development'ln Nepal

See the solution of Q, no. 1

Cropping pattern o ' . !

Cropping pattem is defines as the production of area under various crops’
- point of time. It is very dynamic parameter because there is no ideal p2*

for all times to a particular region.
~Rabi (winter) crops and kharif (summer) crops are the particular exanf’

cropping pa!tem _
" Penpnlnd intensity

RMC=14% =151.2 mm

AVM

6% =648 mm
; —— Wilting point

Moisture content —>
Field capacity

Hygroscopic water 20% =216 mm

A P

Time —

PROBLEM 8

Define irrigation. What are the advantages of irrigation? Describe the
[2076 Baishakh]

scope of irrigation in Nepal.
Solution: See the definition part 1.1.1,1.1.2,1.1.3 and 1.15




A ' | s ko il of Wigolloh Engineering {Bachelor of Engineering) : Chopter 1: Introduction of Inigafion [ 19

[

PROBLEM ¢ ' PROBLEM 10
mn@wmmﬂw-ﬁyhmwumh Write the different methods of surface and sub-surface irrigation and
this sector? Give our own reasons. [2076 Bhadry)| ' | explain about furrow irrigation with their suitability. [2077 Chaitra]

. Solution: Solution: See the definition part 1.6
" Though Nepal is an agricultural Counlry agricultural sector is not developeg PROBLEM 11
as expected.
' Following are the ot agi s cultural back iness: mhln the M‘: irrigation devdopmzn:’i:’ Nepal. Ducn‘be about

L Lack of proper irrigation system [2078 Baishalh]
»  Farmers have to depend hxghly on monsoon rain which is n Solution: See the definition port 11 12,13 and 1.6 )

_reliable .

» .Hardly about 20% of total Jand under cultivation has good
irrigation system ]

» In winter much of farm land remain unused due to lack of
irrigation facilities.

> In monsoon landslide and floods damage the crop.
ii) Tradxhcmal farming : !
»  Due to traditional farming work is very difficult and productivity
“isvery low. .
»>  Agricultural tools are not advanced ' ‘ o _ . . ‘
fii) [ackofu';n;sportandmrket. ' ' '
» Due to lack of market, transportation or storage facilities agro
.. based prodnd rot in the place where they are grown.
»  Difficult to provide facilities related to agriculture (tools, plats,
equipment, etc.). Due to lack of transportation
7v) - Unscientific distribution of land
»  Those who are actual farmers don't own land at all while those
who don’t even tread hold large area of land and leave barren.
> Over fragmentation  of agricultural land into small “parcels
resulting low productivity -
v)  Poor economic condition of farmers
»  Most of Nepalese farmer are subsistence farmers compelled to take
loan even to run their family, though it's not easy to get loan from
" bank for actual farmer without good mortgage, interest rate is high
In such condition most of farmer cannot afford new technolog
and machinery. :
vi) Unavailability of fertilizer on time of demand
vii) Poor agricultural insurance mechanism
viii) Climate change-as new emerging problem
ix) Lack of research activities
Not enough researches and experimems to find the best crops and the b
rlimate and best soil type. : ’
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‘21 GHERAL

‘Water requirement of crop
Every crop requires a certain quantity of water after a certain fixed intervy)
throughout its period of growth. If the natural rain is sufficient and timely,
irrigation water is required for growth of crop.
Water requirement of a crop is defined as the total quantity and the way i
which a crop requires water, from' the time it is shown to the time it j
harvested. The water requirement will vary with the crop as well as with the
place.Depuﬂhlguponuxevaﬁaﬁalsindimahes,typsofsoﬂ,mhodq
cultivation and useful rainfalls, different crop will have different waty
i and some crop may have different water requirements 3
different places of the same country. Numerically, water requirement can be
defined as sum of three entities viz consumptive use (A), application ang
conveyance losses (B) and other special needs (C) ie.,
WR=A+B+C
The time period that elapses from the instant of its showing to the instant o
iBlm'vesﬁng'scalledﬁleaopperiod_Theﬁmebetwem\ﬂieﬁrstwateﬁngd
a crop at the time of its showing fo its last watering before harvesting is calle¢
base period or base of the crop. Base period is slightly less than crop period
but for all practical purposes they are taken as one and the same thing an
expressed in days. The term growth period, crop ‘period, base period ‘an
, each representing crop period and represented by B (in days). Th
base period of Kharif crop is 183 days and 182 days for Rabi crops.
2.1.1 Duty and Delta of aop '
- Defta (8) , _
Delta can be defined as the total depth of water required by a crop to comet
maturity. It can be defined as the total quantity of water supplied lo irrigat
certain area o obtain maximum yield ie,, the ratio of volume of water to th
area of land irrigated by it is known as delta. Its unit is 'm’ or ‘cm’". It depend
on the amount of each watering and the interval between successive walerin;
the base period.
Delta is stated with the reference to the place at 'which it is measured, that
delta at farm, delta at outlet, delta at distributary head, delta at the head ¢
main canal. Below table indicates the average value of delta for certal
important crop.

Crop Delta (A) on field
Sugarcane 120 cm (48)
Rice 120 cm (48")
Tobacco 75 cm (307)
Garden fruits 60 cm (24")
Cotton 50 cm (227)
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[Vegetables 45 cm (187
Wheat - 40 cm (167)
Barley 30 cm (127)
(Maize 25 am (107)
[ Fodder 225 cm (97)
[ Peas - - 15cm (6%)
Table 2.1: Average delta for certain crops
Duty (D)

Duty of water is the relation between the area irrigated or to be irrigated and
the quantity of water used or required to irrigate it for purpose of maturing its
crop. It can be defined as the number of hectares of land irrigated for full
growth of a given crop by supplying of 1 cubic meter of water per second
flowing ‘continuously for the base period (B) of the crop. Its unit is
hectares/cumecs.

Gross duty

It is the duty of water measured at the source of diversion of irrigation
supplies. .

Nominal duty I

It is the duty sanctioned as per scheduled of an irrigation department.
Economic water duty

It is the duty of water which results in the maximum yield;

i) per unit area when land is limiting factor and -

ij)  per unit of irrigation water when water is the limiting factor.

Designed duty

It is the duty of water assumed in an irrigation project for designing capacities
of the channels.

. The average values of certain crops are tabulated in table 2.2.

Crop Duty in hectares/cumec
Rice 775
Other Kharif 1500
Rabi - 1800
Perennials 1100
Hot fodder 2000

Table 2.2: Average approximate value of duty for certain crops

2.1.2 Relation between duty, delta and crop period

Let a crép of base period 'B' days and suppose that one cusecs of water be
applied on this crop in the field for 'B' days.

Now, the volume of water applied to this crop during B days is;
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Vv =QT ;
=1m’s~" x Bdays
: =1m%™ x B x 24 x 60 X 60 sec.
& V= 86400 md : :
By definition of duty (D) one cubic meter supplied for B days mature |,
hectares of land. ﬂnsquanulyofwalet(\l)mammDhectamso land o,

: ]0‘ D m? of area. L
me -
Total deplh of water applied on thisland = —%—
86400 B_8. 648
10'D D

By deﬁmlwnlotal depth of water called delta (4).

8.64B
.‘. ‘_-—D—m
' 864B
or, A= cn

where, B is in day, D in hectares/ cubic meter.
'21.3 Factors affecting duty
The various factors affecting duty of water are as follows:

D  Typeofcrop

Different crops require different amount of water and duties for them a,
different. Duty of water for a crop requiring more water is less and vice very, *
Obkuslydulyafwah:rfornoerslessﬂmthatforwheat_

ii) Useful rainfall

If the rain falling directly over the irrigated land is useful for the growth of th
crop, then less irrigation water will be required to mature the crop. Mor
useful rainfall less will be the requirement of irrigation water and hence mor
will be the duty of irrigation water.

i) Type of soil

- Evidently porous soil under a crop has less duty due to high absorption los.
- Duty of water is more in heavy (clay) soil than light (sandy) soil.

i) Caltivation method .
Pmpeﬂy ploughed and tilled field before irrigation retains higher amount o

" water in its saturated zone then by reducing the number of watering a’

increasing the duty. More efficient the culhvahon method, higher is the duty.

v) lﬂhod of water lpplluuon

The more efficient the mode of application of water, higher is the dufy
Floodmg irrigation system has lesser duty than furrow irrigation.

vi) . Topography of land

* A level field means uniform application of water, but if it is not leve), ¥
portions receive more depth of water than higher level portions which impli®

wasteful use of water and hence less duty. Properly leveled field means M
economical use of water and high duty.

. =
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vil) Condition, type and location of canal

If canal is in good condition and properly maintained the duty is more
compared to that in different condition and poorly maintained.

2.1.4 Methods of improving duty

The various methods of improving duty are as follows:

i) Land should be properly ploughed and tilled.

ii) Correct quantity and timing of water application mean higher duty.

' Drip irrigation is most modern and efficient water application method.
Canals should be lined to cut down transmission losses in the canal
system. Higher velocity in lined section also results in reduced
evaporation losses. ,
The canal should be nearest to the command area so that idle length of
the canal is minimum and hence reduced transmission losses.

v) Good quality of water should be used for irrigation.

iv)

vi)  Rotation of crops should be practiced.

vii)  Volumetric assessment of water is enforced so that efficient and
economical use of the canal water is made by cultivators.

22

CROP WATER REQUIREMENT [PENMAN METHOD)

i) Consumptive use (Cu) ’

Considerable part of water applied for irrigation is lost by evaporation and
transpiration. The two processes being difficult to separate are taken as one
and called evapo-transpiration or consumptive use. Consumptive use for a
particular crop may be defined as total water used by plants in transpiration
(building plant tissues etc.) and evaporation from adjacent soil in any
specified time. The consumptive use (Cu) varies with temperature, humidity,
wind velocity, soil topography, sunlight hours, available moisture, method of
irrigation, depth of water applied for irrigation, cropping pattern, seasons,
mean monthly temperature.

Factors affecting consumptive use

Consumptive use or evapo-transpiration depends upon all those factors on
which evaporation and transpiration depend; such as temperature, sunlight,
humidity and wind movement, etc.

i) Potential evapo-transpiration (PET)

When the sufficient moisture is available to completely meet the needs; the
vegetation fully covering an area, the resulting evapo-transpiration is called
PET. PET critically depends on the climatological factors rather than
characteristics of plant and soil.
lil)  Actual evapo-transpiration

The real PET occurring in the field is called actual evapo-transpiration
(AET).The AET is largely affected by the characteristics of soil and plant

2.2.1 Penman equation
Penman gives theoretical PET for his reference crops.

e
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_AH, +Ey
E = Aty

where, E, = Daily potential evapo-transpiration.
A = Slope of the saturation vapor pressure Versus temperatur,
curve at the mean air temperature.
Hn=Nﬁhromh:gsohxmdiaﬁmormgyaprmedhnunof
evaporable water per day. :
E, = Parameter including wind velocity and saturation deficit i
mm/day.
y = - Psychometric constant = 0.49 mm of Hg/°C.
H, =Hc(1-1) (a +by) - oTi(056 - 092/e,) (0a +09y)
where, H- = Mean incident solar-radiation at the top of the atmosphere on,
horizontal surface, expressed in mm of evaporable water per
. day.
r= Reflection coefficient (albedo) of the given area.
a= Constant depending upon latitude (¢) and given as; a=
029 cos¢ )
b= Constant having average value = 052 _
n= Actual duration of bright sunshine in hours.
N = Maximum possible hours of bright sunshine (mean value). This
value is a function of atitude (¢).
o= Stefan - Boltzmarn constant = 2.01 x 10~ mm/day.
T,= Meana:irtmnperahﬁeinl(‘—'m-l—"c :
e = Adnalmvapmnpx_meh\theairinmof}[g.
The parameter E, of the Penman's equation is estimated as;
E, =035(1+783) (e, —e) mm/day
where, V; = Mean wind speed at 2 m above the ground in km/day.
e, = Saturation vapour pressure at mean air temperature in mm of Hg.
e, = Actual mean vapour pressure of air in mm of Hg.
The above equation gives PET for given climatic condition for Penman's
reference crop. To determine PET for any crop this value should be multiplied
by corresponding crop coefficient
ETrop = Kaop X ETg
K =11-13 for paddy
K = 0.8 for wheat

K = 0.6 for maize

ET, = Daily potential evapo-transpiration .
The irrigation system is designed to fulfill the potential requirement of crop
(PET).
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23 IRBIGATION WATER REQUIREMENT
It is defined as the sum of crop water requirement plus all types of water
losses.

Irrigation water requirement (IWR) = CWR + Losses
where, CWR is crop water requirement.
The irrigation water requirement is further studied as;
2.3.1 Consumptive irrigation requirement (CIR)
It is the quantity of water actually required by the plant. If a part of the
consumptive use is provided by the natural rainfall, the consumptive
irrigation requirement is given by,

CR=GC,—Rg -
where, C, = Consumptive use

R, = Effective rainfall

i, the rainfall falling during the growth period of a crop and is available to
meet evapo-transpiration needs of the crop exclusive of the rainfall lost
through deep percolation below root zone or the water lost as surface run—off.
2.3.2. Net irrigation requirement (NIR)
It is defined as the Consumptive Irrigation requirement plus the water
required for other purposes, such as leaching of alkaline or salty soils.

NIR=CIR+L. = (G, —R) + L.
where, L. is the water required for leaching and other purpose.

R, is the effective rainfall.
2.3.3 Field irrigation requirement (FIR)
It is the amount of water required to be applied to the field. It is equal to the
net irrigation requirements plus the amount of applied water lost as surface
runoff, evaporation and deep percolation.
- FIR = NIR + Water application losses
It is usually expressed as,
NIR

FIR=—~—
' n,

where, 1), is the water application efficiency.

2.3.4 Gross imrigation requirement (GIR)
The quantity of water required at the head of the canal is greater than the field
irrigation requirement because there are always some transit (or conveyance)
losses. Thus, the gross irrigation requirement is given by,

GIR = FIR + Conveyance losses
Alternatively, it can be expressed as,

o _ FIR

GIR = S

where, 1. is the water conveyance efficiency.
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24 EFFECTIVE RAINFALL (R,)

The precipitation falling during growing period of a crop that is available |,
meet evapo-transpiration needs of crop is called effective rainfall. It inclugy, |
the precipitation lost through deep percolation below the root zoon or way,
lost as surface runoff.

25 WATER LOSSES DUE TO SEEPAGE AND EVAPORATION

During the passage of water from main canal to the outlet at head of wate
course, water lost by evapo-transpiration from the surface or by seepag,
through precipitation of channels.
2.5.1 Evaporation losses |
The water lost by evaporation is generally small as compared to the water los
by seepages in certain channels. Evaporation losses are generally 2-3% of tota]
losses. -

25.2 Seepage losses _

There are two different condition of seepage which is as follows;

D Percolation :
In percolation; there exists a zone at  Water surface of channel
continuous saturation from the canal ~
to the water table and a direct flow is |21/ = B2
established. Almost all water lost
from the canal joins the ground water
reservoir. The loss of water depends
upon the difference of top water

- surface level of the channel and level of the water table (i.e., H) as shown in

-the figure.

if Absorption .

In absorption; a small saturated soil
zone exists round the canal section
and is surrounded by zone of
decreasing saturation. A certain zone |-fyf:::

f ‘on(h+h)
Unsaturated

LETT

just above the water table is saturated

by capillarity. Thus, there exists an : e

unsaturated soil zone between the two Saturated capillary zone
. saturated zones as in the figure. Figure: Absorption

In this case, the rate of loss is independent of seepage head (H) but depends
only upon the water head 'h' (i, distance between walter surface level of
canal and bottom of the saturated zone) plus capillary head (h.), as shown in
the figure. .

The seepage loss depends on; '

i) Types of seepage: Percolation or absorption

Soil permeability :

iii) . The condition of canal
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iv)  Amount of silt carried by water
v) Velocity of canal water
vi)  Cross-section of canal and its wetted perimeter

2.6 SOILMOISTURE IRRIGATION RELATIONSHIP

The moisture (water) content within the soil may be divided in three parts,

2.6.1 Field Capacity (FC)
Field capacity is the water content of a soil after free drainage has taken place
for sufficient period. It consists of two parts; one is attached to the soil

* molecules by surface tension against gravitation force, and can be extracted by

plants by Ci}pillui’ity. This water is called capillary water. The other is that

which is attached to the soil molecule by loose chemical bonds. This water

which can't be removed by capillary is not available to the plants, and is

called hygroscopic water. :

Weight of waler retained in certain volume of soil x 100
Weight of same volume of dry soil

Field capacity =

. _ Weight of water retained per unit areca of soil
F=—o
Yq xd
where, d is the root zone depth in meter.
Yq is the dry unit weight of soil.
Y. is the unit weight of water.
F is the field capacity m.c.

Now,
Weight of water retained in unit area of soil = yq X d x FkN/m?
e ko - xdxF
Volume of water in unit area of soil = X"—Y—
w

2.6.2 Permanent wilting point (PWP)

PWP is that water content at which plant can no longer extract the water for
its growth, and wilts up. Hence available water or available moisture type
may be defined as the difference in water content of soil between field
capacity and PWP.’

2.6.3 Readily available moisture (REM)
It is that portion of available moisture which is easily extracted by plants, and

HYd Vit

Soil zone or root zone

Soll molsture .
lntermediate zone

3 Capillary zone
Water table +- ......... “eamsammsssmus ‘.l. - !‘: .‘.l.‘ -----

Ground water

Flgure: Soll molsture irrigation relationship
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is approximately 75 to 80% of actual moisture content (AMC).
RAM =75 to 80% of AMC
AMC = FC =PWP

Soll molsture deficiency

The water required to bring the soil moisture content of a given soil to its ficly
capacity is called moisture deficiency.

Irrigation interval (II)

The time interval of irrigation water to re-irrigate the field is called irrigatio,
interval.

M=ps
PET .
27 DEPTHAND FREQUENCY OF IRRIGATION

The irrigation water should be applied as soon as the moisture falls up to the
optimum level (greater then PWP) and its quantity should be just sufficient to
bring the moisture content up to the field capacity, making allowance for
application losses. The depth and Ercquency of irrigation can- be shown in

figure (i) and (ii).

e,

Rmdlly
T I available moisture )
1 Field capacity E » N l'leld capacity
g i E AMCor
El.. lmcwmrﬂhrvw*ﬂ NN -f?F.".“:‘ ywater |
£ |Field capacity l Wittng point & l'u-ld capacily
s E
= Hygmcx!pic water 2 OMC Wi]lmg pt. mc.
4 =
Time —» Time —»
Figure: (i) Figure: (ii)
28 IBRRIGATION EFFICIENCIES '

Efficiency is the ratio of water output to the water input, and is usually
expressed as percentage. The efficiency of the irrigation is of different kinds:

i) Eﬂlcléncy of water conveyance
It is the ratio of the quantity of water delivered to the field to the quantity of
water diverted into the canal from the off take point. It takes the conveyance
or transit losses in consideration.

Quantity of water delivered

to field % 100
Quantity of water diverted

from offtake

Water conveyance efficiency (n.) =

i Efficlency of water application

It is the ratio of quantity of water stored at the root zone of the plants to th
quantity of water applied to the field. It takes into consideration the water l0s!
. in farm.
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Quantity of water

Water application efficiency (n,) = ﬂuﬂfﬁjr.ll'_::ty pLzone . 100

applied to field

1y  Efficlency of water storage
It is the ratio of quantity of water stored at root zone during irrigation to the
quantity of water needed to bring the moisture content of soil to the field

capacit
i Quantity of water

ie,  Waler storage efficiency (n,) = mﬁ%{‘g—?—%ﬁﬁ—w

the moisture to field capacity

tv)  Efficlency of water use
It is defined as thé ratio of the quantity of water used beneficially by the crop,
including water required for leaching, to the quantity of water delivered to

field. -
Quantity of water

used beneficially
Quantity of water
delivered to the field

x 100

ie, Water use efficiency (n,) =

v) OQutlet discharge factor

The duty of the water varies, from one place to another, due to the various
losses, and increases as soon as one moves downwards from the head of the
canal towards the head of the branches or water courses. The duty at the head
of water course is quite important, and is called the out let discharge factor.
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. PROBLEM 1

. Dmawmﬂidntan-forﬁuaw Anlrﬂgzﬂonpmjmhuﬁoooh.

. |of CCA and ET, is 150 mm/day, effective rainfall in 30 mm/month ang
' |overall efficiency of the project is 30%, Calculate the irrigation demand i,

53 ‘Solution:

. Giventhat;
' CCA =6000ha
ETp = 150 mm/day
, Effective rainfall = 30 mm/month = x5 mm/ day =1mm/day
Efficiency of the project =30%

‘ Silking

ii

1.04
09-
08+
0.7 1
0.6+
054
0.4
034
0.2+
0.1
00

: ‘Earlyda'n ‘
Knee high
Ermgmgc

L T L L A L

Crop-coefficlent

Block layer

Figure: Crop coefficient curve

ETerop = ETg X Kerop
K =1.1-1.3; for paddy (rice)
.+ ETgrop = 1.1 X 150 mm/day = 165 mm/day
- Depth of irrigation water = (150 -_1) =149 mm/day
Irrigation demand (Q) = 149 mm/day x 6000 ha

‘03
=10X 10 x 6000 x 10* m?/sec.

=1 03472 m?/sec

Imgahon demand = 1—.0?—32 = 344.91 cumec

i PROBLEM 2

. |Root depth =60cm -

With follmring data.

FC=80% PWP = 35%

. Soil density = 1.5 gm/cc
Application efficiency = 80% I
Distribution loss = 65%

BTC;Smm/day

‘ Ca]cnhte,

Conveyance lon 55% o

-
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1) Avallable moisture content
)  Readily available moisture contents

iif)  Depth of irrigation at outlet of the field

fv) - Irrigation interval

v) . The requirement of head work

Solution:

Available moisture content = AMC
= Field capacity (F.C.) — Permanent wilting
point (P.W.P.)

= (80 —35)% = 45%

Readily available moisture content (RAM) = 80% of AMC
=08x45% =36%

xd
Depth of water available for consumptive use = (]

X 0.36

_L 5 >< 1.5%06 036

-1.5x06x0.36

=0324 m

=324 cm

Irrigation interval = 9—%2—4 = 64.8 days p
T000
Consumptive use _ 0324

Field irrigation requirement =

Water application effmency 0.8

=0.405m
Depth of water at outlet of field = 0.405 m

0.405

055 %065 — 1133 m

Irrigation requu'ement at head work =

PROBLEM 3

The field capacity of soil is 60%, permanent wilting point is 25%, Density
of soil is 1.2 gm/cc, effective root depth is 120 cm, ET,, is 9 mm/day.
Calculate the irrigation interval if the readily available moisture is 85% of
available soil moisture capacity. [2069 Bhadra]

Solution:
Given that;
Field capacity = 60%
Permanent wilting point = 25%
Density of soil = 1.2 gm/cc
Effective root depth = 120 cm
ETcrop = 9 mm/day
Available moisture capacity = FC — PWP =
Readily available moisture = 0.8 x 35 = 28%

(60 —25)% = 35%

Depth of water available for consumptive use = —Z—XOL

x (.28
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. = 0.403 m = 4032 mm,
 rrigation interval = 232 = 44.8 day
PROBLEM 4 - ; :

reduced by 5000 ba. Out of this command, the CCA is 80%. The intensitje,

total loss below km 4 =0.45m>/s; channel losses per km is 3.5% o
discharge at beginning of each km; Kor periods for wheat and rice are 4

and 3 weeks respectively.

Kor depth for wheat and rice are 16 and 2|

respectively.
Solution: .
The gross commanded area and culturable commanded area at various kp

are first of all worked out.

Below] Gross comd areain Grqss culturable area in hectares
0 i 45000 36000
1 40000 32000 R
2 : 35000 28000
3 30000 24000 )
4 25000 20000

OQutlet discharges for two crop seasons are determined as given,
i)  For wheat, : L
_864B
D= 3
where, B = 4 week = 28 days-
A=16cm =0.16m

8.64 x 28
0.16
ii)  Forrice, : L

_864B
D= X VI
where, B = 3 week = 21 days
A=0.21cm

D= 8;664-251-%1 = 864 hectare/cumec

D= =1512 heétare/ cumec

* Intensity of irrigatidn for wheat = 60%
Intensity of irrigation for rice = 35% .
If 'G' is gross culturable area at any point, then 0.6G is the wheat is and 0.356

is the rice area.

Dischargé required for wheat = %56% = E%U

of irrigation for wheat and rice are 60% and 35% respectively. Assup,|!
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H Simllm‘ly:
' s i od for rice = 035G _ _G
Discharge required for rice = =g = 5eps

" Gince, the discharge required for rice is more than that required for wheat.

Calculate the design discharge of canal at 0, 1, 2, 3 and 4 km from heyg The outlet [a_ctor of rice becomes controlling factor.

works. The GCA at the head of the canal is 45000 ha and after each km it |

Below km | Gross culturable area | Discharge required for rice = 24?8.
"0 36000 “14.58
el 32000 12.96
22 28000 1134
3 24000 ' 9,72
4 20000 81

Atd4km; -
. Losses below 4 km = 0.45 m®/sec.
Discharge required for-crop at this point = 8.1 cumec
Total discharge required = 0.45 + 8.1 = 8.55 cumec
Design discharge = 10% more than required
. =1.1 x 8.55 = 9.405 cumec
At3 km; '
Outlet discharge below 3 km = 9.72 cumec
Losses below 4 km = 0.45 cumec

Losses between 3 to 4 km = 3.5 % of 9.72 = 5 x 9.72 = 0.34 cumec

Total losses below 3 km = 0.45 + 0.34 = 0.79 cumec
Total discharge required at 3 km = 9.72 4+ 0.79 = 10.51 cumec
Design discharge = 1.1 X 10.51 = 11.561 cumec
At2km;
Out let discharge required below 2 km = 11.34 cumec

Losses below 3 km = 0.79 cumec

Losses between'2 and 3 ki = % x 11.34 = 0.397 cumec = 0.4 cumec

Total losses below 2 km = 0.79 + 0.4 = 1.19 cumec

Total discharge required = 11.34 + 1.19 = 12.53 cumec

Design discharge = 1.1 x 12.53 = 13.78 cumec
At1km;

Out let discharge required below 1 km = 12.96 cumec

Losses below 2 km = 1.19 cumec

Losses between 1_and 2km= %% X 12.96 = 0.45 cumec

Total losses = 1.19 + 0.45 = 1.64 cumec
Total discharge required = 12.96 + 1.64 = 14.6 cumec
Design discharge = 1.1 x 14.6 = 16.06 cumec
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A0 kmy; :

Out let discharge required = 14.58 cumec

Losses below 1 km = 1,64 cumec

Losses between 0 to 1 km = -lqmsj % 14.58 = 0.5103 cumec
Total losses = (1.64 + 0.5103) cumecs = 2.15 cumec
Total discharge required = 14.58 + 2.15 = 16.73 cumec
Design discharge required = 1.1 +16.73 = 18.403 cumec

PROBLEM 5 ,

wheat crop in the whole commanded area. The Kor period for wheat j,

period 2.75 cm of rainfall is normally expected with such intensity tha
50% of this could be taken as superfluous (surface run off). Considering
10% conveyance loss find out; (a) duty of canal water at the field head ang
(b) discharge of minor at upstream head. [2070 Bhadra)
Solution: .

Given that;

Commanded area = 400 ha

Kor period = 3 weeks = 21 days

Kor depth = 10 cm

Water available from rainfall = 50% of 2.75 cm = 1.375 cm

Depth of irrigation water = 10 — 1.375 = 8.625 cm

Duty of water on field = 2628 = 88V X 2L _ 2104 87 ha/cumec

Here, conveyance loss is 10%. So, a discharge of 1 cumec at the head of water
course, 0.9 cumec at the field.
Duty at head of water course = 2104.87 X 0.9 = 1894.36 ha/cumec

. . o400
Dlscharge required = 7a5727 = 0.211 cumec

PROBLEM 6

A field channel has culturable command area of 2000 ha. The intensity of
irrigation for gram is 30% and that for wheat is 50%. Gram has a Kor
period of 18 days and Kor depth of 12 cm. While wheat has K,, period of 15
days and Kor depth of 15 cm. Calculate the discharge of the field channel.

_ Solution:
Given that; .
Culturable commanded area (CCA) = 2000 ha
Intensity of irrigation for wheat = 50%
Intensity of irrigation for gram = 30% -
Kor period for gram = 18 days

[2070 Maghl |/

|
|
|
|

|
|

y !
A minor commands 400 ha of irrigation area. It is proposed to conside] |

considered 3 weeks: The Kor depth has been assumed to be 10 cm. In thiy| |
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Kor period for wheat = 15 days
Kor depth for gram = 12 cm
Kor depth for wheat = 15 cm

' Now,
Duty for gram = %ﬁ = 1296 ha/cumec
864 X 15

Duty for wheat = ——=— = 864 ha/cumec

Area of gram irrigation = 2000 x 0.3 = 600 ha
Discharge for gram = 1%—0% = 0.46 cumec

Area of wheat irrigated = 50% x 2000 = 1000 ha
Discharge for wheat = % =1.16 cumec

Total discharge required = 0.46 + 1.16 = 1.62 cumec

PROBLEM 7

Compute the flow discharge needed for a canal to irrigate dry seasons
crops in 30000 ha and wet season crops in 40000 ha. Kor period and Kor
depth for dry and wet season crops are 6 week and 14.8 cm and 4 weeks

_.ndlLScmraped:ively.

[2071 Magh: T.U.]

Solution: :
For dry season

Dry season crop area = 30000 ha
Kor period = 6 weeks = 42 days
Kor depth = 14.8 cm

Now,

864 x 42
14.8

3 30000
Discharge for dry season = 57=1—55 = 12.23 ha/cumec

Duty for dry season = = 2451.89 ha/cumec

. For wet season

Wet season crop area = 40000 ha
Kor period = 4 weeks = 28 days

Kor depth=115cm
Now,
Duty for wet season = 86:1)(528
= 2103.65 ha/cumec
Discharge for wet season = 5153
= 19.01 ha/cumec
+~  Total discharge required =12.23 +19.01
= 31.24 ha/cumec
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PROBLEM 8 gL ‘
What is field capadity of soil? For distributary, GCA is 500 ha, CCA is 80%,
intensity of irrigation is 30% for wheat and 20% for rice. The kor period j,
S weeks and 2.5 weeks for wheat and rice respectively. Calculate the outly |,
discharge and also determine the capacity of canal considering 10% loss jy,
distribution.
Solution: ’ |
Field capacity of soil |
Field capacity is the water content of a soil after free drainage has taken plag |
for sufficient period. It consists of two parts, one is attached to the s
* molecules by surface tension against gravitational force and can be extracteg |
by plants capillarity, hence the water is called capillary water and the othe |
water is that, which is attached to the soil molecule by loose chemical bonds
Such type of water which cannot be removed by capillary is not available t,
the plants and is called hygroscopic water. ‘ ‘
Weight of water retained in certain volume in soil
Weight of same volume of dry soil -

Field capacity = x 100

Here, .
Gross commanded area (GCA) = 500 ha
* Culturable commanded area (CCA) = 80% of GCA

= 0.8 x 500 = 400 ha

Now, .
Amtobeirﬁgatedunderwheat=400><%= 120 hectares

- L% . . | g
Area to be irrigated under rice = 400 X 56 = 80 hectares

" Here, kor depth of wheat and rice is not given, so assuming;
) Kor depth for wheat =135 cm
Kor depth for rice = 19 cm
Kor periods for wheat = 3 weeks = 21 days -
_ Kor periods for rice = 2.5 weeks = 17.5 days

Now,
864xB _864x21
Duty for wheat =— =—1375—=1344ha/cumec
and, Duty for rice = 34X B _ B4 X175 _ 79579 ha/ cumec
Area _ 120

Outlet discharge required for wheat = m =1344 = 0.089 cumec

and, Ontletd.nsdlargerequnred forrice:% = 7—9%.% = 0.1 cumec
.Considering 10% loss in distribution; we hpve,

0.089 + 0.1
09

Capacity of canal = =0.21 cumec
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| PROBLEM 9

What do you mean by crop water requirement? Calculate the discharge
required at outlet when the area to be irrigated in Rabi is 4000 hectares

and Kharif are 13.5 cm and 4 weeks and 19 am and 2.5 weeks respectively.

Solution:
Crop water requirement
Crop water requirement is defined as the total quantity and the way in which
a crop requires water from the time it is shown to the time it is harvested. The
crop water requirement will vary with the crop as well as with the place.
Here, according to the given condition; we have,

Duty for Rabi = 864Ax B 8641>;.45x 7 — 1792 ha/cumec

and, Duty for Kharif = 364 XB _ 864 X253 X7 _ 79579 ha/cumec

19
Now,
4000
Outlet discharge required for Rabi = g—l’ﬁ% = I =223 cumecs
. 4000
and, Outlet discharge required for Kharif = %:it; =75g579 = 5.02 cumecs
PROBLEM 10
Determine the capacity of reservoir, it its cultivable area is 50000
hectares, from the following data: [2014 Semester fall: Po.U.]
o ‘| Base period | Dutyatfield | Intensity of irrigation
3 (days) (Ha/cumecs) (Percentage)
Wheat 120 1900 25
Rice 120 1000 10
Sugarcane 330 2500 15
Solution:

Here, i
Area of each crop under irrigation = CA X Irrigation intensity
Water required for wheat = %%—ei = % % 0.25 = 6.58 cumecs

ty
Water required forrice=i§%=%x0.l =5 cumecs

Water required for sugarcane = %}; = % % 0.15 = 3 cumecs
Water volume required by wheat in 120 days base periods = 6.58 x 120
x 24 x 3600
=68.22 Mm’
Water volume required by rice in 120 days base periods = 50 X 120 x 24
' X 3600
=51.84 Mm®
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and, Water volume required by sx@am:ane in 330 days base periods = 3 x 120

X 24 X 360
= 31.1 M

5 Capacity of reservoir = 68.22 + 51.84 + 31.1 = 151.16 Mm® = 152 M}

PROBLEM 11
nm&uibctuiummdforirﬁgnﬁon.l‘hedehﬂsmm‘
Find which one is more efficient. . [2072 Ashwiy)|
Distributary-1 Distributary-2 | Distributary-3
Discharge 15m’/s 20 m*/s 25m3/s
CCA. 15000 ha 25000 ha 30000 ha
Intensity of 0% - 80% 50%
irrigation
= 200 days 120 days 365 days
A (cotton crop) (wheat crop) (sugarcane)
Solatior
For Diskibutary-1

Area irrigated under cotton crops = 15000 x 0.6 = 9000 ha

Discharge = 15 m’/sec.
95000

Duty ===- = 600 hec/cumec
For Distributary-2
Area irrigated under wheat corps = 25000 x 0.8 = 20000 ha
Discharge = 20 m’/sec.
Duty=——2(gn=1ﬂl)hec/cumec
For Distributary-3
Area irrigated under sugarcane crops = 30000 x 0.5 = 15000 ha

Discharge = 25 nr*/s

Duty = 0% = 600 hec/cumec

Since, distributary-2 has higher duty so more efficient.

PROBLEM 12

[Explain about soil-moistare irrigation relationship. [2072 Ashwin]|
Solution: See the definition part 2.6

PROBLEM 13

A farmer with his 40 m X 40 m plot plans to irrigate his field 4 sprinkler’
baving a throw distance as 10 m and each placed 20 m apart. Prepare
sketch of wetting pattern of these sprinklers. Write your comments on th?
moisture pattern and suggest measure to improve it if required.

[2072 Magh]
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i

Solution:
Welling diameter

|

T
10m /

|~Sprinkler

]
D

2

Main line pipe

Figure: Sprinkler irrigation system (Side view)
From above figure, we can clearly see that some portion of field remains dry.
To get desirable water distribution uniformly, two adjacent sprinklers should
be spaced in such a way that there is some overlap of precipitation. As general
rule, the spacing between the sprinkler is kept between 50-60% of wetting
diameter. In this case, to improve moisture content we should decrease

‘spacing between sprinklers and use more number of sprinklers.

PROBLEM 14

With the following data: FC = 35%, PWP = 12% root depth — 70 cm, soil
density =1.4gm/cc, ET,=9mm/day, RAM =70%AMC, application|
efficiency = 85%, conveyance loss and distribution loss 20% where the
abbreviations have their usual meanings. Calculate;

i) Available moisture content

ii) Readily available moisture content

iii) Depth of irrigation at the outlet of the field

iv) Irrigation interval and

v) Depth of irrigation water required at the headwork.

[2072 Magh]

Solution: :
i) AMC=FC—-PWP=35-12=23%
if) RAM=70% AMC=07x23=16.1%
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|
x d X RAM
iii)  Depth of water a\-ailablc for consumphve use = —Y—ﬁ——y——
w
Rl 1.4 x 0.7 X 0.161
= ———ﬁ_——
= 015778 m
= 157.78 mm
R . 157.78
Depth of water required at outlet = —ge= = 185.62 mm
iv) liﬁga&oninterval=1%£§=l753mm i :
w) lmgahon water mquued at headwork = -1—%226—2- = 928.1 mm

* PROBLEM 15 KN
Amdlsohml:ermdmdxmdﬁomamlmd 110 litre pey

hours. Effective depth of root zone was 1.5 m. the runoff less in the fiely
was 445 m®, the depth of water penetration varies linearly from 1.5 m 3
hﬁndofﬁddtoholdmgapadtyofthewﬂm200mmpermeterdepu,
of soil. Determine the water conveyance fleficiency, water application
efficdiency station effidency. Irrigation was started at moisture extraction
level is 50%. 1

Solution:

Quantity of water delivered

o to field
J>;,; . Waler conveyanie efﬁcxency (mJ = - Quantity of water diverted X100

from offtake -
110
=150 % x100% = 73.33%

: Water dstored in the root
. . 5 : ___zone during irrigation
i)  Water application efficiency () = {ater delivered to the ficld = 100%

Water supplied to the field during 8 hours @ 110 litre per second is;
=110 % 8 x 60 x 60 litres
= 3168000 litre = 3168 cu. m
: Runofflossinﬂ'le_ﬁeld=445mm
"‘Rhewater'smmdinﬁlerootzone=3168—445=2723cu. m

Wah:rapphmhonefﬁaency M) = % x 100% = 85.95%

£l ; Water dstored in the root zone
N uring irrigation
: ,m) ; Water ge efﬁumq' Water needed in root zone prior x 100%

to irrigation
Mmsture holdmg capacity of soil = 200 mm/m depth x 1.5 m depth of
root zon¢

=30cm

second was delivered to the field. An area of 2.2 hectares was irrigateding|

[2073 Bhadrs]|
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Moisture already available in root zone at the time of start of irrigation
is;
= X 30 =15cm
Additional water required in root zone = 30 = 15=15cm
=1:l-l5mx2.2x10"cu.m
(i.e., Depth x Plot area)
y = 3300 cu. m
But, actual water stored in root zone = 2723 cu. m

Water storage efficiency (n,) = %%%% x 100 = 8251%

iv) . Water distribution efficiency (n4) = (1 —%) = (1 —%g) =12 ; L
=13m
. where,Dis the mean depth of water stored in the root zone.
d can be calculated as below.
Deviation from mean while at upper end (absolute value) = [1.5-1.3|
=02
. Deviation from mean while at lower end (absolute value) = |1.5 - 1.3|
=02
d = Average of absolute value of deviation from mean
_ 02402 _ 02
i &
: 0.2\ Cos
S0, a4 = (1 —'.1—3) =0846 = 84.6%
PROBLEM 16

If daily consumptive use of the crop is 5 mm and the canal may operates
from 6 am to 5 pm only. Available moisture for the given soil IS 220 mm
per m and maximum depth of root zone for the crop is 1.2 m. assume that
only 50% of soil moisture is available to crop. Application effidency is
65%. Calculate the required discharge if CCA is 450 ha. Calculate irrigation
interval and outlet discharge. [2074 Bhadra]

Solution:
Here,
Root zone depth=12m
Moisture holding capacity of soil =220 mm/m
mm

=220 —x 12
= 264 mm
=0.264 m
Here, only 50% of soil moisture is available to crop.
Readily available moisture (RAM) = (50% of 0.264 m)
Daily consumption of water = 0.005 m/day
Now,

=0.132m
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i
. RAM _ 0132 _,
Irrigation interval = m = 07005 = 264 d.\) S
We have,
32 -
Required volume of water = %m X 450 x 10" 'm® in 264 days
50, Required discharge when canal operates from 6 A.M. to 5 P.M. is;

_1R2 480X 10*
=00 " 364 x 11 X 3600
= 0568 m¥/sec,

Outlet discharge = %652 md/sec. = 0.874 m/sec.
PROBLEM 17
[Eeﬁne irrigation water requirement for rice crop.

[.0. 2034]
Solution:
Water requirement of a crop is defined as the total quantity and the way i,
which a crop requires water, from the time it is sown to the time it j
harvested. Water requirement for rice crops:
Delta (A) =120 cm
Duty (D) = 775 hectares/cumec.

PROBLEM 18

A certain crop is grown in on area of 3000 hectares. Which is fed by canal?|
The data pertaining to irrigation as follows;

Field capacity soil = 26%

Optimum moisture = 12%

Permanent wilting point = 10%

Effective depth of root zone = 80 an

Apparent relative density of soil = 1.4

If frequency of irrigation is 10 days and overall efficiency is 22%. Find:

i) the daily consumptive use .

ii) mtudisdnlgeinm’/lec.uqniredinanal
Solution: See the solution of Q. no. 14

PROBLEM 19

Explain in brief design principles of sprinkler irrigation system. A certain
crop is grown in an area of 2600 hectares which is fed by a canal system.
The data pertaining to imitation are as follows;

Field capacity soil = 28%

Optimum moisture = 13%

Permanent wilting point = 10 %

Effective depth of root zone =75 cm

Apparent relative density of soil = 1.45

[P.U. 2015]

If the frequency of irrigation is 10 days overall efficiency is 42%. Find
then; )
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) Daily consumptive use and,

ii) Water discharge in m?/sec. required in canal feeding the area
[P.U. 2015 chance]

Solution:
pesign procedure of sprinkler Irrigation system

Siep1 @ Indentify resource concern and problem

Step2 Make an inventory of available resources and operating conditions
Include information of soils, topography, water supply (quantity
and quality), source of power (type and located crops, irrigator's
desire for a type of sprinkler system labor availability farm
operation schedules and water management skills.

Step3 : Determine soil characteristics and limitations

Step4 : Determine net irrigation water requirements for crops to be grown

Step5 @ Determine irrigation frequency, net and gross application

Step6 : Determine sprinkler spacing nozzle sizes, head type, discharge,
operating pressure, wetted diameter, average application rate, and
performance characteristics

Step7 : Determine number of sprinkler in an irrigation set (zone) required
to meet system capacity requirements, numbers of laterals needed
for selected time of set spacing, moves and frequency of irrigation
in days.

Step8 : Evaluate design. Does it meet the objectives and purposed
indentified in step 1 -

Step9 : Finalize sprinkler irrigation system design layout and management

skills.
Step10 : Determine lateral size (s) based on number of head, flow rate,
pipeline length, determine minimum operating pressure, etc

Step11 : Determine main line sized required to meet pressure and flow
requirements according to number of operating laterals.
Step12 : Prepare final layout and operation, maintenance and irrigation

water management plans.
Depth of water used by plants for growth, which is supplemented by

irrigation after every 10 days = H_x]OZE} (0.28 - 0.13)
=0.1575 = 15.75 cm
Daily water used by plants i.c.,
Consumptive use = il 1.575 ¢n
F s¢ = —m— = Lo/ocm

Total irrigational water required including losses in field and conveyance is;
NRI 1.575 /d
=g =77 cw/da
ulnlgnlhm 5 Y

=7.16 cm/day
Field area = 2600 ha = 2600 X 10" m?

!
Discharze reauired in irrization canal el s w2000 XAV L s ) o
arge required inirrigation canal = Sy X s cay g M /s

= 21, 54 m'/sec.



PROBLEM 20

A reservoir has to supply irrigation water to 40,000 hectyy,

Calculate the storage required in the reservoir to meet the % lang]

1y,
demand of various crops as detailed below: [2076 B,; Batio

_shag,)

Crops Base period (days) | Duty (ha/cumec)

Wheat 120 2400
Rice 140 1000
Maize 100 1800
Solution:
Calculate area to be irrigated
_For wheat = Intensity of irrigation X Gross command area
= 20% of 40000
= 8000 ha -

For rice = 15% of 40000 = 6000 ha
For maize = 20% of 40000 = 8000 ha
Now, precede same as the solution of additional problem 25

PROBLEM 21

Following data is given below; calculate the depth and frequenqy
irrigation.

Field capacity = 80% PWP = 30%

Root depth =70 cm Soil density = 1.5 gm/cc
Consumptive use = 4 mm/day Application efficiency = 80%
Readily available moisture (RAM) = 70% , [2076 Bhadr)

Solution: Proceed as the solution of problem 3

PROBLEM 22
lDeﬁne: duty, delta, base period and crop period [2077 Chaitr
Solution: See the definition part 2.1 and 2.1.1

PROBLEM 23

After how many days will supply water to soil in order to ensure suffida!
irrigation of the given crop if.
"|i)  Field capacity of the soil = 28%

ii) Permanent wilting point = 13%
iii) Dry density of soil = 1.3 gm/cc
iv) Effective depth of root zone = 70 cm ) |
v) Daily consumptive use of water for given crop = 12 mm. [2077 Chait®

Solution:

Assume readily available moisture (RAM) = 75% of available g
content (AMC) and precede same as problem no. 3.
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PROBLEM 24

Define frequency of irrigation and how do you calculate frequency of
irrigation on the basis of soil moisture? Compute the flow discharge
needed of a canal to irrigate dry season crops in 20,000 ha and wet season
crops in 30000ha. Kor period and kor depth for dry and wet season crops
are 5 weeks and 12.5 cm and 4 weeks and 9.5 cm respectively.

[2078 Baishakh]

Solution:
The frequency of irrigation is defined as the number of days or time internal
between irrigation.

Here, d = Root zone depth
RAM = Readily available moisture content
ETc = Crop water use rate or crop evapo-transpiration
RAM = Certain percent of AMC
AMC = Field capacity (FC) - Permanent wilting point (PWP)

For numerical part
Precede same as solution of problem no. 7
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210 ADBDITIONAL PROBLEMS

PROBLEM 1

suffident irrigation of the given crop if, FC = 28%, PWP = 13%, dry
density of the soil = 1.3 gm/cc, daily consumption of water for the giy,,
crop = 12 mm, Effective depth of root zone = 70 cm. '
Solution:

Available moisture content (AMC) = 28 —13 =15%
Let, RAM =80%0f AMC=08x15=12

OMC=28 <
Yqd(28-16) |
T

Depth of stored water in root zone between 16% and 18% =
0.7 x 1_3',( !
= LOLSIO_L&;
=0.109 m
=10.92cm
Water available for consumptive use = 10.9 cm

Irrigation interval (II) = % =9.1 days

Water should be applied in every 9 days.
Depth of water to applied =9 x 1.2 = 10.8 mm

PROBLEM 2

After how many days you will supply water to a soil in order to ensure
suffident irrigation of the given crop if EC of the soil is 30%, PWP = 12%,
density of the soil = 1.25 gm/c.c., effective depth of the root zone (d) = 60
cm, daily consumptive uses of water for the given crop ET,,, = 12.5 mm.
Assume that is 80% of AMC.

Solution:
~ AMC=FC-PWP=30-12=18%
Now,
RAM =80% of AMC =08 x 18 =14.4%
4 .
Depth of water available for consumptive use = Yd X RAM ):’ RAM
w
_125x06x014
i 1

=0108 m =108 mm |
Irrigation frequency = Ilg% = 8.64 days
Water should be applied in every 8 days with equivalent water depth is;
=8 x 125 mm = 100 mm

After how many days will you supply water to the soil in order to ensyry) |
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e

{ PROBLEM 3

'[Calculate the depth of water and interval of irrigation (water
requirement) FC = 25%, PWP = 10%, y, = 1.451 gm/c.c.,, BT = 0.1
mm/day. Root zone depth = 10 cm, assume irrigation is to be applied when
soil moisture is applied to PWP.

Solution:
AMC =FC —PWP =25-10=15%

According to the question irrigation is done after the moisture is depleted to
! PWP. So, AMC is consumed.

Yqd x AMC
Yw

_ 1.55x 10 x 0.15

TR T

Depth of water available for consumptive use =

=233

Irigation interval = 522 = 23.3
Irrigation should be done in each 23 days with water depth =23 x 0.1
=23m

PROBLEM 4
Find FC of the soil with the following data, Root zone depth = 2.5 m,
Existing water content = 7.5%, Dry density of the soil = 1.5 gm/c.c., water
applied to the soil = 600 m®, Water loses due to evaporation = 15% area of
plot = 1000 m?.
Solution:

Volume of water consumed by plants = 0.85 x 600 = 510 m?
Hence,

Equi‘;alent depth = 1—50%)—0 =051 m
But. 051 < Yad X FC—AMO) _ 1.5 x 2.5 x (FC - 0.075)
%1 Y 1
FC=0211=211%
PROBLEM 5

Compute the frequency and depth of the irrigation if root zone depth =
100 cm, FC = 22%, efficiency of irrigation = 50%, y4 = 1.5 gm/c.c., ET o, =
25 mm/c.c., assume 50% depletion of available moisture before application
of irrigation water at FC.

Solution:
AMC=FC-PWP=22-12=10%
RAM =05 x AMC=0.5%10% =5%

Yad X RAM
Yw

_15x1x005
= |

Depth of water available for consumptive use =
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= 0075 m =75
Irrigation interval = i'f;j‘?s =3 days
Dc'pﬂ\ofwam=g-_55= 150 mm
PROBLEM &

With following data FC = 80%, PWP = 35%, root dcp&m
Y

density of the soil = 1.5 gm/c.c., ETC = 5 mm/day application efficiey,

80%, conveyance logs = 55%, and distribution loss = 65%. Calculate;
i) Available moisture content

ii)  Readily available moisture content

iii) Depth of irrigation at the outlet of the field

iv)  Irrigation interval

v) the irrigation requirement at the head works

Solution:

i) AMC=80% —35% =45%

ii) RAM=80% of AMC=08x45% =36% .

iii) Depth of water available for consumptive use = 1_5)(_016123_6

=0324m

.=324mm

Depth of water required at outlet = %23 =405 mm

iv) Irrigation interval = %3° = 648 days

405

Irrigation water required at head works = 7e=—""rre = 2571.43 mm

PROBLEM 7

10 cumecs of water is dellnud to a 32 Ha field, for 4 hrs. Soil prob in after
the irrigation indicator that 0.3 mm of water has been started that 0.3 mm|
of water has been started in the root zone: Compute the water application|

|
l

efficiency.
Solution:
Volume of water applied =10 x 4 X 3600 m®
=144000 m?
144000
“r vy 3 w
=144 Ha-m

Input = 14.4 Ha-m

Volume of water stored in root zone = 0.3 x 32
=9.6 Ha-m

Efficiency = %%“400% =66.67%

- A

———
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PROBLEM 8
A CCA for distributary Is 15000 Ha. The intensity for rice y of irrigation 1,‘

40% for Rabi and 10% for rice. Determine the outlet discharge factor for
Rabl and Rice may be assured to be 1800 Ha/cumecs and 775 Ha/cumecs.

Solution:
15000 x 0.4

Ajrrigable
Qb = Do, 1800
Que = lrﬂﬁnblc CCA x ll,:im - 15000 x 0.1 = 1.93 m?/sec

PROBLEM 9

Water is released at the rate of 10 camecs at H/R. If duty at the field is 125
Ha/cumecs and loss of water in transit is 30%. Find the area of the land
that can be irrigated.
Solution:

Discharge reaching the field = 0.7 x 10 = 7 cumecs

Area that can be irrigated = 7 x 125 = 875 Ha

PROBLEM IO

The gross area of an irrigation project is 50,000 Ha. Out of this 5000 Ha
have been utilized for construction of dwellings roads, bridges, etc. The
area to be cultivated during Rabi is 25000 Ha and during summer is 24000
Ha. The duty of canal water for winter crop is 5000 Ha/cumecs. Find the
design discharge for the canal after leaving 10% allowance for peak
discharge and loss of water in transit. What would be the annual intensity
of irrigation?

Solution:

CCA = 50,000 — 5,000 = 45,000 Ha

_ 25000
= 5000
24000 _
3000

CCAxII
TR0 =

=333 m’/sec.

Quricier =5m3/sec.

b1 =
ummer

Design discharge = 1.1 x 8 = 8.8 m®/sec.

(24000 + 25000) x 100%
45000

8 m?/sec.

=1089%

Hannoal =

PROBLEM 11

A water course has a CCA of 1500 Ha .1I for crop A is 45% and for B is 40%,
both the crop being Rabi crops. Crop A has KOR period of 20 days and B has
15 days. Calculate the discharge of w/c if the Kor depth for crop A and B are|

10 cm and 16 cm respectively. |

Solution;

For crop A;
I=45%

Il Xx CCA x Kor dvptl\
Kor period

045 X 1500 x 0.1

Kor discharge = 0
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. _\\‘
= 3375 Ha-m/day = 0.391 m?/sec.
For crop B;
I =40%

It x CCA x Kor depth _ 0.4 x 1500 x 0.16
Kor period - 15

= 0.4 Ha-m/day

= 0741 m?/sec.

Kor discharge =

Hence,
Total discharge of canal = 0.391 + 0.741 = 1.132 m*/sec.

PROBLEM 12

The gross commanded area for a distributary is 6000 hectares, 80% of
which is culturable irrigable. The intensity of irrigation for Rabi season j,
50% of that for Kharif season is 25%. If average duty at the head of th,
distributary is 2000 hectares/cumecs for Rabi season and 90
hectares/camecs for Kharif season. Find out the discharge required at th,
head of the distributary from average demand considerations.

Solution:

= CCA x Intensity of irrigation

_ 4800 x50
- 100
= 2400 hectares
Area to be irrigated in Kharif season = 4800 x% = 1200 hectares
Water required at head of distributary to irrigate Rabi area = 23008
= 1.2 cumecs

Water reqd. at head of distributary to irrigate Kharif area = -lg%(%) cumecs
= 1.33 cumecs

Thus, the required discharge is maximum of this two i.e, 1.33. Hence, the
distributary should be designed for 1.33 cumecs.

PROBLEM 13
Determine the field capacity of a soil for the following data; Depth of root|
zone = 1.8 m, Existing moisture = 8%, Quantity of water applied to soil =
650 m3/s, Dry density of soil = 1450 kg/m®, Water lost due to deep
percolation and evaporation = 10%, Area to be irrigated = 1000 m®.
Solution:
Here,

Volume of total water applied = 650 m?

Water wasted = 10% of 650 m® = 65 m’

Water used in raising m.c. up to the field capacity = 650 — 65 = 585 m’

or,
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Depth of water used in the raising m.c. up to field capacity from the

585
existing 8% = T(Tﬁz'i =0.585 m’
Ya

- But, Water reqd. in root zone depth to increase m.c. = &= (Upper limit m.c.
w

—Lower limit m.c.)

1450
or, 0585= 1000 X 1.8(F.C.

F.C.-0.08=0224
or, E.C.=0304=304%
Hence, field capacity is 30.4%.

PROBLEM 14

A certain crop is grown in an area of 3000 Ha, which is fed by a canal
system. The data pertaining to irrigation is Field capacity = 26%,
Optimum moisture content = 12% Permanent wilting point = 10%,
Effective depth of root zone = 80 cm Apparent relative density of soil =
1.4. If the frequency of irrigation is 10 days and the overall irrigation
effidency is 22%, find;

i) daily consumptive use

ii) the water discharge in m*/sec. required in the canal feeding the area
Solution:

Depth of water used by plants for growth, which is supplemented by

irrigation after every 10 days = =2X0® (0.26 - 0.12) = 0.1568 = 15.68 cm

Daily water used by plants i.c., consumptive use = 1—%6—8 =1.568 cm

-0.08)

Total irrigation water required including losses in field and conveyance is;
NRI __ 1.586

Tlim'galion

Field area = 3000 Ha = 3000 x 10* m?

cm/day = 7.21 cm/day

7.21

Discharge required in irrigation canal = 355 % 0 n*/sec.

24X 60X 60
=25 m?/sec.

PROBLEM 15

If wheat required about 7.5 cm of water after every 28 days and the base

period for wheat is 140 days find out the value of delta for wheat?

Solution:
Assuming the base period is equal to crop period.
Now,

Number of watering required = l:;—ls(—) =5

The depth of water required for each time = 7.5 mm
~ Total depth of water required in 140 days = 5 x 7.5 = 37.5 cm
Hence, delta for wheat is 37.5 cm.
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PROBLEM 146

the base period of this crop is 120 days.
Solution:

aem) =50
where, B in daysand 'D
Here,

B =120days

D = 864 hectares/cumecs

864 x 120
A=—or =120 days

PROBLEM 17 _

After how many days will you apply water to the soil in order to ensur]
uﬁdﬂthxig:ﬁnld&givucup,ifﬁdﬂqa&t]dth:wﬂ:uxl
Permanent wilting point = 13%, dry density of soil = 1.3 gm/c.c., Effectiv,

' in hectares/cumecs.

crop = 12 mm, assume necessary data if required.

Solution:
Available moisture = Field capacity — Permanent wilting point

=28%-13% =15%

Assuming readily available moisture is 80% of available moisture.

~  Readily available moisture = 0.8 X 15% = 12%
Optimum moisture = 28 — 12 =16%

It means the moisture will be filled by irrigation between 16% and 28%.

Depth of water stored in root zone between these two limits is;

= YLd (erld capacity m.c. — Optimum m.c.)
]3 X 07

(028 -0.16)

= 0.129 m=1092cm
Hence, ‘
Water available for evapo-transpiration = 10.92 cm
1.2 cm of water utilized by plant in 1 day.
= 1092 cmof water will be utilized byplantmwdays = 9.1 days

Hence, after 9 days water should be supplied to the given crop.

PROBLEM 18

Wheat is to be grown in a field having a field capacity equal to 27% and the
permanent wilting point is 13%. Find the storage capacity in 80 cm depth
of the soil if the dry unit weight of the soil is 14.72 kN/m?, If irrigation
water is to be supplied when the average soil moisture falls to 18%, find

Find the delta for crop when its duty is 864 hectares/camecs on the r'ﬂd

l ie, Deficiency created in this fall =

depth of root zone = 70 cm, Daily consumptive use of water for the give

;‘ ZSmlday.Detemiutheinmnlindaylbetwminipﬁon,andthe

Chapter 2: Irrigation Water Requirement | 55
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|

! the water depth required to be supplied to the field if the field application

efficlency is 80%. What is the amount of water needed at the out let if the
water lost in the water courses and the field is 15% of the out let

| |discharge.
| Solution:
| Maximum storage capacity or moisture available is given by;

= %Lq(Field capacity m.c. — Optimum m.c.)
w

= 1472508 027 - 013)
=0168m=168cm

' Smce moisture is allowed to vary between 27% to 18%;

l“—"'gzg’{ﬁ(on 0.18)

=0.108 m = 10.8 cm

NRI _108

Quanuty of water reqmred to supply in field =

—135cm

Quantity ofwaterneeded at the canal outle t-%—%’—g

PROBLEM 19
During a particular stage of the growth of a crop, consumptive use of water

=15.88cm

depth of water to be applied when the amount of water available in the soil
is 50% of the maximum depth of available water in the root zone which is

80 mm. Assume irrigation efficiency to be 60%.

Solution:
Readily available moisture in root zone of crop =50% X 80 mm =4 cm
Consumptive use = 2.5 mm/day = 0.25 cm/day
0.25 cm of water is consumed by crop in =1 day
4 cm of water will be consumed by crop in = D—lgx4 =16 days
Depth of water recouped through irrigation = 4 cm
Now,
Water required to be
applied or absorbed
Efficiency of water
application
_4 o = 4 x100
Sr.00 focianr 00 ae
= 6.67 cm
Hence, 6.67 cm depth of irrigation water shall have to be applied to the fields
atan interval of 16 days.

Actual water required to be applied to field =
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PROBLEM 20

FC = 80% PWP = 35%

Root depth = 60 ecm Soil density = 1.5 gm/cc

ET¢ = 5 mm/day Application efficiency = 80%

RAM = 70% of AMC where, abbreviations have ncual meanings. Cnlcn],h |
i) available moisture contents )
ii) readily available moisture content 9 t
ili) depth of irrigation at the outlet of the field
iv) irrigation interval
Solution:
i)  Available moisture content = FC — PWP = 80 = 35 =45%
ii) Readily available moisture content = 70% of AMC |

= 05 % 45 = 315% |
ii) Depth water available for consumptive use = —i—d X RAM |
M x 0315
= 0.2835 m=2835mm |
Depth of water = %—8— = 35. 44 !
iv) Irrigation interval = 25> = 5,67 days
PROBLEM 21

A water course commands an irrigation area of 800 hectares. The intensit

of irrigation in this area is 50%. The transplantation of rice crop takes

days and total depth of water required by crop is 60 an on field duriy

transplantation period, given that the rain falling on the field during thi

periodis 15 cm.

i) Find dutyofi u-ngat:on water for crop on field during transplantation

ii) At the head of the distributary, assuming losses of water to be 20%i
the water course.

iii) Calculate the discharge required in water course.

Solution:

Given that, : =

Commanded area = 800 hectares

Intensity of irrigation = 50%

Area of rice irrigated = 50% of 800 = 400 hectares

Depth of irrigation water = 60 —15 = 45 cm
Duty of water on field = 3628 - 882 X5 _ 568 hectare/cumec

Here, conveyance Ioss is 20%. Hence, a discharge of 1 cumec at the head ¢

* water course becomes 0.8 cumec at the field.

= Daty at head of water course (D) = 288 x 0.8 = 230.4 ha/cumec
Discharge required in water course = 24‘%% = 1.736 cumec
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PROBlEM 22
Duttnnlnl the discharge of a distributary at the tail end from following
data:
Gross commanded area = 20000 ha
Culturable commanded area = 70% GCA
Losses beyond the tail en = 1.0 cumec
Kharif (rice) Intensity of irrigation = 15%
K, depth =19 am
K, period = 2.5 weeks
Rabi (wheat) Intensity of irrigation = 30%
K,, depth = 13.5 cm
K, period = 4.0 weeks
Sugarcane intensity of irrigation = 10%
K, depth = 16.5 cm
K,, period = 4 weeks
Solution:
For Kharif;
_ Areairrigated = 0.15 x 0.7 x 20000 = 2100 ha

Outlet discharge factor (duty) = %%%b(ﬂ = 796 ha/cumec

2100
Outlet discharge = gz = 2.64 cum

For Rabi; .
Area irrigated = 0.3 x 0.7 X 20000 = 4200 ha

Outlet discharge factor = 34 X QX 7) — 179 ha/cume
Outlet discharge = -‘1%8—2 = 2.34 cumec

For sugarcane,
Area irrigated = 0.1 x 0.7 x 20000 = 1400 ha
Outlet discharge factor = %M 1466 ha/cumec

Outlet discharge = 1300 = 0.95 ha/cumec

Sugarcane usually requires irrigation along with Rabi;
Total outlet discharge = 2.34 + 0.95 = 3.29 cumec
Discharge required at tail end of distributor = 3.29 + 1.00 = 4.29 cumec

PROBLEM 23

The gross commanded area for a distributary is 6000 ha and culturable
commanded area is 3600 ha. The intensity of irrigation for Kharif is 30%
and that for Rabi is 60%. If the average duty at the head of distributor is
KG ha/cumec for Kharif and 1500 ha/cumec for Rabi. Determine discharge
at head.

Solution:
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Duty for Kharif = 700 ha/cumec )
AmaofK}mnhmgamd 30% of 3600 ha = 1080 ha

Discharge for Kharif = 7iiT =1.54 cumec

Duty for Rabi = 1500 ha/cumec
Area of Rabi irrigated = 60% of 3600 ha = 0.6 X 3600 ha = 2160 ha

DlsdmrgeforRabx——z?l,-g—g—lﬂcumec

Hence, discharge at the head is 1.44 cumec.
PROBLEM 24

mglhmuSSﬁfwl:hmdlS%forM(ﬁu) If the K,, period js 4

-eehforfomaand!—mkfurhta,dmmethedudluge Takgk.
Jepthanﬂ.SanandZOcmfortheRahand Kharif crops, respectively,
Solution:

Duty for Rabi =

864x(dx7)
0.135

Dty for Kharif = #4 X E3 X7 _ 756 ha/cumec
Area of Rabi irrigated = 0.35 x 10000 ha = 3500 ha

=1792 ha/cumec

Discharge for Rabi = 3200 = 1.95 cumec
Area of Kharif irrigated = 0.15 x 10000 ha = 1500 ha
Dischargeforl(harif=%=1.98 =2
Henoe,outletdischargeisZameé.
PROBLEM 25

The base period, intensity of irrigation of various crops under a canal
irrigation system is given in the table below. Find the reservoir capacity if
the canal losses are 18% and reservoir losses is 14%. [2071 Bhadra: T.U.]
3 Duty at field | Area under the crop
Crop Base period :
(days) (Ha/cumecs) (hectares)
Rice 120 . 850 3000 |
Wheat 120 1700 4500
Sugarcane 360 750 5400
Vegetables 120 650 1200
Cotton 200 1300 2200 5
Solution:
Here,
: ; Area _ 3000
Water required for rice = pyr = 7y = 3.529 cumecs

|

The culturable commanded area of a channel is lbOODba.Theintm.ﬁyof ,
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_ 4500
aty ~ 1700

Water required for sugarcane = {-\)rﬁ % = 7.2 cumecs

Water required for vegetables = {)\il -1—25((),)—0 = 1.846 cumecs

Area

Water required for wheat = = 2.647 cumecs

Water required for cotton = 5 = 355 = 1.692 cumecs

ow,
:later volume required by rise in 120 days of crop period is given by;
=3.529 x (120 X 24 x 3600) = 36588672 m*
Water volume required by wheat in 120 days of crop period is given by;
— 2,647 X (120 x 24 x 3600) = 27444096 m*
.Water volume required by sugarcane in 360 days of crop period is given by;
=172 % (360 x 24 x 3600) = 223948800 m>
Water volume required by vegetables in 120 days of crop period is given by;
=1.846 x (120 x 24 x 3600) = 19139328 m’
Water volume required by cotton in 200 days of crop period is given by;
= 1.692 x (200 x 24 X 3600) = 19139329 m*
Total water volume requued by all five crops = 36588672 + 27444096
+223948800 + 19139328 + 19139329
= 124706225 m®
=124.71 Mm®
Considering 18% canal losses and 14% reservoir losses; we have,

-32%1? 176.82 M’

Capacity of reservoir =
PROBLEM 26

Define GCA, CCA, NCA, base period and crop period. Derive a relation
between delta and duty. [P.U. 2015]

Solution: See the definition part 1.4 and 2.1.2

PROBLEM 27

How can you define irrigation? Mention the major advantages of

i.rrlgttion. Explain briefly the factors affecting crop, water requirement.
[P.U. 2015]

Solution:

The term irrigation can be defined as the artificial application of water to the
land for purpose of raising the crops. A crop Fequires a certain amount of
water at some fixed interval throughout its penod of growth. The basic
objectives of irrigation are to supplement water to the land so as to obtain an
optimum crop yields.

Following are the some advantages of irrigation:
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i)  Increase in food production

ii)  Elimination of mixed cropping

iii) General prosperity

iv) Domestic water supply

v)  Facilities of communications (inspection acts as a link road for differgy,
village)

vi) Inland irrigation

vii) Afforestation

viii) Flood control

ix) Insurance against drought

The crop water requirements is defined as the total quantity and the way j,

which a crop requires water, from time it is shown to the time it is harveste |

|
The water requirements will vary with crop as well as with the place. j
The following ate the factors which effect on the water requirement of 1, !
Crops; :
i)  Influence of climate |
i)  Type of crop !
iii) ground water table !
iv) Ground slope i
v) Intensity of irrigation ‘ [
vi) Conveyance losses
a) Type of soil
b) Subsoil water i
¢) Ageof canal ,
d) Position of FS.L. with respect to N.S.L.
e) Amount of silt came by canal {
f)  Wetted perimeter ‘
vii) Method of application of water :

viii) Method of ploughing

ix) Crop period
x)  Base period
xi)  Delta of crop

[) Influence of climate .
In hot climate the evaporation loss is more and the water requirement will be |
more and vice versa. Major climate factor which affect on crop waler
requirements are sunshine, temperature, humidity and wind speed.

Clisuate factor Crop water need
High Low’
Sunshine  |Sunny (no clouds) | Cloudy ( no sun)
Temperature Hot Cold
. Humidity Low (dry) High ( humid)
Wind speed Windy Little wind
Table: Effect of major climatic factors on crop water needs

F-Cmp Water requirements (mm)
[T Rice 900-2500
Wheat 450-650
Sorghum 450-650
Maize 500-800
Sugarcane 1500-2500
Cotton 700-1300
Tomato 600-800
Soyabean 450 =700
Potato 500-700
Table: Total waler requirement of crops
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i) Inflvence of crop lype of crop water needs
pifferent crops require different amount of water for maturity.

' According to amount of water required plant can be classified into:

a) Low water requirements plants
Plants that require low levels of water are often called drought tolerant plants

For example; red cedar, live oak, crape myrtle and citrus trees

b) Mild-level water requirement plants

Most of plants can be categories in this group. These plants do not necd to be
water every day but they need to be watered when the soil has been dry for
over a week or two. For example; geraniums, most roses, wisteria, sunflower
and most flowering perennial shrubs

¢) High water requirement plants

Some plants requires large amount of waters. These plants grow in marshy
areas on bags or along the banks of river, streams and lakes. For example; iris
plant, cannas, bee balms, ferns, ctc,

Iv) Waler table

If water table is nearer to the ground source the water requirement will be less

and vice versa,

v) .Ground slope

£ the slope of ground is steep the water requirement will be more intensity

greater will be the water required for a particular crop.

vl) Intensity of irrigation
It is directly related to water requirement the more intensity greater will be

| the water required for a particular crop.

vi) Conveyance losses

Take place from canal intake to field (outlet). So design should be according to
requirement of water plus losses,

vill) Method of application of water

| 3 . . . . . .
. In sprinkle method less water is required as it just moist the soil like rain
- water, whereas in flooding method more water is required.
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W | Method of pIDUthngt _
- Indeep ploughing'lcss water is required and vice versa.
| x) Crop ‘perlod_

It is time normally in days that a crop takes from-instance of sowing ty
harvesting. |

xi) Base period

It is the time in days between first watering and last watering to the crop
before harvesting. -

xii) Delta of crop YRk

Total depth of water required by the crop in unit area during base period. In

another words it is the total depth of water required for maturing crop.
Volume = Depth X Area i |

Volume

Volume = Time
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31 CLASSIFICATION OF CANAL

According to function; canal is classified mto,

i) lrrlgatlon canal

It carries water directly to the agncultural fields.

ii) Navigation canal -

The canal which is utilized for nawgahon besides doing irrigation.
-iif)  Power canal

The canal which is utilized for power generation.

iv)  Feeder canal

It is constructed with the idea of feeding two or more canal.

v) Carrier canal
A carrier canal besides doing irrigation carries water for another canal.
Based on financial output, canal is classified into;

) Productive canal

The canal which yields net revenue to the nation after full development of the

irrigation in the area is known as productive canal.
i)  Protective canal

The canal which is constructed with the idea of protectmg, a particular area

from famine is termed as protective canal.
Based on nature of source, canal is classified into;
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| d) Minor distributarles

! Thelr discharge is usually less than 0.25 cumecs. They supplies water to the

0 Permanent canal

A canal i said to be permanent when provision of a regular graded chany
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and masonry works for regulation and distribution is justified by § Wl water courses through the outlets provided along them.

assured source of supply. The canal which get water throughout the year

called permanent canal. Permanent canal taken off from the source whi, ¢
dry for part of the year is called seasonal permanent canal.

)  Inundation canal ) o

_ “They draw their supplies from river when there is a high stage in river, 7
are not provided with any head works for diversion of river water Lo cany],

- Based on discharge and relative importance;

i) Maincanal
i) Branch canal (Discharge > 5 cume)
i) Major distributary (Discharge % to5 cumcc)
oTom i 4
~iv) . Minor distributary (Dnscha:ge <z cumec)
v) - Ficld canal
Based on canal alignment;
) Watershed canal
i) - Contour canal
_ iif) ~ Side slope canal
Based on lining;
") Unlined canal
i)~ Lined canal

32 COMPONENTS OF CANAL IRRIGATION SYSTEM
The components of canal irrigation system are as follows;
D  Head work :
The headworks comprise of all the works to store divert and controls the river

" water and regulate supplies into the canal.

i)  Canal network |

It may consist of main canal branch canal, distributaries, water canals etc.
a) Main (major) canal.

- It is the channel taking off from the head work.

carried out from the main canal.

b) Branch canal ‘

When a main canal reaches the area which is to be irrigating, it gets divided
into branches going to different parts of the area. These branches are called
branch canal. In branch canal also do not carry direct irrigation
Branch canal are usually feeder canal for distributaries. They usually carry ?
discharge of over 5 cumecs.

c) Major distributarles

No direct irrigation is usually

" These are small channels, taking off from the branch canals or sometim®i i

from main canal. They supplies water through outlets to water courses ¥
direct irrigation. Their discharge varies from 0.25 to 5 cumecs. i

N

e) Waler courses
1t is small channel connecting outlets to fields. Farmer normally constructs it.

i i) Structures in canals
{ 1t consists of cross drainage structures, canal falls, canal escapes, cross

regulators, distributary head regulators, outlets, etc.

a) Cross drainage structures
| These are structures constructed at the crossing of canal and natural drainage

' 50 as dispose of drainage water takes place without interrupting continuous
canal supply.

b) Canalfall

Whenever the available natural
ground slope is steeper than the
design slope the difference is
adjusted by a fall structures
called canal drop or canal fall.

c) Crossregulators
. Itis a structure provided on the
parent channel just downstream
' of the off take point of the off
taking channel to raise water
level -in the parent channel so
that the full supply can be taken
into off taking channel even
when the parent channel is running full.

d) ; Distributary head regulator
A distributary head regulator is provided at the head of each distributor and
branch canal.

e) Outlet i -
An outlet is usually pipe embedded in the bank of channel with discharging
capacity in proportion to the area to be controlled from that canal.

3.3 ALIGNMENT OF CANAL

Canal has to be aligned in such a way that it covers the entire area proposed

to irrigated with shortest possible length and at the same time its cost

including the cost of cross drainage is minimum. The alignment of canal
should be done on the basis of following approach.

i)  The alignment should be done such that (1) Minimum number of C/D
works (2) Most economical way of distributing the water to the land (3)
as high command area as possible.

The alignment of canal on watershed is preferred since it is most
economical.

| <l
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iii) The length of main canal should

_ . be minimum between two points.
iv) Alignment should avoid villages,

; roads, cart tracks, cremation
places, places of worship and
other valuable properties.

Watershel or ridge line i

]
|
|

v) Ideal length of canal should be
minimum and branches should
be economically planned,

vi) The alignment should not be

made in a salty rocks or cracked
strata.

Based on alignment of canal frigation,
" canal can be of following three ways.

i) Watershed or ridge canal |

Watershed or ridge line is highest line between two drainage areas. | ;

aligned along a watershed or runs for most of its length on watershed. Wh,,

a channel is on the watershed it can command areas on both banks.

-Advaniages

1.~ It can'command areas on both banks and so large area can be brougp
under cultivation. ‘

2. No drainage can intersect watershed and hence the necessary of
construction of cross drainage structures are avoided.

Figure: Ridge canal

|
|
{
i
|
1

Disadvantages
1. The depression in the ridge line may also necessitate construction of |
canal bridge, siphons.

2 Inhead reach it is not economical to align in ridge. '

3. If watershed is passing through village or towns this canal may have to
leave the watershed for some distance.

1)  Contour canal '

A channel aligned parallel to contour except for the necessary longitudinal

slope is called a contour canal. Such type of canal is constructed in hilly areas

Figure: Contour canal
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I

Advantages A '
1. Itiseconomical than ridge canal when ridge is very higher than river flows.

2 Itissuitable for contour farming.
3. Itissuitable for hilly region.

pisadvantages
1, Itirrigates only one side of the canal so serve small area.
2 As the drainage flow is always right angle to

contours such a canal would have more cross

drainage structures, Side
lope
Wy Side siope canaf —

It is a channel aligned roughly at right angle to
contours. Such a channel is roughly parallel to the
natural drainage and hence does not intercept cross
drainage and hence no cross drainage structure are
required.

34 ALLUVIALAND NON-ALLUVIAL CANALS

Allyvial canal . .

The soil, which is formed by transportation and deposition of silt through the
agency of water, over a course of time, is called the alluvial soil. The canals
when excavated through such soils are called alluvial canals. Canal irrigation
(direct irrigation using a weir or a barrage) is generally preferred in such
areas, as compared to the storage irrigation (i.e.,, by using a dam).

Non-Alluvial canal

Mountainous regions may go on disintegrating over a period of time,
resulting in the formation of a rocky plain area, called non-alluvial area. It has
an uneven topography, and hard foundations are generally available. The
rivers, passing through such areas, have no tendency to shift their courses,
and they do not pose much problems for designing irrigation structures on
them. Canals, passing through such areas are called non-alluvial canals.

3.5 CANALSTANDARDS AND BALANCING DEPTH

Balancing depth
For a given canal section, the depth of cutting for which area cutting is equal
to area of filling is called balancing depth. :

950m| MOm| 930m

Ground contour

Size of canal
Minor Major
SN emb distributaries | distributaries Maiy sl Ianch canals
Below Below | 4 1,5 151010 10t030 | 30to150
03 |[03tol
cumecs|cumecs| cumecs cumecs
cumecs|cumecs
1. |Maximum width of
the bank crest 1 15 2 223 & ?
2. _|Width of roadway Nil | 35 35 5 5 6
3. |Free board 0.3 0.4 05 0.6 0.75 09
4. [Depth of earth cover
over saturation| 05 0.5 0.5 05 08 1
gradient
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5. [Width of berms : Maximum berm width = 06 m|
th \
+ ({) of the width of
combined side slopes of culting
and embankment.
Maximum berm width = 0.6 m
h
+ G) of the width of
combined slopes
6. [Width of land to be|Half the height of the bank
acquired  (clear offabove ground, subject to
banks) when canal is|minimum of 1.5 m
cutting is
7. |Width of land to be|Full height of bank above
acquired  (clear of|ground level plus 1.5 Full heighy
banks) when canal of bank +5
cutting is lesser than m
the balancing depth
Table3.1: Cana| Stangy
Example 3.1 | :
Refer the canal section as given below.
12m 12m

Solution:
Area of cutting= (2 + 1.5 x h) h B r
Area of filling = (1.2 + 2 X 0.6) 0.6 x 2 |
For balancing depth; we have,
Area of cutting = Area of filling

or, 2+15xh)h=(12+2x06)0.6x2
or, 2h +15h*=144+144
o, 15h*+2h—288=0
% h=087m !
* Hence, balancing depﬂliSO.é? m.

36 CANALDISTRIBUTION SYSTEM

It has emphasized earlier that the direct irrigation scheme using a Wei xfr
barrage, as well as the storage irrigation scheme using a dam or 2 n‘ﬂf‘]‘:
require a network of irrigation canals of different sizes and capaciti
entire network of irrigation channels is called the canal system. T

system consists of;
i)  Main canal
ii)  Branch canals

iii) - Distributaries

71
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iv) Minors (minor distributaries)
v) Watercourses

In case of direct irrigation scheme, a weir or a barrage is constructed across
the river, and water is headed up on the upstream side. The arrangement is
known as Head works or diversion head works. Water is diverted into the
main canal by means of a diversion weir. A head regulator is provided at the
head of the main canal, so as to regulate the flow of water into the main canal
The canal distribution system is shown in the given figure.
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3.7 WORKED OUT PROBLEMS
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|
| PROBLEM 5

PROBLEM 1 With a neat sketch, explain the canal distribution l}ﬁ&ﬁiﬁﬁﬁfzhi

An irrigation canal has a bottom width of 8 m and side sl fiss reglon of Nepal. [2074 Bhadra]
R.' on cal a om L) m opes o 1.5 " ':w okt et - -

in catting and 2 H : 1V in filling. The width of the crest of bank is 2, ‘:ﬂ Solution: See the definition part 3.2

its height above the ground level is 3 m. Compute depth and draw n,, | PROBLEM 6

section of canal illustrating various dimensions and level it. [2072 Ay, i

e n) A canal has bed width of 8 m. Full supply depth of water is 1.5 m, side slope
Solution:

in cutting 1 : 1 and filling 1.5 : 1. Top width of the bank is 1.8 m and service
e : | |bank is 5 m. Free board is kept 0.6 m. Calculate balancing depth so as to get
] the most economical section. [2074 Bhadra]

Solution:

18m 5m
le—> je—»|
15:1

15:1
psi. 0° "‘I 21-d| Foam
/ '

/
. 15m ,
From the question, 1:1\ ld m i
Balancing depth (h) = ? J

8
Now, [ m

Area of cutting = 8h + 2 G xhx15 h) =8h+15K2 | Letservice bank (road) is providled 0.4 m above F.S;L.
Area of cutting =8d + 2 X5 Xd xd =8d +d”

Areaof filling = 2[2x 3+ {3 x (3% 2) x 3} x 2] = 48 m?

. 1 R
For balancing depth; we have, Area of filling = [1-8 x0.2+2x5(15x (0-2)‘]]

Area of cutting = Area of filling - ' Upper part
or, Bh+15h'=48 H[6+18+2x15X02)(19-d) +2x3x 15019 - d)?] x 2
or, 8h+15h -48=0 Lower part
Solving; we get, . =[042+74(1.9 - d) +1.5(1.9 - d)*] x 2

h=358m . For balancing depth;
Hence, the balancing depth is 3.58 m, Area of cutting = Area of filling
PROBLEM 2 or, 8d+d?=[042+74(1.9-d)+1501.9-d)*] x2

- Solving using calculator; we get,
Z::i:‘. : ::.; :t:t::;,::::: the major components of an irrigation syste: d = 1.255 m or 15.85 m (unfeasible)
= - Scerth e "“3‘ = [2072Maghl 5, Balancing depth = 1.25 m
olution: e definition .
o PROBLEM 7
PROBLEM 3
Explain with appropriate sketches the components of canal irrigation

Describe in what way you can align an irrigation canal for an agriculturd EE“‘" [2076 Bhadra]
land? Also write about canal standards and balancing depth. [2073 Bhad®l  Solution: See the definition part 3.2

Solution: See the definition part 3.3 and 3.5

PROBLEM 8
PROBLEM 4 Derive balancing depth for a canal, Calculate balancing depth for a canal
Describe with sketch about possible alignment of irrigation canal. section giving a bed width equal to 20 m and side slopes of 1.5 : 1 in cutting
[2073 Mag  [and 2:1in filling. The bank embankments are kept 4 m higher than
Solution: See the definition part 3.3 und level (berm) and crest width of banks is kept Sm.  [2077 Chaitra]
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Solution:
Here,
Arca of cut = by + zy2= y (b + zy)
Areaof fill =2 [(h=y)t+n(h-y)]
Equating the area of cut and fill
y (b +zy) = 2[{(h=-y)* t] + n(h-y)?]
or, by +zy?=2ht+ 2n (hi-2hy +y?)
o7, y¥(2n=z) - (b+dnh+ 20y + h(2t + 2nh) =0

This is the required equation for balancing depth of canal; where, 'y jy

of cutting 'n : 1' ia side slope of canal in cutting 'z : 1' is side slope of (), “I: |
Is top width of canal bank, b is bed width of canal, 'h' is vertical heigly “[tt ; [

of bank from bed of canal.

fetay

Filling

Let's assume,
A=(2n-z)
B=-(b+4nh+2t)
C= (2t + 2nh)h

R 2_4AC
Balancing depth () = L2V E=4AC

2A
From the question,
Bed width of canal =20 m
Side slopes in cutting =1.5:1
Side slopesin filling=2:1
Height of embankment above berm = 4 m
Crest width of banks =3 m
-Balancing depth (y) =?
- Here; -
‘ Area of cutting =20y + 1.5 y2

Arcaof filling=2[4x3+2x (4))] =2[12+32] =88 m

 For balancing depth,
Area of cutting = Area of filling
15y2+ 20y =88 m? :
or, y =348 m'

o A ———_— — . —————— e

PROBLEM 9

Chapter 3: Canal Irrigation Gystam | 7%

R,'—[;l_ll;l"ﬁ-l—ll;_nﬁ;irlilll—kolglul— the "Enmpmumu' of canal Irrigation

system.
Solutlon: See the definition part 32

N [2078_5n!_ah.|th|
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41 DESIGN CAPACITY OF CANALS

Following points should be taken into account while fixing the capacity of

canals: -

0 . Different types of crops that would be sown in any season should be
known.

o The peak rate of water requirement of all crops in each season of a year
should be known.

O The capacity of canal should be sufficientto fulfill the maximum of the
peak demand of all the crops that are required to be irrigated at any
one time amongst all the seasons.

-0 A canal designed on average outlet factor is proved to be very

inadequate, as it fails to supply the required water to the crop at its

. peak period i.e., at the time of kor watering.
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o Canal should be designed for non-silting and non-scouring velocity, i)
42 SEDIMENT TRANSPORT IN CANALS

Flowing of water on the natural or artificial canal scour its bed. Silt or gray
or larger particles are detached from the bed of canal and are moved d/s
the canal with moving water. This phenomenon is called "sediment transpop
in canals".

Procedure of sediment transpoﬂ (with respect to shear stress)

i) When the average shear stress 1o on the bed of an alluvial chang
exceeds the critical shear t. the sediment particles start moving j = iii)
different ways depending upon the flow condition, sediment siz, |
fluid and sediment density and channel condition.

ii) At relatively low shear stress, i.e., average shear stress just exceeds thc
critical shear, the particles on the bed start to roll and slide, along the |
bed remaining in contact with bed surface with dlsconhnuom
movement such sediment is called contact load.

ii) ~ On increasing the shear stress, some sediment particles loose contat |
with the bed for some tunew:thbounce Tlustypeofsedmentam
called saltation load.

iv) It is difficult to distinguish clearly the bed load and saltation load
. These two are grouped together and termed as bed load. !

) With further increase in shear stress, the particles may go in |
suspension due to the turbulent fluctuation: The particles in
suspension move d/s such sediment are called suspension load.

vi) °  Both suspension load and bed load are originated from the bed of the
- channel and hence both are grouped under bed-material load.
‘vii) Actually suspended particle comprises the sediment particles

iv)

originating from the bed and the sediment particles which are not| v)

available in the bed. The additional load is the product of erosion in |

the catchment and is appropriately called wash load.

~viii) - The concentration of wash load is related to the availability of the ﬁne
material ‘in the catchment and their erodibility and is normally
independent of hydraulic characteristics of the stream. So, it is not easy
to make an estimate of wash load.

ix)  Irrigation channel are designed to carry certain amount of water and | -
sediment discharges. So, the sediment load transport effect the desngn \
of an alluvial channel. vi)

Practical concept of sediment transpoﬂ (with respect to velocity ol

flow)

There is movement of bed at low velocities. But as the velocity gradually

 increases the channel bed particles move resulting different shapes of channel |

.- bed. Following steps are relevant to describe.

i) When the velocity is gradually increased, then at 1% stage the bed
particles (sediment load) comes just at the point of motion. This stag¢ |
is called threshold stage of motion,

© left.
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On further increase in velocity, ripples of saw-tooth shape are formed
as shown in figure 4.1,

" Figure 4.1: Saw tooth ripples
As the velocity is increased further, larger periodic irregularities
appear and are called dunes. Dunes are superimposed with ripples at
their 1% stage of formation.

At higher velocity than (iii) ripples disappear and only the dunes are

|

Figure 4.3: Dunes

. On further increment of velocity beyond dunes the dunes are erased

by the flow leaving very small undulation or virtually flat surface.

{

Figure 4.4: Flat surface
Further increase in velocity result in the formation of sand waves in
association with surface wave. i.., In this stage shape of bed changes
the shape of flow.

Figure 4.5: S.md waves ln association w:th surface waves
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vii)  On further increment of velocity to make the Froude number (~»\' ) inciplent motlon (Threshold point)
: v/ | when the velocity of flow through a channel is very small, the channel bed

e tha flow oS —critical. This makes ¢
greater than unity, the flow becomes super-critical. This makes surfy,, | does not move at all, and the channel behaves as a rigid boundary channel. As

wave so steep that they break intermittently and move upstiy, | low velacity increases steadily, a stage | o when the shear f
. . ASeS ¢ , a slage 15 red * ] SNed

although the sediment particles move downstream. | the flo y inc adYy. & singe s reachnec Wikeh TI6 B1CEr Torve

| exerted by the flowing water on the bed particles will just exceed the force

. |
- Sand waves in this stage are called anti-dunes since direction i ! . _
' movement of bed forms in this regime is opposite to that of dup,, | 0ppoSINg their movement. At this stage, a few particles on the bed will just
Anti-dunes rarely oceur in case of irrigation canal. - " | gtart moving intermittently. This condition of motion is called the incipient

Incepient breaking qnd moving u/s motion condition or simply the critical condition or the threshold point.

/\/‘ o Lioe® f

44 TRACTIVE FORCE APPROACH OF CANAL DESIEN
The movement of the sediments at bed is caused by a forcé exerted on its
grains by the flowing water, This force is known as the tractive force and is
equal to the component of the weight of water in the direction of flow. For
Pasee Lk Astiduncs aniform flow, the mean tractive force per unit area is given by,

43 MECRANICS OF SEDIMENT TRANSPORTY . T=YwRS
3 Soil is assumed to be incoherent in the study of mechanics of sedimep where, T is the tractive force per unit area (kNm™2).

transport. _ The permissible tractive stress or the critical tractive stress (1) is defined as
Incoherent soll the maximum tractive stress that will not cause movement of the material
The type of soil in which no cohesive force is | forming the channel bed on a level surface. When tractive stress exceeds the
. present between the particles ie, ¢=0 like m critical tractive stress; the particles starts moving. The critical tractive stress is
sand and gravels. : ™~ | a function of the sediment concentration and the average particle size of the
The basic mechanism of the sediment — bed material in the case of channels in sandy soils.
transport is the drag force exerted by water in ions for critical tractive stress
the dmm of flow on the channel bed. This ) e g;,p:]:: :::aﬁon [for non scouring channel having protected side slopes]
force is pull of water on the wetted area and | Weight of water stored =¥, AL Shield defined the critical tractive stress (1) as that average shear stress (tp)
:;—a lm;)wn as tractive force or shear force or O l;hm ; at which the sediment particle on the bed of the channel just begins to move.
iy Jamescin g A7: Loagitudianl exmal sedtion |- 11 concluded that the bed particle begins to move when the drag force (F)

Let us consider a channel of length 'L' and x-section area 'A' as shown in the | exerted by the fluid on the particle, just equals or exceeds the resistance (F2)
figue 47. | offered by particle to its movement. These forces F; and F, are expressed as:
Volume of water stored = AL : i) The draglforce (F;) exerted by the flow,
: Weight of stored water = y,, AL 2 1 2
* 'where, y,, is the unit weight of water. F =K [CD rdT 5P VU] @)
- Horizontal component of this force = y,,ALsin 8 = y,,ALS - where, K; = A factor depending on the shape of the particle.
‘or, S=sin0 = tan8 (slope of the bed) : Cp = Coefficient of drag.
This horizontal force exerted by water is nothing but tractive force. f  d = Diameter of particle.

Average tractive force per unit wetted area = Unit tractive force Pic = Denslty of water.
ALS V, = Velocity of flow at top of particle, i.e,, at the bottom of channel.

ii) . The particle resistance (F,) is given by,
Fy = K[d® + (ps = pu)g] (#2)
where, p, = Density of particle.

_ This avgrage unit.trac‘live force is also called shear stress (19) = ywRS. pw = Density of water.
It may be noted that this unit tractive force in channels, except for wide open

channels, is not uniformly distributed along the wetted perimeter.

P

|
i
i
i
E S, = Specific gravity of particle = 5*‘-
’ 3 1 w
I
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: sternal
Ko = Ractor dependent on shape of particle and internad

ginominn

~

friction of e |
Soy

From equation ft1) we have,

K=K, lead=~;f\w‘\"l“] ) ¢ the bottom gf i
Acconding o Karman-Pradtt equation velocity of flow & Can,
(V) is given by,

PehR = V=Vl R y

- where, V' = shear friction velocity = [

R, = particle Reynold's number = V *
v = kinematic viscosity of water.

Pu
d |
v

The drag coefficient (Cp) is given by,
- V‘f . .
%2(.(.‘.9‘7.‘.’%(.__1_"&_“
c"’sz‘vT.d'Rf : [rﬁ:fz]r'
> |
x Cp=fR - !

Substituting (43) and (44) in equation (4.1); we get,
B =Ky [fo K- d - Vo K]

x ¥ 1
o R=Kh 6 dge.VoRY

From equation (4.2); we get,
Fo=ko[d (-1)pug] = Keld*- (G~ D] "
At critical condition equating Fy and Fy,
Kz'fz'f'f-%p,-vz-R: = K[y 'dS.(Gs -1)]
P, W 2K ) o '
V4G (g, fzf;’) Re
Bﬁt’ p'\'z =T: .n
T
Y.dG) " FR,) [Function of R
Tzu- 5% 0 | Constant value = 0.056
o 44 For R.2>400
g g
o
“ ki
Porei 13 m e s
—R

Figure 45; Shield's curve for incipient motion condition
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The term o, (Lr') s a dimensionless number and is called the Shield’s

Entraintment Funetion and is usually denoted by F,,

Fy = F(R,)
The shield's entraintment function "F," is the function of R, at critical stage of
bed movement. Based on this concept shield have been plotted graph between
'F,'and 'R, as shown in figure 4.8,

The application of this curve is more simple when R, > 400 or F, becomes
constant and equal to 0.056. Mathematically,

F, = 0.056 ,
Tc -
% G .
o, T.=0056 'ywd(G, -1) @7

Shield also found that practical Reynold's number (R,) exceeds 400 when the
particle size is more than 6 mm (i.e., for coarse alluvium soil). Therefore,
equation (47) is valid only for d > 6 mm.

Hence, according to shield the critical tractive stress is proportional to the
grain diameter and the submerged unit weight of sediment, and is given by;
1, = 0.056y,,d(G; — 1); for (d > 6 mm)

where, T, = Critical shear stress (kNm™2) or critical tractive stress

G, = Specific gravity of the sediment

d = Diameter of the sediment grain (m)
For no movement of bed particles;

Average tractive stress < Critical tractive stress

o, Tp<ST
o,  YuRS <0.056y,,d(G,—1)
or, RS<0056d(265-1)
o, RS< %
: d=11RS : (4.8)
This gives the minimum size of the bed material that remains at rest i.c., the
particle less than the size of (11 RS) m are not transported on irrigation canal.
Above equation (4.8) is valid only for d > 6 mm. General equation for critical
tractive stress worked out by Mittal and Swamee is,

0.409 d%m

.fl +0177d%m

1.= 0155 + N/m? [Valid for all condition] (49)

This relation gives result within 5% of the values given by shield's curve for

all the values of 'd",

Design of non-scouring channels with unprotected side slopes
(ltgblllty of channel slopes) :

Shlc"d's equation discuss about the stability of sediment particles only at
horizontal bed of channel. At horizontal bed, there present only one
disturbing force i ¢, shear stress, T = YwRS.
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about the smhilily of mhl%l
¢l, in additional 1y

cnmpnncnl of Wt‘ighli’
4

Under Whis heading we are going to discuss
partides at channel side slope, At side slope of chann
saross Whare presence another disturbing force i.c., the o
B particl, wtike at horiontal bed as shown in figure 2.7

Tea
Woos0=R .
= Normal reaction

Figure 49: Forces on a grain at side slope
Consider a grain of weight W' represents by a dotted circle on a side g,
and Nollow circle on horizontal bed of channel in figure 4.9.

Froe hedy dizgram at A Free body diagram at B
% ]\'h,.,ﬁcwdimﬁm 3 Rtan¢  TggFlow direction
?';. Y Y
531_ to paper

R Wsind R=Wcos0

lum . ‘ldmlizah‘on
11‘“'m‘ . Ts F‘
stin!.! Internal friction =R tan ¢ [
! I

w

W ' (b)
Fapme 422 2 Free body diagram at horizontal bed. (b) Free body diagram at sloping surface
wheme 1, =1 = Critical shear stress at level surface or horizontal bed
=Wand ,
<, = Critical shear stress at sloping surface.
& = Angle of repose of soil. i
Femm B 410 b) (1dealized figure) f
{(=.F + (Wsin8)” = [Wcos0 tan ]2 ;

= g+ —%sirwr:[gn%cosﬁtanq;r

3 %

e ﬁ*;ﬁ;;sn 8=1] cos’0
~ 2 I
. F=co?9-2°0 8 !
= ="y w
.t_s- 3 lan29 {
ax. == 0|1 - ,
T m5¢ !
|
L tan’g A
nd g e {;'\"T it

3 v g (

V) The area of cross section is then determined from the relation, A = Q

| 40); we haves 2
Also, from equation { v i)~ sin 0
(] coror (a0~ O rh
Tl

-1
=1 —sin20[1 + tanid’l

2 N
1 4 tan i
=1_sin20[_——-r¢fﬁ]

tan

Figure 4.11: Distribution of tractive force in 2
trapezoidal channel section

(4.2)

1, = Critical tractive stress On sloping surface. ;

1, = Critical tractive stress on level surface (at the bottom of canal).

0 = Angle of sloping surface.

¢ = Angle of repose.

K = Tractive force ratio.

The above equation shows that &, <Tr, which shows that the shear stress
ired to move a grain on the side slopes is less than the shear stress
ired to move the grain on canal bed. Moreover, on the canal bed, the

average value of actual shear stress generated by the flowing water in a canal

of given 'R' and 'S'is given by the equation;

Wheret

1= YwRS (413)
While on slopes, this value is given by;
1= 075y, RS (4.14)

Design procedure by tfacdve force approach
i)  The permissible tractive stress is obtained from the observed data of
the existing channel based on the sediment concentration.
i)’ Asuitable bed slope 'S' of channel is then selected either with reference
to average ground slope along alignment or on the basis of experience.
iy ~ The value of 'R' is determined from T = 1. = Y,,RS
iv) A suitable value of manning's rugosity coefficient 'N' is assumed and
mean velocity 'V' is obtained from manning's formula.
1 21
J 1y 2
Stickler's formula (N) = (ﬁ) ds (4.15)
T v
Vi) - Knowing the 'R' and 'A' the bed width 'B' and depth 'D' of the canal.
may be determined.
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: Exurnplo 'Rl

Design a canal to carry a d
in 5000, ‘l‘henilhtolmaﬂwiﬂm with ha

Mﬁlﬂtﬂnotmmﬂl235wm .

Solution:
Given that:

Q =50 cumec
S=000
d=6em=006m
From Stickler's formula; we have,
1 137 5
n= % xdt = 51? x (0.06)8 = 0.0260
Tractive stress on bed level of canal (7)) = 235 Nm™2

T=1=Y,R5
ar  WIOxRx1
> i
e Kot et
-~or, R=1198m

=-,'}=67974m
Now;, assuming side slope ofchannelasO.‘S 1; we have,
BD+05D*=81433=A
or, B+ DV5=P=67974
Solving these two equations; we have,
67.974D ~ 2236 D* + 05 D* = 81.433
- or, 1736D*-67974D 4 81433=0

ischarge “discharge of 50 cumec.'i:he slope of the canaj N
g a grain size of 8

Corep.

st M At R

tan 0_. 0 _lan 30° = 0577
1;' -co'lﬁ ’1 m—cosBO ’] m

jmum shear stress required to dislodge the grain on side slope is given by;
m

Mm
=0, 5571.1
¢, {or the stability of the shear stress on the slopes of a channel must be
enc
H oss than or equal to 0. 5571y
ie, 0= =0557T,
~ But, the shear stress actua
| =071
| 075y,RS < 05571,
d

lly generated on the side slope of the channel is;

f or, d - ]
But, L= YwRS = Yw 1T [From (4.8) 1= RS

d
0-75]’sz < 0.557yw 11

RS<0067%6d
RS < (0.0676 X 0.05) m

, Rx1
on ms(ﬂ.ﬂé?éxﬂ.%)
:or, R<338m
or, y<338m (y=R)

Adopting 20% safety factor y = 2.8 m; hence,
E A=y(b+x)=28 (b +4.85)

or, P= b+2‘/x2+y7 b+2J236+784 b+11.22

TXdz—fX(OOS)G—OOZSB
| From the given figure; we have,
s {11 S

% = tan30° B

;:or, x=28/3=485m
i

»x

or,
or,

\,______’30‘

B mis 3 . Ex |
St it V=38 = ) -1
HIT R S ' ‘Now, Choosmg trial values of b and proceeding to make Q equal to 56 cumecs.
D=1.Bs7m | b in metres A P RS Vo Q
and, B=65208m | : 21.980 14.220 1.546 1.635 35.937
f 24780 | 15220 1.628 1.693 41.942
Exa 4 [ -
mple 4.2 5 27580 | 16220 | 1.700 1.742 48.053
AmﬂhuhkﬁpﬁdbmyadndurgeofSGmmec.Theslopeotth‘ il 6 30.380 17220 1.764 1.786 54.248
canal is 1 din 1000. ‘l‘huilucomenlhnmhamgagrmnmaofSﬂﬂ R 7 33.180 18.220 181 1.824 60-
assuming the canal to be unlimited and of a trapezoidal section, determint 1—63 5 - - =15
. AL, ot foze - 220 17.520 1.782 1.798 56.121
lntoe u | 629 31.192 17.510 1.781 1.797 56.058
Assuming the side slope of channel as; 8 = 30°, then, }"

_J

ence, use 6.3 m base width and 2.8 m depth.
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45 DESIGN OF ALLUWIAL CANALS (KENNEBRY'S AND LACEY'S Tl[..n
The alluvial canals consist of afluvial soil which can be scoured casly
Morcover, the velodity is low which encourages silting. Thercfore j, -
allovial channel, both scouring and silting may occur if the channel i o
The equation given by Chezy's and Manning's are applicable only for rigy
boundary channels, For the design of alluvial soil channel In Nepal, th
hypod‘eiiml&misgivmby!(mncdyandl.accyamuscd.

451 Kennedy's theory :

This theory is proposed by RG. Kennedy, an executive enginecr of IrTigatiq,

Department, Punjab. From the experiment and observation of 30 year |,

concluded the following. ;

O The silt supporting power in a channel cross section was maipy
dependent upon the generation of eddies, rising to the surface. @

O These eddies are generated due to friction of flowing water wi
channel surface.

Concept of critical velocity i
The vertical component of these eddies try to move the sediment up, While}
the weight of the sediment tries to bring it down, thus keeping the sedimen
in suspension. Based on this concept, he defined the critical velocity (vo)in,i
channel as the mean velocity which will just keep the channel free from silting|
or scouring and related to depth of flow by the equation,

Vo= Cy“ E
where, C;, C, are constants depending upon silt charge and are found to k,
0,55 and 064 (in MKS. or S1. units) respectively. :
= VQ = 055y°“ 5
This equation is not valid for all type of soil or silt. Considering this limitation
he introduced a factor ‘m’ in this equation to account for the type of soi
through which the canal was to pass. This factor is dependent upon the il
grade and is named as aitical velocity ratio (CVR). The equation was thu
modified as,

|

Vg =055my" z
where, V= Critical velocity in the channel in m/s. {
y = Water depth in channel in m. . :
m=CVR :

Table 4.1 '
Recommended Values of C.V.R (m)
SN.|  Typeofsilt Value of m f
1 |Light sandy silt, a little coarser 11 ‘
Sandy, loamy silt 12 i
Debris of hard soil 13 ,'
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e
Pesign procedure by Kennedy's method

i)

if)
i)
iv)

Determine the critical velocity by using the equation, Vo = 0.55 my” s
by assuming the trial value of depth.

Determine area by dividing the discharge by velocity i.c., A = %.

Determine the channel cross-section, i.c., area, wetted perimeter.
Compute the actual mean velocity (V) that will prevail in the channel
of this cross section, by using Kutter's formula, Manning's formula, etc.

a) Kuiter's formula
B L
A n
1+ (23 + T)T_

1, (734 0.00155
where, C = 11 (53 . 0_001555 :n- .

VRS = CVRS

b) Manning's formula
v=Lris
where, V is the velocity of flow in m/sec.
Ris the hydraulic mean depth in m.
S is the bed slope.
n is the rugosity coefficient.

“The value of 'n' in both of these equations depends upon the condition and
also upon discharge. The values of ‘n' may be taken as given in table below.

Table 4.2
Recommended values of manning's coefficient n for unlined channels

Condition of channe! | Value of 'n'
Very good 0.0225
Good 0.025
Indifferent 0.0275
Poor - 0.03
Discharge in cumec | Value of 'n’' for unlined channels
14 to 140 0.025
140 to 280 0.0225
280 and above 0.02

c) Chezy's formula

V = CVRS (4.13)
where, C= Chezy's constant depending upon the shape and
surface of channel.
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R = Hydraulic mean depth = %
S = Bed slope of channel.

Among these three formulas, generally Kutter's equation is used iy
| Example 4.4

Kennedy's theory.

v) If the two velocities Vo and V work out to be the same, then assumgy
depth is all right, otherwise change it and repeat the procedure, t] V,
and 'V" becomes equal. ‘

Example 4.3

Design an irrigation channel to carry 30 camecs of discharge. The chann,|
is to be laid at a slope of 1 in 5500. The critical velocity ratio for the soil j,
1. Use manning's rugosity coefficient as n = 0.0225. Channel side slope
1H:2V. '
Solution:
Given that;
Q =30 m?/sec.
m=1 .
n = 0.0225
S=15500 . . R
Sideslope=1H:2V—1V: 3H -z =05
" Wehave, A
Vo = 055 my®**
A_Q_3

A

or,

Now, assuming first trial depth y = 1.5 m and proceeding the calculation in
tabular form.

Trialno. | y Vo A B i R \% Rjﬂf{‘f’;
1 15 | 0713 [42.078]27.302 | 30.656 [ 1.373 [ 0.740 | Vo #V
"2 | 175 | 0787 [38.12520.911 | 24.824 [1.536 [ 0.798 | Vo #V
3 2| 0857 [35.003 (16,501 [20.973 | 1.669 [0.843 | Vo # V|
4 18 | 0801 [37.444[19.902|23.927 [ 1.565 | 0808 | Vo # V.
5 | 181 | 0.804 |37.312[19.709 | 23.756 | 1571 | 0810 | Vo=V
6 | 1811 | 0804 (37.298 [19.690 | 23.740 |1.571 |0.810 | Vo= Y]

|
l
[
|
i
[
b
|
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Hence,
y=181Tm

and, B=19.902 m

Design an irrigation channel to carry 10.85 cumecs of discharge, with B/D
ratio as 2.5. The critical velocity ratio is 1.0. Assume a suitable value of
Kutter's rugosity coefficient and use Kennedy's method.

Solution:
Assume side slope of trapezoidal channel as 0.5 : 1.

Vg = 0.55 my®6! = 0.55y064
y=D

Vo= 0'55Dn.a

Q=AV

A=BD+2x3xDx3=D[B+3]

[._.mz ‘ll

Q=40=D[B+D]V,

40 = D[2.5D + 0.5D]V, = 3D*V,

Vp = 0.55D%

40 = 3D x 0.55D%*

»  D=334m

and, B=835m

Now, determine the cross section,
A=3D?=3x(3.34)2 =33.5m?

But,
or,

P=[s+2f] =1581m
R=p=io2 =212
Vp =055 x (3.34)%64 =1.19
Assume n = 0.023 and using Kutter's formula,

o oy + (23-+ 000155
| ”(23“*”5“0'00155}%12‘:

Assuming bed slope S = 1 in 4000

V=1114<119 "

V< VO : )

To increase the value of 'V', we must increase the slope, i.e., assume again the

value of 'S' as 1 in 3700, then, from equation (4.14); we have,
V=1189~119=V,

S0, use § = 1 in 3700

Hence, use the trapezoidal section as follows;

V2125 (8.14)

or,
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Depth=334m

Base width =835m
Side slopes = 05H: 1V
Bed slope = 1 in 3700

Example 4.5
Dedgll-htnigniudnndanﬁngudhdnrge of 20 cumecs with by
d-pedlhswo.mdhnbpcofd\mnelbdngl:lam.lm:‘mmﬁ
mﬂ.ﬁltmmvﬂodtyofchnnndto maintain noy,,
min;ndnunﬂﬁngcmu!iﬁoni-o.swuc.

Solution:

Q = 20 cumecs

S=1in5000

Z=1

n=0.014

Limiting velocity = 0.9 m/sec.

_Q_20_,,
A—v—njg—Esz

A=By+zy’
: _A-zy2_220-y?

o BTy Y ,
P=B+2y/1+2=B+2y/1+ () |
R=8" '

o
123
| Trialne. | y B P R V | Remarks ;
1 - | 15 |13313 17556 [1.266 [1.182 | v>09 |
2 1 [21.220]24.048 | 0924 | 0.958 | V > 0.9
3 | 09 |23789 26334 [0844 [0902] Vv>09 ;
4 | 0898|2386 26386 | 0842 | 0.901 | V ~ 09 :
5 |[0899| 2381726360 [0.843 [ 0901 | v=~09 ;

: , limiting value of velocity is 0.9; we can stop the trial. Hence, i

_ y=089m : ;

and, B=23817m

4.5.2 Lacey’s theory !

Kennedy's concept for the regime channel is that the channel with ncithﬂi
scouring nor silting velocity is regime channel which is not really "]
' according to Lacey. He put on his theory for regime channel and explains |
- the channel performing non-scouring and non silting velocity may not b¢”,

conditions. !
1 |

therefore, differentiated between the three reg™|
| "
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True regime
;:ollmvl"[; conditions should be satisfied for a channel to be in true regime;

Discharge should be constant

g Flow should be uniform

g Siltcharge should be conslant; i.c, amount of silt is constant

p  Silt grade should be constant; ie, type and size of silt is always
constant

g  Channel should be flowing through a material which can be scoured as

casily as it can be deposited (such soil is known as incoherent
alluvium) and is of the same grade as is transported.
But a real channel cannot be in true regime since all the above conditions can
never be satisfied and so the real channel can be either in initial or final

regime.

)] Initial regime

If the cross section remains unchanged and only the bed slope of the channe]
varies due to dropping of silt, then the channel is said to in initial regime.
When water flows through an excavated channel with narrower dimension
and defective slopes, the silt carried by the water may get dropped in the
upper reaches, thereby increasing the channel bed slope. Such channels are
termed as channel in initial regime, and regime theory is not applicable to
them. These channels appear to be regime but in fact they are not. They
achieve working stability only due to rigidity of their banks.

fif) Final regime
If there is no resistance from the sides and all the variables such as perimeter,

depth, slope, etc. are equally free to vary and finally get adjusted according to
discharge and silt grade, then the channel is said to have achieved permanent
stability, called final regime. Regime theory is applicable to these type of
channel only and not to all regime channel.

Final regime channel has a tendency to assume a semi elliptical section. The
coarser the silt, the flatter is the semi ellipse. The finer the silt, the more nearly
the section attains the semi circle as shown in figure (4.12).

Channel shape carrying coarse silt

Channel shape carrying medium sized silt

Channel shape carrying fine silt
Figure 4.12

45.2.1 Lacey's Regime equation

On the basis of his own observation and research and also the earlier
investigators, Lacey had developed the regime theory and evolved a number
of equations as follows:

) V=, é R (4.15)
2
o, R= g%— (4.16)
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i) AP =140V?

(4 n

- where, V = Mean velocily of flow in m/sec.

f = Silt factor.
R = Hydraulic mean radius in m.
A = Cross-sectional area (m?’).
The above equations are also called Lacey's basic equations.
Other derived equations from lacey's basic equations are as follows:

1. Slit factor-grain size relation

" According to Lacey, silt factor (f) is the function of mean particle sizc (d)
- the boundary material in the channel. Mathematically,

f=176Vd -
where, f = Silt factor.
d = Mean particle size in mm
= dxy (Size of particle corresponding to 50% fineness)

(4.18)

2. Velocfty-dlschareo-sllt factor relationship
(v-Q-f) relationshlp
This can be obtained from equation (4.17). Multiplying both sides of
‘equation (4.17) by v; we get,
AV =140V°
We have, continuity equation,
Q=AV |
From equation (4.18) and (4.19); we get,
Qff =140V*

1
2\ %
&2 0V= (%)

where, Q = discharge in cumecs.
3, ‘Perimeter-discharge relation (P-Q relation)

(4.13)

(4.19)

(420

421)

Relation between P-Q can be obtained by combining equation (4.15) and (4.20).

Squaring both sides of equation (4.15) two times; we get,
V= R
£= 25V‘
Rt
Combining equations (4.20) and (4.22); we have,
25v‘) ,
Q( oo fa 140v#

?.‘SQ

- 4R
We have,

(4.22)

= 140V*
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—
k=
and’ Q= AV
Then,
% = 140V?
1(p)
B sz S (AV)?
or, i Qz
P= 4.75,/6 (4.23)

;vhere ‘P’ is perimeter in m.

4 Regime flow equation (V-R-S Relation)

This is the relation between velocity, hydraulic mean depth and bed slope of
channel. It forms basis for determining the bed slope after computing the

channel X-section.
21

V = 10.8R353

5 = Bed slope
This equation is also called General regime equation.
s, Regime slope equations

a) S-F-Rrelafion

Cubing both sides of equation (4.24); we get,

V2 = 1260R%S
Also cubing both mdeq of equation (4.15); we gel,

V= (5) 2R:

From equation (4.25) and (4.26); we get,

(4.24)

(4.25)

(4.26)

3
33
1260878 = ()’ 22
3
a2
T
4980R?
3
0000212
0.000212
R2

b) $+-Qrelation
Equating equation (4.15) and equation (4.21); we gel,

(%)
o= 31 (%)

S=

" S= @4.21)
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Pl

(.9
R =(g3) U2y
Substituting equation (4.28) in equation (4.27); we get,

1
3 (3
S = 0.00022 (8—6"’—

= S= i ) “-29)

' 6. Regime scour depth equation
Squaring equation (4.15); we get,
2_2
V =gfR
5V?
or, R= iT :
Again squaring both sides of equation (421); we get,

% .
2 _ (QF°) ;
v~ (%) ~

Substituting (4.31) in (4.30); we get,

E(Q‘Z) t 5(140) Q!

11'—047((—2)5

: Equauon (432) gives hydraulic mean depth of a regime channel. In case of
wide channel the hydraulic mean depth (R) is almost same as the depth of
. flow. Equation (4.32) is also used to determine the Scour depth of a channel.

Design procedure for Lacey’s theory
i) Calculate the velocity from equation (4.21),

v- 5]
Wbere Qisin cumecs and 'V'is in m/s.
'f' is the silt factor given by equation (4.18),

(430)

(431)

432

m/sec.

f=176Vd

if) "Find out the hydraulic mean depth 'R' from the equation (4.16);
-1
AT

* where, V isinm/sec. and 'R' is in m.
iii) Compute area of channel section A = %
. iv) ~  Compute wetted perimeter from equation (4.23),
e P=ATEJQ :
where, P is inm and 'Q' is in cumecs.
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Knowing these values, the channel section is known: and finally the
bed slope S is determined by the equation (4.29),

[334"0‘]

where, 'f is the silt factor and 'Q' is the discharge in cumec.

Exgmplo‘é
w‘nﬂudnnndfwadudurgeofmmmd-ﬂtmll
using Lacey’s theory

~ Solution:

Q =50 cumec
f=11

1 ’ 1 ’
6 5 -
) v [ = [P - osemee

2
i) R=;(.‘¥) = g{!"_i‘%?)_} =1675m

Q_ 50
i) A=8=—“86 =563 m?
i) P=475/Q=475V50=3356m
For a trapezoidal slope with side slope, 0.5H : 1V

. - P=b+5y

"Aand,A=b+§
so, 356=b+/5y " 433
and, 56.3 = by +X2E (4.34)

From equation (4.33); we get,
b=3356 — 2.24y
Putting this value of 'b' in equation (4.34); we get,

E 2
563 = [3356 — 2.24y]y +%
= 3356y — 224 y? + 0.5y°
= 33.56y — 1.74y*
or, 1. 74y2 33.56y +563=0
o, y?=193y +324=0
“ Y =165 (neglecting unfeasible valuo)
b=3356 - 2.24 x 1.65=29.77m

g 013 ]= 1
LMOX(SO)G =2
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Differences between Eennedy's and Laceys theory
4 Kennedy's Theory Lacey”s Theory

{1t stztes that the st carried by the | It states that the silt cemes &, |

Howing water is kept in suspension | Sowing water is kept in sutqee,
iy the versical of eddies by the wverfical comporess | |
hﬂ:da:tgmama!fmnerhcd eddies which zre generzted i,

:“[‘“

1]

PR R CESWER A ‘

l
i gdﬁrd:nd. the entire wetted perimeter o 5, |
3 ' {channel i
%J:j i‘&smb_tnem'\"and‘ﬂ' jﬂdmm'\’and’ﬁ\‘{

i) initical  welodity satio o’ Smiadnr‘f'xsuumdua.d..)..‘}

f 3ntmdnmd o make the qn::on appliczble to differ,., ;
to different channels {channels with different silt grad,. |

'n)glﬁmz‘s eguation is nmd for | This theory gives an equation ¢ i |
the mezn velocity. finding the mean velocity.

) 'Tmthawrgmsnoquahmfm ‘Ihsﬂmygrvsanequammbl

Ihed dope. bed slope. !

n‘)pnﬂmﬂmrr the design is based | This theory does not involve tn‘}

J

{on trial and error method. and error method.

46 BESIGN OF LINEB CANALS WITH ECONOMIC ANALYSIS
Lining of canal means laying the stable (in erodible) material on the earthe |
surface of channel such as concrete, tiles, asphalt, etc. The seepage Josses i |
channel reduce the potential of supplied water. So, main objective of lining i|
1o seduce the seepage Joss and maintain the potential of irrigation water. |
madsamagesdmnallumgmasfollows' f
" L Seepage controf ’
Seepage losses can be considerably reduced by lining the channels. But the
cost of channel is increased by 2 to 2.5 times of the unlined channels. Ti!
heavy seepage losses also necessitate the higher capacity of the impoundirg|
reservoir and bigger dams. Lining of channels therefore reduces th,
impounding capacity of reservoir and also its cost. . .

ff)  Prevention of water logging ?
Seepage Josses through the unlined channels cons:derably increases the wats|
table in the surrounding fields up to or near to the ground level as to bring th
roots of crops within the capillary fringe. This enhances the alkali effects or]
the ground surface and hence makes the ground unfit for cultivation. L mmg.
reduces the seepage and minimize this effect on the ground surface, 1

|
i11)  Increase In channel capacity l
Lining of channel produces the smooth surface and hence reduces U]
resistance of flow. The flow through unlined channel is resisted by I
vegetation on the sides and bottom, The water on lined channel flows fastel|
and greater discharge can be achieved through the same section, Hence lining;

the channel increases the channel capacity, i

L
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" Increase in commanded ares

A tined channel can be designed not only smaller i cross section but 2lso

ﬂ“ﬂg in length. The sieeper ﬂ'adw‘-{ can be provided so that short
can be selected. Flatter gradiemt can also be provided without

mmalmcddml So the ined channe] hel Ips to bring high area under

command.

', Reduction In maintenance cost

Dae to less seepage loss, no vegetation and Jess silting property of lined
channel, its maintenance cost can be considerably reduced.

) Ellmination of flood dangers

An unlined channel founded in weaker foundation is always in danger and
¢here may also danger of outburst due to smaller cross—section in unlined
channel. A strong concrete lining removes all such dangers.

pisadvanioges of canal lining
i) Lining of channels requires high initial investment.
i)  Damaged lining is difficult to repair.
i)  The lining being permanent, it is difficult to shift the outlets if
. necessary.
i) There is no berm in lined channel which do not provide additional
safety for vehicles and pedestrians.

Reguirements of good canal lining

The essential requirements of good canal lining are:
i) Durability (D)

i)  Repairability (R)

ii)  Economy (E)

i)  Structural Stability (SS)

Shortly we can write as DRESS.

i) Durability

A good canal lining must be able to with stand the following:

%  Natural wear and tear

% Effect of velocity of water

9 ‘Rain, sunshine, frost and thawing

%  Thermal and moisture changes

L4 Chemical action of salts

% Damaging effect of cattle traffic, weed and rodent growth.

i)  Repairability
The lining should be such that it can be repaired easily and economically. For

- this Brick tile, boulder and precast slab linings are preferred to easily

repairable than that of cast in situ concrete lining,

li)  Economy
The type of lining selected should not only be economic in initial cost but also
In repair and maintenance cost.
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iv)  Structural stability . 4.6.1 Cross-section of lined channels

The lining should be strong enough to withstand the differential sub.q;) p  Triangular cross—section

water pressure due to sub-grade getting saturated through secpage or raing | Top of tining

due to sudden drawdown of channel. | N\ FsL frs. /
0

The other additional requirements to above essential requirements are:

i) Impermeability

The lining should be such that the see-page losses are reduced o ,
" considerable extent.

ii) = Hydraulic efficiency . ;

The lining should have low coefficient of rugosity so that the channel has, |
high discharge carrying capadity and channel section is hydraulically mqp,
effident. -

Figure 4.13: Triangular section
ﬂ;eseamforsmaller discharges
Let, Central depth = Radius of circle =y

iii) Resistance to erosion o _
The lining should be able to withstand abrasion due to sediment transporteg Area=mXy?X=+2X05XxyXyXcotd
by flowing water. Cement concrete and boulder linings provide better | o, A=y20+cot) wss
abrasion resistance as compared to brick tile lining. . 0 ‘
i Perimeter = 2my X — + 2y cot®
Types of canal lining i ™
The various types of canal lining can be grouped into following three or, P=2y(8+cotb) , (4.36)
E N - 0+ cotB
)] Exposed and hard surface linings .
1.  Cement concrete lining (In-situ) i) Trapezoldal section
- - ' : : Top of lining
2. " Precast concrete lining
ini . \__FSL fen. /
3. Shortcrete lining. - 7 .
4.  Cement mortar lining - :
5. Hydraulic lime concrete lining . y
6. Brick tile lining or Burnt clay tile lining B
7.  Stone blocks or undress stone lining ) B
8.  Asphaltic concrete lining s~ Figure 4.14 : Trapeznidal section
. H) . Buried membrane fining These are for larger discharges;
1. Sprayed-in-place asphalt membrane lining ; Ama:By-}-z(nyl XZ_E:I)+2(0'SX y Xy X cot@)

2. Prefabricated asphaltic membrane lining ‘

3.+ Polyethylene film and synthetic rubber membrane lining o, A =By+y’cot@

4 Bentonite and clay membrane lining - =y(B+yd+ycotd) (437
5. Road ol lining Paimtu=n+2(i§r{—9)+2ycme
fii)  Earthlining ' o
' P= B + 0+ t0-

1. Thin compacted earth lining 27042y 0 (439)
2. Thick compacted earth lining _ 4.6.2 Design Standards for lined channels

3. Loosely placed earth lining - ) Permissible velocities in lined channel

4. Stabilized soil lining : . Permissible velocities for different type of linings as per Indian standards are
£ 5.,

Bentonite soil lining ‘ . labulated as under,
6.  Soil-cement lining ;
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Permissible Velocity
2.010 2.5 m/scc.

1.8 m/scc.

Types of Lining
Cement concrete lining (Unreinforced)

Burnt clay tile lining

Boulder lining 1.5 m/sec.
Table 4.3: Permissible velocity in different types of linings

1)] Side slopes
The side slope should be nearly equal to angle of repose of sub-grade soj| 5

that no carth pressure is exerted over the back of lining.
Side slope (0) = Angle of repose (¢)

ic.,
1 Freeboard
Values of frecboard recommended for channels of different discharg,
carrying capacity are:
Type of canals l()::c:::se Freeboard (m)

1. {Main and Branch canals ‘ >10 0.75

2. |Branch canals and major distributaries 5-10 0.60

3. |Major distributaries 1-5 0.50

4. |Minor distributaries <1 0.30

5. |Water courses < 0.06 0.10-0.15

Table 4.4: Values of free board for lined canals

The free board in lined canal is measured from full supply level to top of
lining,

Iv) Bank widths

The minimum values recommended for top width of the bank are as follows

. Maximum top of width of bank

Discharge (cumee) | tion bank (m)| Non-inspection bmﬂ

1. |0.15t00.75 .50 ‘1.5

2. [7.5t010.0 5.0 25
3. |100t015.0 6.0 25 |
4. (15010300 7.0 35 .|

5. 130.0 and above 8.0 5.0
. Table 4.5: Values of Bank width for Iineal_li
v) Rugosity coefficient |

The values of rugosity coefficient for different typés of lining are as follows:

Value of Ig

Surface characteristics
1. |Concrete with

a) Formed no finish /pc tiles or slabs 0.018-0.02 ‘
b) Trowel float finish 0.015-0.018 |
¢) Gunited finish 0.018-002
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=~ TConcrete bed trowel finish and sides
a) Hammer dressed stone masonry
b) Coursed rubble masonry

0.019-0.021
0.018-0.02

¢) Random rubble masonry 0.02-0.025
d) Masonry plastered 0.015-0.017
0.02-0.03

¢) Dry boulder lining
3. | Brick tile lining
3. | Bri g

0.018-0.02
Table 4.6: Values of Rugosity coefficient for lined canals

4.6.3 Design procedure for lined canals

Data required for design are:
b} Discharge, Q

i)  Rugosity coefficient, N
iii) Bed slope, S

iv)  Sideslopes

v) Limiting velocity, V
Equations used for design are:

i) Continuity equation
Q=AV
ii) Manning's equation
1..21
V= N R3S

Procedure for design of lined channels (Trapezoldal section)
i) Knowing V, N and S. Find 'R’ using Manning's equation
Manning equation is,

1.21
V =g R3s2
:
R= (YTN) , (4.39)
52

ii)  Find area (A) of the section using continuity equation, .

A= % (4.40)
iii)  Find wetted perimeter,

P= T"} (441)
iv)  For trapezoidal section with rounded corners shown in figure 4.14.

From equation (4.37); we have,
A =y(B+y0+ycot0)
From equation (4.38); we have,
P =B+ 2y0 +2ycot® = B + 2y(0 + cot ) _
Since, A and P are known form step (ii) and (iii). The value of 'B' and
'y' can be found form equation (4.37) and (4.38).
Alternatively, if 'V' is not given but (g) ratio then following procedure is

followed,

[ ———
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ii)

A = By 4 y*(0 +cot0)
P =B+ 2y(0 + cot0)
Then,
A By+ y¥0 +cotb)
R=F=By+ 2y(0 + cot0)

v=0-__Qiven
A~ By +y2(8+coth) ’
From Manmng s equation, ’
= N}USI
Substituting value of R and V from (i) and (i) ta;pechvely,

Q (given) (By + y*(® + cot 9))3 1
By + yf(B + cot®) =N By + 2y(8 + cot8)

(T *

Using given ({3—,) ratio in equation (4.42) value of 'B' and 'y can be determipg ?

Procedure for design of Lined channels (Triangular section)
Knowing side slope (8), find 'A' and 'P' and 'R’ in term of depth ¥,

i)

- i)

From figure (4.13); we have,
From equation (4.35); we have,
A =y%(8 +cot9)
From equation (4.36); we have,
" P=2y(0+cotd) .

and,R:%=§

“From continuity equation; we have,

=0 Q. -
T A7 y(0 +cot#)

Manmng s equatlon we have,
=% R’SSi

\'/

|

0

Substituting the value of R' and 'V’ from equations (413) and (4.44); we gel,

Q 3
y3(8 + cot 8) N(%)

[I.IS ‘

The value of 'y’ can be delenmned from equation (4.45) knowing Q, N, 6 andS

best discharging section.
- Example 4.7

Equabon (4.43) shows that the tnangular section with circular bottom is t

\

Design a trapezoidal shaped concrete line channel to carry a distance d
250 cumec at a slope of 40 an/km. The side slopes of the channel are15:!
-|The value of 'N' may be taken as 0.017. Assume limiting velodity in th
channel as 3 m/sec.

. or,
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Solution:
Given that;
Q = 250 cumec
40 cm
Tm
gfdeslopel 5:1,ie,
cot0 =15
and, 8=cot™'(1.5) =0.588
N =0.017
V =3 m/sec.
i) From equation (4.39); we have,
3
R= 3 x0. 017
. (0. 0004)!
ii) A= %—%5—0—83.33m2
A 8333
ii) P= R=1072 = 20.465 m
iv) From equation (4.37); we have,

A=y(B+y0+ ycot8)

or, 83.33=y(B+ 05880+ 15y)

or, 83.33 = y(B+2.088y)

or, 83.33 =By+2088y%

From equation (4.38); we have,

P =B+ 2y(8 +cotB)

20.465 = B + 2y(0.588 + 1.5)

20.465 = B + 4.176y

Solving equation (1) and (2); we get,

From equation (2); we have,

B =20.465—4.176y

Substituting the value of 'B' in equation (1); we get,

83.33 = (20.465 - 4.176y)y + 2.088y>

or,

Cor, 8333 = 20465y — 4176y + 2.088y>

or, 83.33 =20.465y — 2.088y*
or, 2088y*— 20.465y = 83.33

‘Solving (3) for quadratic in 'y'; we get,

y =3:095 or —12.89 (Not possible)
y=3.095m
and, B=754m .

v

v}

®)

Therefore, the required depth is (3.095 + 1) = 4.095 m and bed width is

7.54 m [1 m added as a free board].
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e
Example 4.8
In example 4.7 if % ratio = 2.5 and limiting velocity is not given, find B apg
y.
Solution:

i) A = By +y?(0.588 + 1.5) = By + 2.088y?
P= B+2)(0588+15)-B+4176y

R_A_Bl + 2.088y?
P~ B+4176y

i v=Q-
2
i) V= gRS?

250 1 By-}z.ossf} 0004)2
g By+2.088y5"0.017[ y) (00000

Using B = 2.5y,
250 ¥ 2 19 [2.5y2 +2.088y%]
25yZ +2.088y2 2.5y + 4.176y

or  gassy? - 176|567y
2
or, 46335=y2x0.779x7y3

8
or, 595=y3
- y=463m=463+1=563m
and, B=463x25=11575m

Example 4.9

as 2 m/sec.

Solution:
1 § 1
V= I-IR 2

1
o 2= pintmm
Solving this we get;
R=279m
For side slope of 1.5:1; we have,
cot8 =15
or, 0 = 34.1° = 0.59 radians

Design a concrete lined channel to carry a discharge of 350 cumecs at a|
slope of 1 in 5000. The side slopes of the channel may be taken as 1.5: 1.
The value of n for lining is 0.014. Assume limiting velocity in the channel

i
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I
Using,

A=y (B+y0+ycoth)
and, P=DB+2y0+ 2y cot
We get,

A=y (B+ 059 + 1.5y)

P=B+2y059+2y %15

But, A= % 232—1755qm

1;7,5 B +2.09

175
o, B=-—7 y —2.09

Frlom equation (1), we gct

and:

BN

175
279=R=F= BF418y
175
279 =
or, 175 4,18
: (57— 209) + (%)
175 418 175
or, (7'—209)() ( ) ﬁ—627
Solving the above relation; we get,
y=32m
7
and, B=35-209x32=48m
Using free board of 1 m,

Depth oflined canal =3.2+1=42m
Depth of canal y = 4.2 m
and, Bed widthB=48m

Example 4.10

water depth of the channel as 4.0 m.

Design a concrete lined channel to carry a discharge of 350 cumecs at a
slope of 1 in 6400. The side slopes of the channel may be taken as 1.5: 1.
The value of n for lining material may be taken as 0.013. Assume limiting

Solution:
For a trapezoidal channel,

A=y (B+yb+ycotb)
P =B +2y6 + 2y cot®
For the channel side slope of 1.5: 1;
coté =15
or,  0=0.59radian
A =y (B+0.5% + 1.5y)
P=B+1.18y +3y =B + 4.18y
Given that;
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y=4m
so, A=4(B+209x4)=4B+33.44

P=B+118y+3y=B+418x4=B+16.72

4B +33.44
Hydraulic mean depth (R) = A =B311672
1
Q = EARjg
4B +33.44
or, 350 =gy (4B-+3340) X ( B+1672) (5200)
. (4B +33. 44}'5
(B +16. 72)5

Solving this equation; we get,

B=325m
Adopting free board of 1 m,

Depth of channely =4 +1=5m
Example 4.11
Design a lined channel to carry a discharge of 20 camec. Assume suitable

-|value of side slope and lining material as concrete with gunited finish,
Longitudinal slope is 1 in 7000.
Solution:
Let the channel section be triangular, since discharge is small.
Let side slope be 1.5: 1 then,
cot8=15

8 = cot"1(1.5) = 0.588 radians

Now,

i) A = y2(8 + cot 8) = y2(0.588 + 1.5) = 2.088y”
P = 2y(0 + cot6) = 4176y

R=A_ 2.088y?2
P~ 417y
. 20
ii) V= % = 2088y2
1.2
l.ll) \Y ='N R3S2

3
o ?_ossyi -x® (‘0’0—0)
Assume, rugosity coefficient N = 0,018 for concrete with gumted flﬂ15
table 4.6,

2 1
20 1 (/1
2.088y2 ~ 0.018 %) (o)
y=3235m
Providing 1 m free board, Total depth = 4.235 m,

h from

or,
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4.6.4 Economic justification for the lining of canal

The lining of channel will be economically justified if the extra cost of
pmviding the lining is less than or equal to the value of the benefits resulting
from it. Thus, the annual cost of lining and its annual benefit are worked out
to judge the economy of lining, which are as follows:

" 1) _ Annual benefits

Let, the rate of irrigation water to be sold to the cultivators per cumec be 'Ry".
If 'm' cumec of water is saved by lining; then,

Money saved by lining = mR;
Lining also reduces the maintenance cost. If average annual maintenance cost
be R, and 'p' be the percentage fraction of saving achieved in maintenance
cost then,

Amount saved = pR,

Total annual benefits = mR; + pR, 1)
i) Annual cost
Let the capital expenditure on lining be 'C' rupees. If the life of the lining is "Y'
years; then,

Annual cost of lining = %

If 'r' be the interest rate,

Interest earned by capital 'C' per year = C Trm

" . Since, the capital value of asset decreases from 'C' to zero in 'Y' years, the

average annual interest cost may be taken as %ﬁ rupees.
Total annual costs of lining = S 5160

Benefit cost ratio
B/C ratio = -——-Li—p—R?- (generally p is taken as 0.4.)

Y T—M
For the project Jushﬁcahon, benefit cost ratio must be greater than unity.

Example 4.12

An unlined canal giving a seepage loss of 3.3 cumecs per million sq. metres
of wetted area is proposed to be lined with 10 an thick cement concrete
lining which costs Rs. 180.00 per 10 m?. Given the follomng data; work out
the economics of lmmg and benefits costratio.

Annual revenue per cumec of water from all crops = Rs. 3.5 lakhs
Discharge in the channels = 83.5 camecs

Area of the channel = 40.8 m?

Wetted perimeter of the channel = 18.8 m

Wetted perimeter of the lining = 18.5m

Annual maintenance cost of unlined channel per 10 m? =
Assume suitable data if required.

iil)

Rs.1.00

Solution:
Consider a 1 km reach of the channel.
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Wettad surface por hin = 188 X 1000 = 18800 sq. m 47 WORKED OUT PROBLEMS

i\ Annual benefits llion & PROBLEM 1
Q) &“l\\:“}‘\\“*“' inunlined canal @ 3.3 cumecs per MIEIONSQ. mig Using Lacey's basic equation, establish a Relationship between R, Q and f,
= 22X 18800 = 62040 X 107 cumecs/km where symbol have usual meanings.
( | —— _
Assume seepage loss in lined channel @ 0.01 cumec per nulh('-nsq Solution: . o
m of wetted perimeter. . Lacey's basic equation is,
S 18800 ) Here,
Seepage loss in lined canal = 0.01 X Tl i -
=188 x 107 cumecs/km V= [zR
Net saving = 62040 X 107 = 188 x 107° ! 2 ‘ _
= 61852 x 107" cumecs/km i or, R=g [Squaring on both sides] (1)
Annual revenue saved per km of channel = Rs. 61852 x 10 i) AR =140 V° )
X 3.5 lakhg From equation (2); we have,
= Rs. 21648 4 .
Aff =140V
b) Savinginmaintenance Multiplying both sides by 'V'; we have,
Annual maintenance cost of unlined channel for 10 sq. m j A= 120 VS
Re.1.00 | T
Wetted perimeter per 1 km length = 18800 sq. m or, QF =140 v6 [Q = AV]
Annual maintenance charge for unlined channel per kn i 2 .
Rs. 1880 | or, V= (1Q40) ()

Assuming 40% of this is saved in lined channel,

Annual saving in maintenance charges = Rs. 0.4 X 1880 From equation (1) and (3); we have,

= Rs. 752
3
Total annual benefits per km = Rs. 21648 + Rs. 752 R= g. x %x (%%) @
= Rs. 22400 | ’
1
c) Annual costs _ Qy\3
Area of lining per km of channel = 18.5 X 1000 1 or, R=0481(F)
= 18500 sq. m Generally, the constant is taken as 0.47.
Cost of lining per km of channel @ Rs. 180.00 per 10 sq. m i . (Q)é
; R=047(=
= 1800 X180 _ s, 3,33,000 | f

This is the relation between 'R, 'Q' and 'f.

Assume life of lining as 40 yrs.; :
Rs. 333000 : | PROBLEM 2

Depreciation cost per year = ——7m—— = Rs. 8325 . : :
As };@ te of int = 4 | |Design a canal using Kennedy formulation with the following c!ata.
sume 5% rate of interest . | |Q=10cumec, manning's roughness coefficient = 0.0245 slope of bed
Average annual interest = 0.5 x C x 100 l 0.0002, m = 1 and side slope of canal 0. S 1(H: V)
5 | Solution:
= 0.5 x 333000 X 75 = Rs. 8325 | Given that;
Total annual cost = Rs. 8325 + Rs. 8325 = Rs. 16,650 - j Q=30m?/sec.
Now, ‘ m=1
B/C ratio = Annual benifits 22408 =135 n=0245

Annual costs ~ 1665
Since, B/C ratio is more than unity, and hence, the lining b
justified.

Side slope = 0.5:1
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ie. =035
We have,
Vo = 0.55my™™

_Q_X
2l Y

A=By+Zy
A=z _(A -05y?)
8=(°5 )=

P=B+2yV1+2: = B+2yV1+05’

[ngmeonng‘

g=A
‘F
V== R‘Si = (02 451{3(0 oooz)z
Now asummgﬁrsttnaldepth,y-l.ﬁm
[ Trialmo. | Y | Vo | A B P R v
1 10| 055 | 54.545 | 54.045 | 56.282 | 0.969 | 0.565
2 2 | 0857 | 35.003 | 16,501 | 20.973 | 1.669 | 0812
3 | 120618 | 48538 | 39.848 | 42532 | 1141 | 063 |
|4 |13]0651]46114 34822 | 37.729 | 1.222 | 0.66
5 |15] 0713 | 42078 | 27.302 | 30.656 | 1.373 | 0713
2 y=18llm '
and, B=19.902m
PROBLEM 3

dmgnasmblesechonandbedllopeofsuchamal

An irrigation canal carrying a discharge of 40 m®/sec. has to b
msh‘udadmaﬂuvnlsoﬂ.lfthemeandxmeterofthesoduosu

Solution:

Given that;
Q =40 Cumecs
dmm =05 mm

=176 /A = 1.76J05 = 1.245

Using Lacey's theory; we have,
1
2\ 6
Velocity (V) = (sz ) = (%) =0.873m/s

_5(V*\_5 0.8382
B = E(T) = ’2’(‘1‘.2“45‘) =14
P =4.75,/Q = 4.75V40 = 30.042 m
Assume side slope of channel, 0.5H : 1V; then,

Chapter 4: Design of Canals |

From equation (1); we have,
b = 30.042 — V5y
putting the value of 'b"in cquahon (2); we get,

45819 = (30.042 — \/'y)y+§

o, 45819 = 30.042y — VBy? + Zf
or, 1.736y% —30.042y + 45819 = 0
Solving this equation; we get,
y=169m (neglecting unfeasible value)
and, b=30.042— V5 x 1.69 = 26.263 m

5 5
s=(3 £ 1)=L1'2453 ,)=0.00023=1in4287
34008 340 x 406

y=169m
b=26.263 m
§=0.00023 or 1 in 4287

PROBLEM 4

113
| R
[’=b+‘,§)’
and; A=(b+ )y
30042 = b + 5y m
2
and, 45819 = h}'*%’ (2)

balanced mode, showing all features.

Draw neat sketch of cross-sections of a canal in cutting, filling and

Solution:
Inspection
r0ad poyla
1:15 1:15
Berm Berm
FSL TGRS
Berm Berm
D

Figure: Channel in filling (Fully filling)
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reasing by 20%; we have,

|
Inc
Wy z 3
07 /, /j/(////ﬁf//%, Y. i y = 274 m
A Catting /74 i \ 4
P /8/,// U prom the given figure; we have,
Gy 7/ {
7 7 L L=unar
£

Figure: Balanced section (Cutting = Filling) ‘
on XTEndo = 4.746

PROBLEM 5 | Sow

sp:bm .the ;hta gwen belbg. des;lgl-n a s.;able irrigation canm% A = y(b+x) = 2.74(b + 4.746)
ility of particles at as well as sides.

! = Z+ V2 = VI ET ¥ 75 =
Disd (Q_)=20m3/sec. S =0.001 : P—b+? X +}’ :b+2 22.52'*'7.5' =b+10.96
Partide size (d) =4 amn "Side slope = 30° : n= 211_;(]6 = 2‘130,043 =(0.024
Angle of repos =38°
- e = e ' Using manning's formula; we have,
Solution: ! 1.2 1 i A . .
Given that; i V= - RI-SI= 003" R3-0.001Z = 1.318R3
Q = 20m’®/sec. : | Now, choosing trial values of 'b' and proceed to make 'Q' equal to 40 cumecs.
S =0.001 . o
.d=4cm b A_i';:(b-'- P=b+1096 R=% v =1318R3 | Q=AV | Remarks
8=30° 3| =z 1396 | 152 | 1743 | 36986 | <40
=36 3 23.964 1496 |1602| 1804 | 43241 | >40
et [33]| 2457 1441|1558 | 1772 | 39.786 | <40
2 2300 f 22567 1445 |1562| 1774 40.036 | =40
5 —cost J1- ‘a“,e =cosf [1— zfoo = 0473 39 4
w tan” ® et . b=349
where, 15 = Shear stress on slope. and, y =274 m
1, = Shear stress on level surface. PROBLEM 6
Minimum ;}(1:;; stress required to carry away grain on side slope is givenky For the given data below, design a regime 3
s =U. T 3 3
e Q =30 m"/sec. S =1in 4000
For stabixtgr :;;hannel, shear stress must be less than or equal to 04731, Critical velocity ratio = 1,0 ST TR gl
Le., Tp< U T| n
. Solution:
Also, the stress actually developed on the side slope of the channel is; H':I: on
19 = 0.75y,RS V. 0.64
0 = 0.55my™
or, 0.75y,RS < 0.473;, Lor, Vy=055 yo‘“
But, 1. =y,RS =y, 7 = _Q_30
0.75y RS <0 7’% d Vo Vo
75y RS <04 ;Y“.ﬁ A:By+zy2

or, RS <0.057d A — Zy2 —1y2 —1y2

- v _(A-1y) (A-1y?) 2
or, RS < (0.057 % 0.04) m , o b= L) = oo (e £ 5 1
or, R 0001 < 0,002 /

P=B+2yy1+ 272 = B+2yv2 = B + 283
or, R<228m R= A
Assuming y = R; we have, Lol
y = 228m F’__—h—“'l Usmg Kutter's formula; we have,

[ TT——
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Now, assunmrgvalueo{yandproceedmmﬂlsumessnemalmﬂ:em

——

B ————
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—
=by+§y

w 39=(10621—VEy)y +5
o, 39=10621y —V5y* + 05y

f f 1736y° —10.621y +39=0
bl 5.7 K7 A B P | R |V Ram,h solvmg"fsﬂ-
number —4 § =572
1 1 | 055 |[51545[53.545 [59.205 [0.921 [0679 | Vo=Vv™ 4 030m
2 |15] 0713 |42078 26552 [35.042 |1.201 [0815 | Vo=y> = 0392 m (Neglecting unfeasible value)
3 |16 0743 [40376 |23.635 32691 [1.235 [0831 | Voay™ 4 p=10621-V5x 0392 =974 m
4 |18 0801 [37.444 [19.002 | 29.19 |1.283 |0853 | V,ay
5 (19| 0829 [36.71 [17137 |27891 [1297 [0859 | v, -y~ PROBLEM S8
6 2 | 0857 |35.003 |15.501 |26.821 |1.305 |0.863 Vo=y Find out the depth of an irrigation canal having the following data.
Discharge (Q) = 30 m” /sec.
i Bed slope = 1 in 3000

and, B =15501 m

PROBLEM 7

Q = 5 cumecs
dsg =4 cm =40 mm

S A
lnm—S—-Bedllope

The sides of an irrigation canal with the following design parameten iy
well protected. What will be the depth and bed width of such a canal?

Solution:
For given size of particles; we have,

f=1.76/dpm = 1.76V30 = 11.131
Now, using L‘sccy's equations; we have,
1

Qr\’ _ (5x11.131%)
\’ (]40) = (T —1 ]“1/\0C

=

(-\-f—) = g(ﬁﬂ—) 0.369 m
P =4.75/Q=475/5= 10621 m

Assume a trapezoidal canal with side slope 0.5H : 1V
P = B + 5y

and, A = (b + !2-) y

so, 10.621 = b+ 5y
b = 10.621 —V5y

Bedwidth = 6.0 m
Manning’s rugosity coefficient = 0.019
What is the mean particle size of the canal bed material?

Solution:
Given that;
Q =30 cumecs
S =1in 3000 = 0.00033
B=6m
n=0019
Assume canal side slope 1.5H: 1V
A =By + Zy* = by + 1.5y°
P=B+2yV1+2° = 6+2y x 1803
P = 6+ 3.606y

=%= 6!++ 1%;

) »n 1 2 1
Q=AV = (6y +15y%) - - R3-S

2

o, 0= (6y+15v) gy (Sry) - (000033

1667
or, mz(sy_-’-l‘s_yz)_.z_x 0.96044
(6 + 3.606y)
Solving this equation; we get,
y=2402m
Again, we have,

1.2 1
V-E°R3'§



2
1 {6y + 1.5\2)5_ 3
"W'(ﬁh.m y (0.00033)

= 1.3 m/sec.
Using Lacey's formula; we have,

*
i

R
A :‘T\Tﬁ
\L'e\,
& \“,_:\‘1Nf\
= A =Ty
. = :4\\:
R =N dew
4.0_33
e - = —
3, == 5.22 mm

- Average size of bed material = 5.22 mm

RMOBEM 9

Z=—iz= sediment transport and tractive force approach of canm
] (2069 By,

Spimem= Ses the definition part 4.2 and 4.3 (Include procedure)

ROBLEM 10

Aommmiee the side slope 1 : 1, find the bed width and the depth of floyy
2= =igztiem canal to carry a discharge of 21 m®/sec. with a velodty

1.7= m'sec_Bed slope is 1: 5000 and value of Chezy's constant C=42,

[2069 Pousy

=730 =0.0002
“ezvs axetzant (C) = 42

i #eriey (/) = 0.75 m/sec.

p C 21
3 vy /",)fiV;'—’m:mmz

1.7
lg//

A 2
J

-

g™

(Traﬂ;l;m"}'_' Y b r R \ Remarks
| 0.6 | 46,067 | 47.765 | 0.586 | 0.455 V075

—3 | 09 | 3021132758 [ 085 | 0549 | V075

3 13 | 20.238 | 23.917 | 1.171 | 0.643 V#075

3 | 18 | 13.756 | 18850 | 1485 | 0.724 | V%075

5 | 19 | 12837 | 18214 | 1537 | 0736 | V075

% | 2 |12.000 | 17.660 | 1.586 | 0.748 V £075

""‘7’f 2.02 | 11.841 | 17.558 | 1.595 | 0.750 |V = 0.75 m/sec.
2 y=202m

and, b=11841m

PROBLEM 11

Design of canal by Lacey's regime theory.
Solution: See the definition part, 4.5.2

[2069 Pmlﬂ

PROBLEM 12

Astable channel is to be designed for a discharge of 40 m*/sec. and the silt
factor of unity. Calculate the dimensions of the channel using Lacey's
theory. What would be the bed width of this channel if it were to be
designed on the basis of Kennedy's method with critical velocity ratio
equal to unity and the ratio of bed-width to depth of flow the same as
obtained from Lacey's method. [2070 Bhadra]
Solution:
Given that;

Q =40m?/sec.

f=1
Using Lacey's theory; we have,

_ 1 1
: g L 12\8 -
Velocity of flow (V) = (%f:]) = (401+01) = 0.812 m/sec.
2 2 : .
Hydraulic depth (R) = %%— = ;x 0—8111 =1.648 m

_Q_ 40 _ 2
A—v—m—49.261m

P'=475,/Q = 47540 = 30.042 m
Assume side slope of channel 0.5H : 1V; then,
A=8D +05D?
49261 = BD + 0.5D
Also

P=B+2DV1+ 22

(LN
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or, 30042=B+2DVI5
or, B=30042-2236D
Substituting the value of B' in equation (1); we get,
49261 = 30,42 —2236D" + 05D
or, 1.736D*-30.042D+49261=0
Solving this equation; we get,
D = 1.834 m or 15471 (not feasible)
B=3002-2236x1834=25941m
B=25%Im
and, D=18¥m 1
For second case, ' ;
COVR=m=1
BT = |
B=1414xD |
Now, : t
Vo=05x1xy*# - 1
A=2=2 ' ‘ ; |
%V . s t
or, BD4$05DP=—orr |
055D i
or, (BD+05D%)x055D" =40
Solving equation (f) and (2 we get, i |
- D=1835m . : .
and, B=14144x1835=25955m '
PROBLEM 13 A |
The banks of an irrigation channel conveying a flow of 12.0 m*/sec. o
well protected with masonry structure with side slope as 0.5:1 (H:V).Tu.
amlhutopauthrudltlumdmhﬂmgnempamdua4mmh
bed slope of the canal is 1 : m,ﬁndtlmshblebedmdth.nmﬁ
sketch of the designed section. Assume that the roughness is same ko
the whole perimeter of the section. [2070 Mg
Solation: - i
Given that;
Q=120m’/sec.
Z=05
dy, = 40 mm
f =L76,/dm=11.131 3
. 5=1:2000
Using Lacey’s theory; we have,

; 1 1
Velocity of flow (V) = (%..f)z - {12 X (11.131)2}z

= 1.483 m/sec-
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A
2
Hydraulic mean depth (R) = ;(%-) = g(}{%’;—) 0494 m

A= 3 = ﬁ%ﬂ = 8.092 m?
p=4.75/Q=475/12 = 16454 m
Assuming the side slope 0.5H : 1V; we have, -
A =By +05y”
8092=By+ 0.5}"2 . !
and, P=B+2yJ1 +72
or, 16454 =B+2.236y
or, B=16454—2236y )
Substituting equation (2) in (1); we get,
8,092 = 16.454y — 2.236y> + 0.5y>
or, 1.736y*—16.454y +8.092 =0
Solving this equation; we get,
y = 052 m (Neglecting the unfeasible value)
and, B=15291m

PROBLEM 14

Sides of an irrigation canal with the following design parameters are well
protected. What will be the stable depth and bed width of such a canal?
Q=5m’/sec.,dsy = 3cm,i = 1in 500 {2071 Bhadra]
Solution:
For given size of particles we have,

d=1.76,/d = 1.76v30 = 9.64
Now, using Lacey's equation, we have,

1 1 -
(3 (4
V=(%§) = [57’((%;64—)2] =122 m/sec.

r=3{r)-5(58) oo
P=475/Q=475/5=10621m
Assume a trapezoidal canal with sxde slope 0.5H:1 V.
P=B+5y
and, A=(B+%)-y
%, 10621=b+yGy
B=10621 - 5y ‘ .
and,4.‘l=(B+¥).y " )

|
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Substituting equation (1) in (2); we get.
a1 = (10621 - By +%)y
or, 41=10621y - 1.736y

or, 1.736y2—10.62ly +4.1=0 )|

Solving equation (3) for quadratic in 'y'; we get,
y = 0.414 or 5.70 (Not feasible)
y=0414 m
B=97m

} Free board

y=052m

e
B=15291
Figure: Designed channel section

PROBLEM 15

The slope of a channel in alluvium is gohg- Find the channel section ang

maximum discharge which can be nllowedto flow in it. Take f = 1.0,
[2071 Bhadra]

Solution:
Given that,

5= g

f=10
Now, using equation (4.29); we get,

5 .
f3

- 1
3340 Q8

6
5
Q= (%‘(%) = 33.60 m*/sec.
Discharge of 33.60 cumecs is allowed to flow in this channel.
Now, to find section:

1 1
[ 2\8
i) V=(%%) =(—130-—33'6x1) = 0.788 m/sec.
ii) _3 03%8%-47_64 2 -
P=475/Q= 475{3'—3 2753 m

A 4264
R—'p' m—153m

iii)  Assuming trapezoidal channel with side slope 0.5 H : 1V. Then,

S=

——

A=(B+%)y=4d264
P =B+ by =2753
or, B=2753~5y

Then,

27.53y — V5y? + 0.5y% — 42.64 =0
or, 1.736y?—27.53y +42.64 =0
Solving; we get,

y=174m
‘and, B =23.64 m

PROBLEM 16
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What are Lacey's basic regime equations? Starting from these equations, |

derive the equation for wetted perimeter.

[2071 Magh] !

Solution: See the definition part 4.5.2.1 (3)
PROBLEM 17

a discharge of 50 cnmec from the following data.

) Bed slope = 5555
i) Sideslope = 0.5:1
iii) Manning's N = 0.022

Design an unlined channel is alluvial soil by the tractive force approach for

iv) Permissible tractive stress = 0.0025 kN/m?. [2071 Magh]
Solution:
Given that;
Q =50 m3/sec.
S = 0.0002
N =0.022
Z=05(x)
Permissible tractive stress = 0.0025 kN/m?
Now,
) = YwRS
or, 2.5=09810x R x 0.0002
* R=1274m
. 21 2 1
i) V= QRS = L (1.274)3(0.0002)2 = 0755 m/sec.
) A= =ES-7%5=66.225m2
A
W) P=p=25_510m
Now,
A=(B+%)-y=66225 )

P=B+ By =51.98
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Cor, B=5198-5y

Substituting equation 2) in (1); we get, R
. 5198y - 1736y = 66.225 :

or, 1.736y° —5198y +66.225=0
~ y=‘[,33m

and, B=49m

PROBLEM 18

D#nitrkaﬂudmdtomyadhdnrgeofﬁmu,%*
1 in 5000. Take KEntter's N = 0.0225 and m = 0.9.

Solution:

Given that,

f
[Neglecting unfeasible Valug

Q.= 50 cumecs

S =1 in 5000 = 0.0002

N =0.0225

m =09, Assume sideslope1:1,ie, Z=1

Now,
or, Vp=055x09xy"%
or, Vo = O-W“ )

Q_50
A=Y=V, 0

- A=By+Zy?
-2 ’
or B=(*51) b
P= B+2yf B+283y : W

—p' ]

Using Kutter's formula; we have, ,

Now, assuming value of 'y’ and proceeding with successive trial in the tabuly
form. ' ef e
Trialno.| Y | -V, A B P R V  |Remarks
1 1 | 0495 |101.010{100.010] 102.84 | 0.982 [0.621] Vo#V
2 2 | o770 62819 3041 | 3607 | 1.797 | 094 | Vo? V]
3 3 | 1.00 |50.004 | 13.668 | 22.158 | 2.257 |1.094| Vo# V]
4 | 35 | 1104 [45307 | 9445 | 1935 | 2341 [1121] Vo#¥
5 | 36 | 1124 |44497 | 8760 | 18.948 | 2348 [1123] Vo=V
Hence, adopty = 3.6 mand B = 8.76 m.
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PROBLEM 19

Derive Lacey perimeter diecharge rrl-ﬁonalny and regime d-'o }
[P.U. 2014 Panr}

Solution: See the definition part 4.5.2.1 (3) and (5) b
PROBLEM 20

[Mention types of lining. Write about advantage of lining in canal. |
Solution: See the definition part 4.6

PROBLEM 21

Design on trapezoidal irrigation canal with side slope 0.5H : 1V to carry 5
cumec. The canal is to be laid at slope of 1 in 4000. The critical velocity
ratio for the soil is 1.1. Use Kutter's rugosity coefficient as 0.023.

Solution:
Given that;

Q=5md/sec
Z=05
S = 3000 = 0.00025
m=11
N=0.023
Now,
Vo =055x1.1 x y?¢ = 0605y D)

’A=%=v% )
A=(B+§)-y=8y+%2
p= (A205) . .

y
-P=B+Vy - @)

_A

R=F
Using Kutter's formula; we have,
Lys +{(23+ $00155)

0.00155 0 023
1+ (23 + O‘M(WS) K

Now, Assuming 'y' and proceeding as below,

Trialno. [ N | V, A B P R | V
1 0.7 | 0482 [ 10.384 [14.4894] 16.049 | 0647 [0S | V=V
2 08 (0524 953 [11.516 133050710 |0.342| Vo=V
3 09 [0566 [ 8841 | 9373 [ 11380 |0.770 [0.575 | Vo=V
4 095]0585| 854 | 8515 [10.639 {0803 [0S | Vo=V

Hence, adopty = 0.95 m and B = 8515 m.

x VRS

Remarks
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PROBLEM 22

A canal has to be designed to carry a design discharge as 50 m?®/s. The slope
of the canal is 1 : 1000 and passes through medium with mean particles o,
50 mm. Assuming a trapezoidal section, determine the stable depth of t},,
canal assuming angle of repose of canal bed/side particles as 36°.[2072 Aq),

Solution: Proceed same as example 4.2

PROBLEM 23
Design a stable irrigation canal carrying a discharge of 50 m%/s, whig,
passes through alluvium (dpean = 0-50 mm). Draw a sketch of the designeg
section. . [2072 Ashwin)
Solution:
Given that,

Q = 50 cumec

d=05mm
We have,

f=176Vd = 1.76V05 = 1.25
Using Lacey's theory; we have,

1
50 x (1.25)°]°

; .
Velocity of flow (V) = [%—f;] = [ 740 = 0.907 m/sec.

' 2 0.907)°
Hydraulic mean depth (R) = g(yf—) = ;{(—12?7)—} =1.645m

Area (A) = % = (-)759%7 =55.13 m?
Perimeter (P) = 4.75,/Q = 4.75 V50 = 33. 6 m
Assume side slope of channel 0.5H : 1V; then,
A =BD+05D? _
or, 55.13=BD+05D? (M

Also,
P=B+2DV1+ 22

or, 33.6=B+2DV125

or, B=336-2236D o

Substituting the value of B in the equation (1); we get,
55.13 = (33.6 — 2.236D)D + 0.5D*

or, 1.736D®-33.6D +55.13=0

Solving this equation; we get,
D=181mor17.54m

Taking feasible value only; we have,
D=181m
B =33.6 — 2.236D = 33.6 - 2.236 x 1.81 = 29.55 m

Hence, B=29.55mand D =1.81 m.

[From equation (]
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PROBLEM 24

A canal s to be designed to carry a discharge of 32 cumecs. The bed slope is
kept 1 in 1500. The soil is coarse allavium having a grain size of 30 mm.
Assuming the canal is trapezoidal and to be unlined with unprotected
banks. Determine a suitable section for the canal. Assume ¢ = 37°

[2072 Magh]

Solution: Proceed same as example 4.2
PROBLEM 25

1

s
Using Lacey's regime equation prove that R =1.35 (%)3; where, R =
bydl'l“uc mean radius, q = discharge per unit wetted perimeter and f = silt
factor. [2072 Magh]

Solution: -
Lacey's regime equations are;

’2
V= ng )
and, A =140 V° %
‘Squaring equation (1); we get,
2_2
Vi =gfR
2
or, R= gyf— . )
Multiplying both sides of equation (2) by 'v'; we get,
AVE =140 V©
Qf? =140 V¢

1
6 .
L (%fo) | (@

Squaring equation (4); we get,

V2= (sz )g (5)

[Q=AV]

140
Substituting equation () in (3); we have,
1
r=5(Q)'1 -
T2\140) ¥
1
R=047(F)° ' (®
Here,
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T

or, q=RV ;
From equation (3) and (7); we have, I
0 AN
5V A\l 1_5/Qf\1_
9=37=3 (m) ?"‘I(ﬁﬁ) 7=o0nQ@
2
= Q=(gh)
From equation (6); we get, :
2 1
. 1 243
R =047 ’E =135 (9{) _
PROBll.EM26 |

Aunalistobededgnedtoarryadisdmrgeof“cumea.ﬂ%‘
kept 1 in 1200. The soil is course alluvium having a grain size of 5 .
assuming the canal is trapezoidal and to be unlined with Unproteg,|

banks. Determine a suitable section for the canal. Assume ¢ = 37° :
: [2073 B"itln] |

. Solution:

Assume,
Side slope = 30°
and, proceed same as problem 5

PROBLEM 27

-
The slope of a channel in alluvium is 7500, Lacey's silt factor is 03;&.’ ‘
ulop& are 0.5: 1 (H : V). Find the channel section and maximum di'dm"i
which can be allowed to flow in it. (2073 Bhadr), |
Solution: Proceed same as problem 15 3
PROBLEM 28 : ;
Describe about alluvial and non- alluvial canal. Design a canal wiy) |
Kennedy's formula with the following data: Q =40 m®/sec., mansing} |
roughness coefficient (n) = 0.018, bed slope (S) = 0.00020, m =10 ad, |
side slope=0.5:1(H:V) [2073 Magh]
Solution: .

Alluvial canal . .. :

The soil which is formed by transportation and deposition of silt through ?

agency of water, over a course of time, is c;xlled alluvial soil. The canals wha
excavated through such soil are called alluvial canals. '

The soil which is formed by disintegration of rock formation is known as i
alluvial soil. It has an uneven topography and hard foundations are genemﬂ.‘
available. The rivers passing through such areas have no tendency to
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their courses and they do not pose many problems for designing irrigation
structure on them. Canals, passing through such areas are called nom-alluvial

canals.

For numerical

See the solution of Q. no. 21

PROBLEM 29

Describe briefly semi theoretical approach in canal design. [2074 Bhadraﬂ
Solution: See the definitiop part 4.4

PROBLEM 30

Design an economical trapezoidal lined chmndtocarryadigd,.rgeafzo'
camecs at a slope of 30 an/lan. The side slope of the channel is 1.5 : 1. The

value of Manning's rugosity coefficient is 0.017 and limiting velocity in the
channel is 1.5 m/sec. [2074 Bhadra]

Solution: Proceed same as an example 4.9

PROBLEM 31

Etg down the concept of Kennedy and Lacey’s silt theory.[2075 Baishakh]|
Solution: See the definition part 4.5.1 and 4.5.2

. PROBLEM 32

[2075 Baishakh] |

|Pmof using Lacey's theory that P = 4.75(Q)°*
Solution: See the definition part 4.5.2.1
PROBLEM 33

Design a canal using Lacey's theory carrying a discharge of 20 cumec, silt
factor is 1.5 and side slopeis0.5: 1 (H: V) [2075 Baishakh]
Solution: Proceed same as an example 4.6

PROBLEM 34

What do you mean by canal loss? Explain causes of canal loss with thzi.r\

remedial measures to reduce it. Explain the advantages of a canal lining.
[P.U. 2014]

Solution:

Canal loss

There is continuous loss of water from the headwork to the water course
where water is supplied to the fields. This loss of water is called canal loss.
Causes of canal loss are:

) Evaporation

Water loss by evaporation in canal is very small. It depends on temperature,
wind velocity, humidity, etc. It should not exceed 7% of the water diverted
into main canal.

) Seepage
There are two different condition of seepage:
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a) Percolafion

1f water table is dose to the channel bed, there will be continuous floy, of
water from canal to the ground water reservoir creating a contingg,
saturation zone from canal bed to water table as shown in the figure below;

Qdepends on

Water table

............ DN

Fully saturated soil

Figure: Percolation

b) Absorplion . .

If water table is at a greater depth from channel bed, the water seeping frop,
the channel is unable to reach
the ground water reservoir but
a small zone of complete
saturation is formed round the
channel section surrounded by
a zone of partial saturation as

CXTERVERVRTERTRIERILLY)

shown in the figure.
Remedial measures to reduce Qdo notdepend on H
canal loss: Figure: Absorption

i)  Lining of channels.

i) = Lowering the full supply level of channels.

iii) Providing intercepting drains along channels in the reaches of high
" embankment and high water table.

iv) Improving the natural drainage of the area.

v)  Removing silt

Advantages of canal lining

See the definition part 4.6

PROBLEM 35

Design a regime channel for a discharge of 45 cumec and silt factor as 1.1
using appropriate theory. [p.U. 2015)
Solution: See the example 4.6

PROBLEM 36
How will you justify economically the necessity of lining an existing canal,
illustrate mathematically. Write short notes on:

i) - spoil bank
ii) berm [P.U. 2015 chance)
Solution:
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for economic jusiification of canal fining

see the definition part 4.6.4

[) Spoilbank

When earth work in excavation is more than carthwork in filling at a section
of channel, it is necessary to transport the surplus earthwork economically.

Instead of transporting this surplus carthwork, it is disposed on one or both
sides of canal in form of heap. Such disposed earthwork is called spoil bank.

R
=

J
Spoil bank
Service road

Berm

Figure: Spoil bank

) Berm
It is the horizontal distance left at ground level between the toe of the bank
and the top edge of cutting. It is provided in such a way that the bed line and

bank line remains parallel.

L Berm

Figure: Berm
PROBLEM 37
Derive the relation among slope, silt factor and discharge from Lacey's
theorem. ) [P.U. 2015 final]
Solution: See the definition part 4.5.2.1
PROBLEM 38

Design a regime canal (using Lacey's equation) for a discharge of 50
m®/sec. with silt factor 1.1 assume trapezoidal section with side slope 0.5 :
1 [P.U. 2015 final]

Solution: See the example 4.6
PROBLEM 39 ~

Iggn a main canal of a Babai irrigation project of discharge 20 cumeaj
Assume necessary data [P.U. 2016 final)
Solution:

Assume, f = 1 and proceed as example 4.6
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PROBLEM 40

DeBine tractive force. Explain sediment transport and tractive forg,
approach of canal design - [P.U. 201@)
Solution: See the definition part 4.2 and 4.4

PROBLEM 41

[Describe briefly the semi-theoretical approadx in canal design. :
Solution: See the definition part 4.4 (fractive force approach)

PROBLEM 42
Dsignanmonialu-apuoidallinedchanndtoaﬂyadisdxa:geofzo
camecs at a slope of 30 an/km. the side slope of channel is 1.5 : 1. The val,
of manning’s rugosity coefficient is 0.017 and limiting velodity in the
channel is 1.5 m/sec.

Solution: See the solution of example 4.7

PROBLEM 43

Lacey's theorem is an advantage over Kennedy's theory, explain. =]
[2076 Baishald)]

Solution:

Lacey's theorem is an advantage over Kennedy s Theory because of the

following reason:

i) Kennedy selects Kutter's formula for finding the mean velocity. In
Kutters formula value of N is arbitrarily fixed. Lacey has not fixed
any value arbitrarily and gives an equation for finding the mean

~ velocity. 3

ii) Kennedy has made use of term "CVR" (m) but he did not give any
basis for calculating m. He simply states that it depends on silt
charge and silt grade. Lacey has introduced a term "silt factor” (f). He
related 'f' to mean diameter of the bed material and gave basis to

- calculate 'f.

iii) Kennedy gives no clue for calculating longitudinal regime slope.
Lacey produced a regime slope formula.

iv) Design based on Kennedy's theory can only be achieved after
making while Lacey' theory does not involve trial and error method.

v) Lacey gave very important wetted regime perimeter equation, Pv*

1
4.75 QZ. He of course admitted that value of constant in the above
equation is in no way constant and varies from 4 to 5.8 for regime

channels.
PROBLEM 44 ‘
Design an irrigation canal using lacey's theory when Q : 15 cumec, mea?
[diameter of silt particle is 0.33 mm; side slope of canal = ; :1(H:V).

. ﬁ nlm' gd‘h'
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[2076 Baishakh] |

Solution: Proceed same as solution of problem no. 3

PROBLEM 45

[Design a regime channel (using lacey's equation) for the following data.
pischarge (Q) = 30 camecs, silt factor (f) = 1.1, Side slope = 0.5 : 1, find also

the longitudinal slope. [2076 Bhadra]
Solution: Proceed same as solution of problem no.3

PROBLEM 46
uﬁngmdivefomappmd:,duigpachmelinaﬂuﬁaluﬁfwthe

Discharge (Q) :45 cumecs
1

Bed slope = 4500

Manning's n = 0.0225

Permissible tractive stress = 0.0035 kN/m?
[2076 Bhadra]

S‘ﬂldﬂpt:”.s:l

Solution: Proceed same as solution of example 4.1
PROBLEM 47

An irrigation channel is to carry a full supply discharge of 30 m*/sec. at a
velocity of 1.75 m/sec. The side slopes are to be 1 : 1. The ratio of full
supply depth to bed width is to be 1 : 6. Assuming the manning’s n as 0.018,
calcalate the full supply depth, bed width, and bed slope of the channel
using Kennedy’'s method. [2077 Chaitra]
Solution:

G[venthat‘

Q=30 m*/sec.

V =1.75m/sec.

‘n=0018
Full supply depth (D) =?
Bed width (B) =?
Bed slope (s) =?
Here,

.30 .3 30
ATBD +D? 6D'+D* 7D}
30
7D°
o, . D=156m

Vi

or, 1.75 =
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and, B=6D=6x156=9.39m
For bed slope (s), we have,

1%1
v—;RsI

A BD +D? 1708

R=123m

1 ] .1
or, 1.75=mx(123)3’tsi

; 1
or, 175=6377xs2

1
or, s=7.53x10"=m
PROBLEM 48 ’
Deﬁgluhiguicndnﬁmdmmyadischagccf?m,mn—:\

1

0.025 and critical velocity ratio m = 1.1. The channel has a bed slope of 0.3
m per kilometer. [2078 Baishakh
Solution: ‘

Assume side slope 1H : 2V and prooeedsame as soluhon of example 4.3

PROBLEM 49

Mmﬁuww:dmdmaﬂunﬂwﬂﬁt&e
following data:
Discharge (Q) =30 cumecs
1
Bedsbpe—:,m,o ~
Manning's n = 0.0225
Permissible tractive stress = 0.0035 kN/m? =
Side slope=0.5:1 [zmnai.ha_k_ij
Solution:

Precede same as solution of example 41, using value of n directly fro?
given .
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CHAPTER 5
DIVERSION HEADWORKS
222
5.1 component parts of weir/barrage (detailed drawing)............. 138
5.1.1 Weir or barrage | 138
'5.1.2 Under sluices ‘ | 140
5.1.3 Divide wall frundls | 140
5.1.4 Fish ladder 141
5.1.5 Canal head regulator ' 141
- 5.1.6 Silt excluder Senbia s 142
5.1.7 Silt ejectors o 142
52 Bligh's, lane’s and khosla's seepage theory... 142
52.1_Bligh's seepage theory , 143
522 Lane's weighted creep theory 147
523 Khosla's theory ' 150
" 5231 Khosla's method of independent variables
(calculation of percentage pressure, i.e.,
- uplift pressure by khosla's theory) ______________ 151
53  Design of sloping glacis weir bay 163
54  Design of undersluice and silt excluder.... 17
5.4.1 Design of undersluice , 171
5.4.2 Design of silt excluder ... ’ 175
55 Design of silt ejector - 178
2 222 '

. Diversion headwork is a structure constructed across a river for the purpose
~ of raising water level in the river so that it can be diverted into the off taking "
S mnals It is also known as canal headworks and performs the followmg !
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It raises the water level on upstroam side. M
It reggutates the supply of water into canals.

Tt controls the entry of silt into canals,

It provides some pondage creating small pond.

1t helps in controlling the vagaries of river.

51 CONPONENT PARTS OF WEIR/BARRAGE (BETAILED DRAWING)

A diversion hoadwork (or weir) usually consists of the following componengg
] Weir (or barrage) proper

i) Under shuices

fi)  Divide wall

iv)  Fishladder

v)  Control head regulator

vi)  Siltexcluder, silt goctor

9990

vi))  River training works: guide banks, marginal bunds
viii) A typical layout of weir or barrage is shown in the figure
Murpinal bnd joéned
to high contours

~N - 7

Undersluice portion of
wir (arest leved lower
Canal head regulator than that of weir)
aalied hend shuices Divide wall
- Nn_n!ul weir portion j g,
> WIT Proper Or main weir
o2 et
T 1 IJ_Q.L:
& [[—Weir divided into
L bays with picrs
Length divided into ways by \
" . 4 Fish Ladder
pTs. Each way is provided & . %
witha gair soastoad asan
opening of controlled height

Figure 5.1: Typical Layout of diversion headworks

5.1.1 Weir or barage

Weir

A weir is a raised concrete (or masonry) crest wall constructed across the river
width. It may be provided with a small shutter on its top. Most of the raising
water (ponding) is done by solid wall and very little by shutters. '

. Crest shutter
Crest beved = Pond level Coust level
Total ponding Py=F |’(.lllmg by 7~ Total
by raised crest 2 ;=0 raised crest ponding ()
ier without
shutters P >>>> P
Figure 52: Weir without shutters Figure 5.3: Weir with shulters
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Types of welr depending upon floor design criferla
p  Gravily weir
Uplift pressure is resisted entirely by weight of wall.

i) Non gravily weir
Uplift pressure is resisted by bending action of reinforced concrete floor.

Types of weir depending upon materials used

) Masonry weir with vertical drop

This type of weir consists of a masonry wall with cither both u/s and d/s
faces vertical or both faces inclined or only u/s face inclined. It has an
impervious horizontal floor or apron. Cutoff walls are provided at both u/s
and d/s ends of the floor as shown in figure 5.4.

Pond ‘“’" Crest shutter

apron
Figure 5.4: Masonry weir

i) Rock fill weir with sloping apron

This type of weir consists of a masonry wall and dry pack boulders laid in the
form of slope [i.e., 1:20 at d/s and 1 : 4 at u/s] with weir wall at middle and
few intervening core walls. The d/s slope is generally made very flat. It
requires very large quantity of stone and would be economical only where

stone is available in abundance in close proximity.

Figure 5.5 Rock fill weir

il  Concrete weir with d/s glacis
Pond level

A/s pike

Intermdiate pile
Figure 5.6c Concrete weir with s glacis

u/s pile
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In this type of weir, sheet piles of sufficient depths are provided at u/s gy
d/s ends of the floor as shown in figure 5.6. Intermediate piles are al

provided in some cases. Its design is based on modern concept of Stib-g,
flow, ie, Khosla's theory. This type of weirs is constructed on the PetVigy,

foundation.

Barrage "
If ponding of waler is achieved by shulters or gales then it is called barrag, I
has low crest wall with high gates.
< ) Pord keygy
Pordling
by gate i |
i 0\ |
Py=r !
(Barragy)
Figure 5.7 Barrage with a small raised crest Figun_-s.&Wilhoul any raised crey
5.1.2 Undersluices

»
The weir proper is constructed in the middle portion of diversion head Workg, 1
At the ends under sluices are provided adjacent to the canal head regulatorg,

A comparatively less turbulent pocket of waler is created near the canal heyg f
regulator by constructing under sluices portion of the .wcir. I'he underslujge I
are the openings provided in the weir wall with their crest at a low feyg f
4
|
|

These openings are controlled by gales.
Pord level
— = Shutter
—— =
U/S concrete blocks ot

D/S concrete blocks

gy

Filter  Talus
: ) Figure 5.9: Cross-section of undersluice
Function of under sfulces
0  Tomaintain well maintained river channel near canal head regulator.
0  Toscouraway silt deposited in front of head regulator.
0 To pass a portion of flood (10 to 20%) of design flood during rainf
season. '

0 Help in impounding fair amount of flood to secure full storage.
0O They are used for quick lowering the u/s high flood level.
5.1.3 Divide wall | |
The divide wall is masonry or a concrete wall constructed at right angle tolhe }
axis of the weir and separates the weir proper from the under sluices. Il

extends from beyond the end of the head regulator on u/s side to loot |
protection of the under sluice on d/s side. [
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L4 J
Top plig
(1111~ /?f
%/f@ﬂé _ %/7//,,
Greater than Inverted
i filter
maxjmum
scoured depth
Adjoini Well
‘{::"Z foundation
10: Cross-section of divide wall Figure 5.11: Croms—section of divide wall
Agee so1n Pucca floor Pocea floor beyond
Function of divide wall

p  Toseparale the under sluice portion from weir proper portion.

o Increase the effectiveness of the under sluices portion.

g Toprevent cross current and flow parallel to the weir.

g  Divide wall incidentally acts as one of the side walls of the fish ladder.
g Toisolate pocket u/s of head regulator to facilitate scouring operation.
5

Large rivers are generally inhibited by y, Drvide wall -
several types of fish, many of which are ° -
migratory such fish has found to be A R ‘Lbj_‘
fnoving from u/s hill to d/s in the J Plan M

beginning of winter season in search of
warmer water and return to their
spawning ground u/s, slightly before
monsoon in May .and June. If no
arrangement is made in weir or a dam to
enable their migration their life goes in danger. So, for easy moment of the
fish from u/s to d/s and again from d/s to u/s fish ladder is constructed.
Typical plan of fish ladder is shown in the figure 5.12.

5.1.5 Canal head regulator

A canal head regulator is provided

at the head of each main canal off

taking from diversion headwork. It

should be so aligned that its axis

makes an angle of 90° to 120° with

the axis of weir as'shown in the

figure and should serve the

following function.

0 It regulates the supply of
water into canal.

0 It controls entry of silt into
canal,

O Itprevents the river flood from entering the canal.

Scctionon AB
Figure 5.12: Fish ladder

Figure 5.13: Alignment of a canal head regulator
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1t can be used to stop the canal supply when the silt charge in the river wy
exceeds a certain limit.

5.1.6 Silt excluder

Silt excluder is a structure constructed in the bed of river, u/s of hey
regulator to attack the river bed water, and divert the same into the d/s of
river, lts main function is lo prevent the entry of silt into the canal. A typicy]
silt excluder is shown in the figure 5.14.

A= _ Head regulator
| ,AI || [] River bank Regulator
ra - I?}’:;“““{‘:"{J 1111\\>
Undersluice «— Tunnel Tunnel slab - [P Tunng
F“-“l - ’l”"w‘4/ = ;/
" | <= Tunnel .
el Pier Pier—§
Divide wall Jﬁ —
Weir - :
portion Weir| Divide wall Section A-A
A
Plan
Figure 5.14: Silt excluder
5.1.7 Silt ejectors’ '

They are also called silt extractors and are provided to extract silt from cany|
water after the silted water has travelled a certain distance in the off takiny
canal. These works are therefore constructed on the bed of the canal and
little distance d/s from the head regulator. They consist of curved tunpels
Tocated across the canal which starts along the axis of canal and turn towards
the barik into the escape channel. The silted water is discharged into the d/s
side of river from weir.

s’ ﬂ
"\(\ River
\&s -
ﬂ & -z AV4
A A
“ Escape
= _l___l——=t—Tunnel
—Toriver
_’_l_. Section at A-A Section at B-B
B B
_l"lan

Figure 5.15: Silt ejector

5.2 BLIGH'S, LANE'S AND KHOSLA'S SEEPAGE THEORY

Failure mechanism of hydraulic structure

The seepage flow of water beneath the foundation of hydraulic struch®
causes the failure of structure either by piping or by uplift.

)] Piping or undermining

When the seepage waler retains sufficient residual force at the emerging df
end of the work, it may lift up the soil particles. This increases the pOl’OSiWn
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/-"—__-
removal of soil beneath the foundation. The structure may

il
e " bside into the hollow so formed, resulting in the failure of the

pltimately su

5[ruclul’i!-

prevention of failure due to piping

a) - By providing sufficient length of impervious floor so that the path of
percolation is increased and exit gradient is reduced. :

b) Providing piles at u/s and d/s end of the impervious floor.

Uplift .

The water seeping below the structures exerts an uplift pressure on the floor

of the structure. If this pressure is not counter balanced by the weight of

concrete or masonry floor, the structure will fail by rupture of a part of floor.

p,l"enuve measures of failure due to uplift pressure

Providing sufficient thickness of impervious floor

Providing pile at u/s end of impervious floor so that uplift pressure is
reduced at d/s side

The surface flow may also cause the failure of hydraulic structure in following

two ways:

)  Bysuction due to standing wave or hydraulic jump

Because of weir the standing wave or hydraulic jump is developed on its d/s
side which causes suction or negative pressure and act in the direction of
uplift pressure. This may result failure of the floor by rupture due to suction.

a)
b)

Preventive measures
Providing additional thickness of impervious floor to counterbalance

3)
the suction pressure due to hydraulic jump.
b)  Constructing floor as monolithic concrete mass instead of different

layers of masonry.
il  Byscour on u/s and d/s of the weir ,
The u/s and d/s ends of impervious floor may get scoured to considerable
depth during floods. This may cause damage to impervious floor if no

~ preventive measures are taken.

Preventive measures

i) Providing piles to below calculated scour depth both u/s and d/s ends.

i) - Providing launching apron of suitable length and thickness at both u/s
and d/s end of impervious floor.

5.2.1 Bligh's seepage theory

Assumptions of Bligh's seepage theory

O  According to Bligh, in a pervious foundation the water percolated
seeps along the base profile of the structure which is in contact with
the subsoil. The length of path thus traversed by the percolation water
is known as length of creep or creep length.

0 The loss of head per unit length of creep is called hydraulic gradient.

g The hydraulic gradient is constant throughout the seepage path.

The loss of head is proportional to the length of creep.
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Expression for hydravlic gradient according to Bligh's theory
Consider a section as shown in the figure.

ws |

AL SRR LY

HGL. T
\I i

) " Figure 5.16: Bligh's theory
Let, Hy_is the difference of water levels between u/s and d/s ends.
Water will seep along the bottom prc;ﬁ]e as shown in figure shown by arroy,
Seepage water starts from 'A' and emerges at 'B'.
Total lenglhofm:ep(L) di+dy+L+dp+dy+ 1L +d3+d,
= (4 +Lp) +2(dy +dz +d3)
=b+2(dy +d; +d3)

- . . st — H,
Head losses per unit lénsth or hydraulic gradient = g =g 4

H
=k (54)

Head loss equal o (‘—} x 2d1)
in the planes of three vertical cutoffs. ‘The HGL can be drawn as show in
figure.

Design criteria

Safety against piping

According to Bligh, the safety agamst piping can be ensu:ed by providing
sufficient creep length given by;

L=CXHL

From equation (5.1); we have,

x 2d2) and (HL X 2d3) occur respectively

H ydfaplic gradient = %
According to Bligh, if hydraulic gradient < (%), there will be no danger

piping.
where, 'C' is Bligh's coefficient for the sod
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/—-
/’_’TT £ ol Values | Safe hydraulic gradient should be
e of soi
§N. yp of C - lower than (%)
1. [Fine micaceous sand 15 i
T 1
9, |Coarse grained sand 12 v
zSand mixed with boulder | . 1 1
3 and grnvel ]
== J 1
4, |Lightsand and mud 8 ‘ 5
S SEEE Table 5.1: Values of 'C’ for different type of soil
—_—

gafety against uplift pressure
[f the uplift head at any point is H; (meter of water) then uplift head has to be
counter balanced by the weight of floor thickness.

Uplift pressure = y, 1,
where, Yy = Unit weight of water = pg

Downward pressure due to wt. of concrete floor thickness (t) = v,,G.t
where, G, is the specific gravnty of the floor material.

For equilibrium,
YwH1 = YuGct
Subtracting 't on both sides; we get,
H —t=Gt—t=t(G.—1)
- H] -t
'TG-1

or,
h
t= —G?T . . (5.2)
where, h = (H; — t) = Ordinate of HGL above top of the floor
' = Residual head

The thickness of floor is determined by using above equation (5.2). The
calculated thickness should be increased by 33% so as to allow suitable factor

 of safety. To ensure safety against uplift the thickness of the floor must be > t.

Limitations of Bligh's theory

0  This theory has not made any distinction between vertical and
horizontal ¢reep.

0 This theory did not explain any of the exit gradients. By considering a
flat average gradient safety against undermining cannot simply be
obtained, but by keeping this gradient will be low critical.

0  Bligh's creep theory has no distinction between the outer and inner
faces of sheet piles or the intermediate sheet piles. It is very clear from

. the investigation, that the outer faces of the end sheet piles are much
more effective than inner ones. :

O Aloss of head does not take place in same proporhons as creep length.
The uplift pressure distribution is not linear but follows a sine curve.
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u) In case of two piles, the width between the two piles should be Breatg
than twice the head or the piles are not effective.
Example 5.1
Find the average hydraulic gradient, uplift pressure and thickness of flog;
at a point 15 m from the llpltl'elm end of the floor in the figure 5.17,
&
GL
I A AANARANAAS \\,.tt}.,.\\ \\Concmh.\\;;"%u\_:‘&_ B el ¥
= 300 c
&l
l 1500 >
b 10.00 >l 20.00
Note: Dimensions are in metres
Figure 517

Solution:
Water percolates at point 'A' and emerges at point 'B',
Total creep lengthL=6+6+10+3+3+20+8+8=64m .
Head on structure = 6 m = H,
1

Hydraulic gradient = %L = 3—64 =067
Creeplengthupto15m=L=6X2+10+3Xx2+5=33m
Head available for total creep length of 64 m = 6 m

Head available for total creep length of 1 m = %

Head available for total creep length of 33 m (H¢) = % X 33 =3.0%m
Residual head at point C=6 — 3.094 = 2.91 m

i.c., H=291m
Uplift pressure at 'C' = yh = 9810 x 2.91 = 28.55 kN/m?

The residual head 'H' at 'C' can be directly found from the figure 5.18,
h=6(1-323) =291 m

Now,

Thickness of floor (t) = crh_-—l-

L=

Flgure 5.18°
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for concrete floor,
G, =29

Increasing by 33%; we get,
t=313m

5992 Lane's weighted creep theory

From the analysis of 200 dams all over the
world, Lane's concluded that horizontal
creep is less effective in reducing uplift than
vertical creep Therefore, he suggested a _I:’ I l_d
d 2 3

factor of 3 for horizontal creep against 1 for _I l ’
the vertical creep. L
For the structure in the figure; Figure 5.19: Lane's theory

L= d1+d1+%1-+d2+d2+%2-+d3+d3

=—33+2(d1+d2+d3)

=24+ dy +d) = SN+ V);
where, N = Sum of all the horizontal contain and the sloping contacts less
than 45° to the horizontal.
V = Sum of all the vertical contacts and the sloping contacts greater
than 45° to the horizontal.
For safety against piping 'L' must not be less than H G
where, C; is Lane's creep coefficient.

TTTTTTTTTTY

S. No. : -'Iyple of sbil» ) -:;'l;: Safe hydraulic gradieqt (%;)
1. |Very fine sand or silt : 85 ‘ '8}5
2 |Finesand - 7.0 L
3. [Coarse sand ; 5.0 é
-4 |Gravel and sand 35t03.0 315 to %
5. Bouldets', gravel and sand | 3to25 % to %5
6. |Clayey soil - 30to16 2-15 'll_b
‘Table 5.2: Recommended values of Lane's coefficient of creep C, and safe hydraulic

gradient (C)

To ensure s1fety against piping the hydrauhc gradient must be < C-

Being improvement over Bligh's theory also Lane's theory has most of the -
limitations of Bligh's theory. Since, Lane's theory is empirical and scarce any
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rational analysis, Bligh's theory is still being used in design. Lane's theory |
not being used and is having only a theoretical importance.

Example 5.2
The figure below shows the section of hydraulic structure on permeab],
foundation. Calculate the average hydraulic gradient using,

i) Bligh's creep theory .

ii) Lane's weighted creep theory

Also find uplift pressure and floor tl?idmels required at point A, B ang ¢
from both the theories.

N 5m
B C
" >
SmI m>] ‘IJm
(«—3§
fe——10 m——fj—8 m—>| 10m
25 m >

i .

5 I I. 3 ]

1] According to Bligh's theory .

Total creep length (L) = (5 X 2) + 8 + (3 X 2) + (25— 8) + (10x?)
=6lm

Total head available =5 m

Hydraulic gradient = 6% = 1%
a) Uplt pressure and floor thickness point A,

—

Hlﬂs"g ISm
el < -
, & 61 o
Creep lengthupto A =(Bx%x2)+5=15
Residual head at point A, ’
by =5-5xp=5(1-1) =377
1 61~ 1) =>//m

Uplift pressure @ A =9.81 kN/m?® x 3.77 m

= 36.984 kN/m?
Thickness of floor at point A,
= Czhl-ﬂ' " [From equation (52)
Increasing by 33%;

t =133x3.04 =404 m
b) Uplift pressure and floor thickness at B,
Creep lengthuptoB=(5%2)+8+ (3 x2) + (10— 8)
' =26m

i

c)

1

a) :
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/

l¢————|B
| 24 )

61 o

Residual heat at point B,

=5_5x26_ 26
hy=5-5xz —5(1 -—ﬁ) =287m

Uplift pressure @ B = 9.81 kN/m? x 2.87 m = 28.155 kN/m?
Thickness of floor at point B,

__h _ 287
R =Ge-1- 2241~ 2315m

Increasing by 33%;
ty = 1.33 x 2.315 = 3.079 m

Uplift pressure and floor thickness at C,

: H
/m‘}m

fe———>IC
[P 34 1
= -

61
CreéplengthuptoC: (2x5)+18+(3x2)=34m
Residual head at G,
hy=5-5x37=5(1-21) =2213m
Uplift pressure @ C = 9.81 x 2.213 = 21.710 kN/m?

Thickness of floor at point C,

hy _ 2213 _
b =g = 3241 1785m

Increasing by 33%; -
t3 = 1.33 X 1.785 = 2.374
Accordlnﬁ to Lane's theory
 Total creep length (L) = (5 2) + (3% 2) + (10X 8) +3x25
=44.333 m '

Hydraulic gré_:dient = @-%3-5 = ﬂgﬁ
Uplift pressure and floor at A, ,
Creep lengthup to A = 5x2+%x5'= 11.667 m

Residual head at A,

'h,=5(1—%§§§)=3.684:p

Uplift pressure @ A = 9.81 x 3.684 = 36.142 KN/ m?

~Thickness of floor at point A,
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b)

<)

1 3.684
e a5 B ekl
Increasing by 33%;

= 133x2971 = 3951 m

Uplift pressure and floor thickness at B, .
Creep lengthupto B=(5Xx 2) + Bx2)+3x10=19333 m
Residual head at B, -
hy=5(1-agg) = 282m
Uplift pressure @ B = 9.81 x 2.82 = 27.664 kN/m?

Thickness of floor at B,
h 2.82
= = =2274m

=g 1= -1
Increasing by 33%;

t, =133x2274 =3.024m
Uplift pressure and floor thickness at C,

Creeplengthupto C=5x2+3x2+3X 18 =22 m

Residual head at C,
= 2 \_

h3—5(1—4—43§5) =2519m

Uplift pressure @ C = 9.81 x 2.519 = 24:711 kN/m?
Thickness of floor at C,

hy 2519 _

t3=c—2—-c_1 =551 =2031m
Increasing by 33%; :

t; = 1.33 x 2031 = 2701 m

5.2.3 Khosla's theory
The main principles of Khosla's theory are;

i)

Seeping water below a hydraulic structure does not follow the bottom
profile of impervious floor as stated by Bligh but each particle tracesils
path along a series of stream lines and equipotential lines as shownin

1i)

i)

ol
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the figure 5.21.

The seepage water exerts force at each point in the direction of flow
and langential to the streamline as shown in the figure. This force has
the maximum disturbing tendency at the exit end.

F

yl 7777

w

Figure 5.21: Seepage force

The steady seepage in a vertical plane for a homogeneous soil can be
expressed by Laplacian equation,

d¢ ¢
dx? +a-z-f =0

where, ¢ is the flow potential = kh.

k is the coefficient of permeability of soil.

his the residual head at any point within the soil.
Undermining (piping) of the floor starts from the downstream end of
the d/s pucca floor and if not checked it travels upstream towards the
weir wall. It is therefore, absolutely necessary to have a reasonably
deep vertical cutoff at the d/s end of floor to prevent undermining.
Depth of d/s vertical cutoff is governed by;
a) Maximum depth of scour '
b) Safe exit gradient
The outer faces of the end sheet piles are much more effective than the
inner ones and the horizontal length of floor. .
The intermediate sheet piles, if smaller in length than the outer ones
were ineffective except for local redistribution of pressure.
To find out the seepage flow by Khosla's theory it is necessary to plot
the flow net and also to solve Laplacian equation mentioned in
principal no (iii). But it is very difficult to'solve Laplacian equation
mathematically. So, for the design of hydraulic structures (such as
weir, barrage, etc) and also to calculate the seepage flow and uplift
pressure on pervious foundations, Khosla has developed simple
profiles from practical complex profiles which is called the Method of
independent variables. These simple profiles can be solved easily
unlike the Laplacian equation.

52.3.1 Khosla's Method of Independent varlables (Calculation of

percentage pressure, /.e., uplift pressure by Khosla's Theory)

In this method the complex weir or barrage section (profile) broken intono. of
simple section for which mathematical solution have been obtained to find the
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seepage flow in terms of percentage pressure. The percenlage pressure lﬂ,Er
can be used to find uplift pressure due to seepage fl.ow by diregy,
multiplying with total head available for the flow. The uplift pressure thyg

obtained is in term of head of water,

Thesi

mple sections (profiles) given by Khosla consists of: _
A straight horizontal either floor of negligible thickness with a she

i)
pile either at u/s end or d/s end. [Figure 5.22 (a) and ?.22 (b)]
i) A straight horizontal floor of negligible thickness with a sheet pilq
some intermediate point. [Figure 5.22 (c)] ,
ilij A straight horizontal floor, depressed below the bed but no verti
cutoff. [Figure 5.22 (d)]
ws plte [Figure (a)] =
$C; =100- ¢E H
=100-¢D 1
$D; =100— ¢ TG _
d/s pile [Figure (b)] w s
1 o5t (A2 ' (@) /s pile
¢ =3 x¢os7 (535) (@) wsp
¢D = %x cos™! (—l ; 1) 7 W
. . .
here. A 1+ 1+a2.('1_b v .
w A= —7  ,d=7. i Hlc
; : s b jl Id
Intermediate pile [Figure (c)] : -M o D
1, aA-1 s pile
¢ =3 xcos (577) i
¢D = ;l-t x cos™! (Zil) TH |
: Y F—L"

_1 ) -1 ]+1 :
¢C-—EXCOS -T‘) .

where, A = ——Q—W M

3 f1+a§- Il+a§
R e
1

d
=b
o

I

M
a
a

Depressed floor [Figure (d)]

In'above simple profiles, the key po
calculated are:

bp = §(¢E = ¢p) +§—2
o; =100~y

(d) Depressed floor

Figure 5.22: Khosla's simple profilefor?
weir of complex profile

ints where percentage pressures aré tobe

O Junction of floor and pile lines on either sides [Eand C] '
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e

g  Bottom point of pile line [D]
Q  Bottom corners in case of depressed floor [Dj and D'].

The % pressure at these key points simple profiles will resemble the complex
profiles only if the following corrections are applied.

g  Correction for mutual interference of piles.

g  Correction for thickness of floor. -

g0  Correction for the slope of floor.

These corrections are described later.

The percentage pressure at key points can also be found out by using graph
developed by Khosla which is known as Khosla's pressure curves. It is shown

" in figure 5.23 (end of chapter). The use of Khosla's pressure curve will be clear

fromexample 5.3. - !
correction for percentage pressure
) Comrection for the mutual interference of piles
_ 19 |D(d+D
c=19p(¢%>)
where, b' is the distance between two pile lines.
D is the depth of the pile line, the influence of which has to be
determined on the neighboring pile of depth d.
D is to be measured below level at which interference is
desired. . Lot
d is the depth of the pile on which the effect is considered.
b is the total floor length.

Sign convention
O  Positive for the points in rear or backwater
0. Negative for the points on forward direction of flow

)  Correction for thickness of floor

The percentage pressures calculated by Khosla's equations or graphs shall

- pertain to the top levels of the floor. While the actual junction points 'E' and

IC' are at the bottom of the floor.

In the figure 5.24; E
B oy ¢D, — G
Thickness correction'for C, = gy—rfoorievel - RL. of D;

x Thickness of floorat C;

Figure 5.24: Thickness correction
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D, — Pliy
Thukncss correction for By = g of floor level — L. of D,
¢ 'Thickness of [logy at,

Sign convention
u} Positive for point in right side of pile
o Negative for point in left side of pile

In figure correction for C; is posilive and E; is negative.

i) Comection for slope

Slope | Correction factor
1:1 11.2

2:1 6.5

3:1 4.5

4:1 © 33

5:1 28

6:1 25

7:1 23

8:1 - 20

Table 5.2: Slope correction factor

It is given by;
bs
C=Cx
Gxg

where, b, and b; are as shown in the figure 5.24.
C, is the slope correction factor and is given in table.

[For E, in the figure 524

Sign convention

o Positive for the downward slope-

O  Negative for upward slope

Exit crndlent

Exit gradient may be defined as the hyd:aullc or pressure gradient of subsoil
flow or seepage flow at the d/s or the exit end of the floor.

It has been determined that for a standard form consisting of a floor length o'
with a vertical cutoff of depth 'd', exit gradient at its downstream end is given
by,

_H_1
Gg—a'xﬂ—‘/x _ (53’
1+,‘1 2
where, A =—2iandu =§.

The value of exit gradient can also be found from figure 5.25 (end of chapter)
developed by Khosla. In the figure (graph) for any value of a(: 5) the

corresponding value of A can be obtained directly. Knowing the value of Hd
and A the value of G can be calculated using equation (5.3).

|
\
l

Chapter 5: Divarsion Hoadworks | 155
/,____, L napter O B i
’Wsoll Safe exit g:adlent
L N i
shingle %105 (0.25 10.0.2)
T 1.1
Coarse sand gtoz (0210017
1,1
Fine sand Zton (0.17t0 0.14)

’T,f,[;.;s;fe exit gradient for different types of soil

gxample 5.3

Figure 5.26 shows the profile of a weir. Determine the uplift pressure at
key points and the exit gradient and find whether the section provided is
safe against piping if it is founded on fine sand with permissible exit

‘ndlcnt’of % Also find uplift pressure at point X and check the safety

against uplift.
Solution:
For u/s plle no. 1
Total length of floor (b) = 65 m
Depth of u/s pile line (d) =100-91=9m

b_
3=

1
722

103.00

=7222

o

=0138 = 0.14

RIm R

100.00

From figiure 5.23 (a), for = = 0.14,

¢o =

g =33%

bp, =100 - ¢pp = 77%
e, =100 - g = 67%
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Correction for ¢c,
) Correction of Cy for mutual interference of plle 2,

c_19j;(d—f,—9)

d=98-91=7m

b =48m
D=98-895=85m
b=65m

c=19 J%— (7_"('5-2) =1.9% (positive since pile 1 is rear to pjj, 2 }

i) Cormection for floor thickness,

%, ~ %, ik
=R of floor level— RL.of D, * Thickness of floor at ¢,
77 67
.
= 2.2% (Posmve since C; is in right of the pile 1)
Corrected ¢, = 67 + 19+22=711% .
For intermedtiate pile no. 2: ‘

d=96-895=65m
b=65m
b; =485m

b_65_-
=355~ 10

485 _
%l' == 0.746

b,

From the figure 5.23 (b), for N
(n -%l) =0254
¢, =41%
¢p, = 34%
b, = 26%
Correctlon for g, :
)} Mutual intedference due to plle 1,

; c= 19»!;(9—}-_‘2)

d=93-895=35m
b'=48m . .’
D=93-91=2m
b=65m T

0.746 and a = 10,

—~——

~

~

e
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/-_——f
- 19f— 1—5—%—3 - 03%

(Negative since pile lies forward from pile 1)

Comection for floor thickness

m ‘l’l (””z "
| = R of floor level —R.L of D, * Thickness of floor at E;
= %1——89.5 = 3.2% (Negative)
i) slope correction,
Slope = 100+96 _ 4 _ 1
PIOPE=TTRHIT T TE
Correction = C, X £
; i
Here,
C; = 2 (From the table 5.2)
b;=32m
b, =48m
Correction = 2 X g% = 1.33 (Positive)
Corrected ¢p, =41 - 03 -3.2+1.33 =38.83%.
correction for ¢,. l

) Mutual Inlerference due to plle 3,

d=93-895= 3.5m;b' =16 m
D=93-895=35m;b=65m

35+35

c=19 22 = 1% (Positive)

) Cormection for floor thickness
‘ ¢D . 4’
~ RL-of floor level

9%4;8291 x3=3. 7% (Posmve)

x Thickness of floor at C;

RL of D,

No slope correction for ¢c,.
v & Corrected $c, =26+1+37=307%

For d/s pile no 3,
d=96—-895=65m
- b=65m
" 1.d_65:

aTp=g =01
From figure 5.23(a),
b, = 29%

bp, =20%



158 | Complete manval of lrrigation Engineering (Bachelor of Eni’i"““'i"g)

Correction for ¢,

)} Mutual Interference due to pile 2,
d=9-895=45m
b =16m
D=94-895=45m
b=65m

i)

5 45 +45\ _ 1 4o .
C= 19\[% (——65_) =14% (Negative)

Cormrection for floor thickness
4’51 - ¢01
= R.L. of floor level = R.L. of Dy

= %—:t% x 2 =28% (Negative)

Corrected ¢g, = 29-14-28=248
The corrected % pressure at key point are tabulated as under,

x Thickness of floor at I;,

u/spile1 | Intermediate pile2 | d/spile3
g, =100% g, =38.8% bp, = 24.8%
dp, =77% dp, =34.0% $p, =20.0%
b, =711% | ¢, =30.7% e, = 0%

Difference in head between pond level and d/s floor;
ie, Maximum percolation head, H =103 — 96 = 7m
Uplift pressures @E; =1X7=7m
@D; =0.77x7=539m
@C; =0.711x7 =4.977 m
@E, =0.388x7=2716
@D,=034%X7=238m
@C; =0307x7 = 2149 m
@E; =0.248x7 =1.736 m
@D;=020x7=14m
@C3 =0m )
Exit gradient
H 1
Ge = d 7
H=7m

d= 96 89.5=65m

65
—a‘ 6—5_10

From figure 5.25, for a = 10,
1

m =0.135

Y

v
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/’- T e e
e 7 e o
Gr =g X 0135 =

P ) 1
Permissible gradient = & > i

Hence, safe.
Uplift pressure at X (Residual head at X) is;

Pe, =Py 4.977 - 2.716
Px =Pc, - (—‘TZ % 32) 4977 - (== x32)
=347 m
347
Floor thickness required at X = C—L 554 = = =28m

Thickness provided =96 -93=3m > 28m
Hence, safe against uplift.

gxample 54
W the percentage pressure at various key points in figure. Also

Jetermine the exit gradient and plot the hydraulic gradient line for pond
Jevel on u/s and no flow d/s.
1158

Intermediate pile no. 2 E| Gy
3 m—>fﬁ M f—————15 m—————>{—10—>{<«-10->]
40m D/Spileno.3 [0.6m

RL 148 D,[1417 m
57m

Dy

15.
RL.148

Solution:
1

l‘on_lpnrenm pile line no. 1
Total length of the floor (b) = 57.0 m
Depth of u/ s pileline, (d) = 154 148 =6m

—H—-——95
Now,
an_ 1 1(A=2
9F =5 x cos™ (335

The value should be changed into radian.

i i w1t f; +a? 1+ f12+ 95 _ .
-1 (5.28 - 2) x s

¢E =%><cos‘1 (-1—}2'-) =%x
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=0.287 =28.7%
$Cy =100 — $E = 100 — 28.7 = 71.8%

$D; =100 - ¢pD 4
e 5.28 — n
where, D = % X cos™! A—rl) = % x cos™! ("'q 23 ) * 80
=0.199 =199%

¢D; =100-19.9 = 80.1%

Correction for C,
i) Correction at C; for mutual interference of piles
$C, is affected by intermediate pile no. 2.

. [P/d+D 545\ _ 1 acor (oo
c_19\g-,( - ) 19 158( 1.88% (positive)

where, D = Depth of pile no. 2 =153 — 148 =5m
Since, the point C; is in the rear direction, the correction is positive,

ii)  Correction at C; due to thickness of floor
X $Dy = ¢C, ot
~ R.L. of floor level — R.L. of D,
. 8-10-5411—3}18:3 1.467% (positive)
Since, pomt G, is at right side of the pile correction is positive.

Thickness correction for C;

iiiy  Correction due to slope is zero since no slope starts or ends at thi

point.
Corrected $pC; = 71.3 + 1.88 + 1.467 = 74.647 %
2. Intermediate pile no. 2

$E; = ;l-[ X cos™! (—Al—f—l)

—1cos (M
¢Dz-nxcos_' G)

_l' -1 A]'*‘l
‘ d)CZ—EXCOS ('—'}l—)

. ‘1+u§+’1+a§
MAEREIN AT
m- 1+a}

where,

1

b
a = al
and, a = %Z
From the figure,

d = Depth of intermediate pile = 154 — 148 =6 m

b, = Floor length u/s of intermediate pile = 16.4 m

b2 Floor length d/s of intermediate plle 40.6m
=273 g

a; =6.77
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/—-—-—
A=4.875
A = —1.968

$F, = 0.708 = 70.8%
$D; =0.632 = 63.2%
$C, = 0.564 = 56.4%

correction for $pE,
i) Correction at E; due to mutual interference due to pile 1

L d+D
c_19J; —5—

Here,
D=153-148=5m
d=153—-148=5m
b' =158
b=57m

5 (5+5 X .
C=19155(>57) = 1.88% (negative)

ii) Correction due to floor thickness (C) = 7_]———052 ?282 x1

=1.267% (negative)

iiiy - Slope correction is nil.
_ Corrected ¢E, = 70.8 — 1.88 — 1.267 = 67.653%

Com;ctlon for ¢$C,
i) Correction at C; due to mutual interference due to pile 3

D(d+D
c=1(%5")
D=153~1417=113m
d=153-148=5m

b'=40m »
b=57m
C=2.89% (positive)

i)y  Correction due to floor thickness

C = ZIQS—Z-E-—% x1 . 1.267% (positive)
iiiy  Correction due to slope
c=5X by
by
by=3m
by =40m

C, =45 for3:1 from table.
C = 0.388% (negative for upward slope)
Corrected ¢pC, = 56.4 +2.89 +1.267 — 0.388 = 60.169%
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3. For d/s pile no. 3
b=57m
d=152-1417= 103 m

b_
a=g=553

IR ETCEO -

2

1+ a?

ﬂ

A=

1 -1

¢Fs =L x cos71 (157) x 755 =037 = 37%

H

&
'¢D3=-lﬁxcos‘1(ll) 0.254 = 25.4%

Correction for ¢E;
i) . Correction due to mutual interference of pile 2
—19 [B(d£D

c=v (%)

D=1507-148=27m

d=150.7 - 141.7=9m

b=57m

- C=1.02% (negative)
i) - Correction due to floor thickness
_ =254 13 1467% .
Ter—1417 X 13=1. (negative)
iii)  Correction due to slope is nil
i " Corrected $E; = 37— 1.02 — 1.464 = 34.516%

The corrected pressures at key points are tabulated below:

Upstream pileno.1 | Intermediate pile no.2 | Downstream pile no.3
$E,; =100% ¢E, =67.653% ¢E; =34516%
¢D1 = 801% ¢D2 = 63.2% ¢D3 =254%

$C, =74.647% $C, = 60.169% ¢C; =0%
ExIt gradient '
We have, .
Exit gradient (Gg) = L x -
) d”anx

H = Maximum seepage head =158 — 152 = 6 m

d = Depth of d/s cutoff =152 - 141.7 =103 m

b = Total floor length = 57.0 m
=9=§%=5w

GE-—O—ngIB =0.105

'Hence, the exit gradient is equal to 0.105, ie., 1 in 9.53, whlch is very moh
safe referring table 5.3.
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/_——_7
he elevation of H.G.L. can be calculated as;

/1 u/s d/' T
water | water |Head

Height/Flevation of Sub-Soil HGL above datum

Fow | tevel | level | in u/s pile line Intermediate pile line d/s pile line
condition| “jn | in |meter| OF, | 4Dy | 4C, | E; | 4D; | 4G | 4E | 4D, | 4G,
meters| met 100% | 80.1% | 74.65% | 67.653% | 63.2% | €0.169% |M516%|554% | 0%
/"—'
Ppond 6 4.81 448 4.06 379 361 207 1532 | 0
u-vi:l“/’ 1580 [1520 60
ok o
fowd/s 158.0 15681 156.48 | 15606 [15579| 15561 | 15407 [15352| 152

Figure 5.28: Plotting of HGL

53 IIESIGH OF SLOPING GLACIS WEIR BAY [CREST, LENGTH AND
THICKNESS OF FLOOR)

Some terms for design of sloping glacis weir,

1) Pond level

Pond level may be obtained by adding the working head to the design full
supply level in the canal. It should include the head required for passing the
design discharge into the canal and the head losses in the regulator.

i) - Afflux

Afflux may be defined as the rise in water level on the u/s of the weir or
barrage above d /s under free flow condition as a result of construction of weir
or barrage.

ill) Retrogression
Degradation of d/s river bed ‘as a result of construction of weir or barrage is
called retrogression. These results lowering of d/s river stages; so,

" retrogression must be considered in design.

Iv)  Discharge and Discharge intensity
Discharge over the crest of weir or barrage is given by,

Q= CLKg
where, Q = Discharge in cumec :
C = Coefficient of discharge usually taken as 1.7.
L = Length of clear waterway of weir or barrage inm.
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~

K = Intercept between the u/s total energy line and the crest, o the

static head + Velocity head over the crest, inm. ;

'K represents the total head causing the flow over the crest of weir or bam,, '
The discharge intensity is given by; l

2
q=P=17K

3
q=17 K3 . s |
some imporfant design criteria !

1) The u/s slope of glacis is taken as 1 : 2 and that of d/s slope1:3t01 5
for the stability of the hydraulic jump.

ii) The d/s-horizontal floor level is determined by considering that th,
hydraulic jump should not form lower than the toe of the glacis.

iiiy  The hydraulic jump is located with the help of Blench curves shownjy
figure 5.27 (end of chapter). For given 'q', the difference between y/;
and d/s TEL is determined which gives the loss of head Hy. Knowing
g and Hy, Ey, (specific energy on the d/s side of the jump) can b
determined from the Blench curves. Measuring Ef; below the d/s TE[,
the position of the jump on the sloping glacis is obtained.

iv)  The location of jump should be checked for different discharg
intensities.

v) The length of the horizontal floor should not be less than five times the
jump height i.e., 5(D — D;). The maximum value of (D — D) whid
will occur during high flood condition should be used.

Example 5.5

[Design a gladis weir for the following data,

i) Maximum discharge intensity on weir crest = 12.5 cumecs/m (

ii) H.F.L. before construction of weir = 225.00 m

fii) River bed level = 218.75m !
{
!
i

iv) Pondlevel = 224.00m

v) Height of crest shutters = 15m

vi) Anticipated d/s water level in the river when the weir is discharg
with pond level u/s = 221.5m

vii) Bed retrogression = 0.5m

viii) Lacey's silt factor = 0.9 m

ix) Permissible exit gradient =

x) Permissibleafflux=1m 71t o
Solution: RIET
Step 1: Crest level

Pond level = 224.00 m
Height of shutters = 1.5 m i wils by ; ¢
Crest level =224.00 =150 = 22250 m, - 120 oo i

1 |
7

.

U
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step 1 ll/l T.L lo.

q=17K3
q\ _ (1253
K= (T(y) = (—'—73) =378m
Level of u/s T.EL. = Crest level + K

= 22250 +3.78 = 22628 m

§tep 3: Scour depth, velocity and veloclty head

Regjime scour depth,
1

l
R=135 (f}-) =135 (‘ 53)2)1 =75m

-17?-“55-_167m/qcc

Regime velocity (V) = ﬂ

2
Velocity head :},— —3)7697%

Step 4: High flood condmon

2
u/sHFL—u/QTEL—y-g-—ZZ(JZB 0.14 = 226.14 m

0.14 m

d/s T.E.L. = HFL before construction + ;L; =22500+014 =225.14m

Afflux = u/sHFL — d/s HFL = 226.14 — 225.00 = 1.14 m;
which is very near to the permissible afflux of 1 m.
d/s HFL after retrogression = HFL before construction — 0.50

=225.00-05
=2245m
d/s T.E.L. after retrogression = 225.14 — 0.5 = 224.64 m
Loss of head at high flood is,
H,, = u/sTEL — d/s TEL after retrogression
= 22628 —224 64
=1.64m .

Step 5: Pond level condition
When the weir is discharging with pond level u/s head over the crest,

=22400-2225=150m

Discharge (q) = 1.7 (K)g =17 (1.5); =312 cumec/m. 1]
Loss of head at this time is, K2 Y
H; = Pond level — Anticipated d/s water level
=224.00 - 221.5
=250m
Step 6: Hydraulic jump calculation
Hydraulic jump will be developed on the d/s sloping glacis. 'I'he calculations
are done in the tabular form.
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Ttems High flood condition | Pond level condition
e
1. |Discharge intensity, q 12.5 cumec/m 12 cumee/m
2 |Head loss, Hy | 1.64m 250m
3. |d/s specific enengy (Ef) from 485 m 245m
Blench curves [Figure 5.27(a)]

-

Level at which jump will form

=g TEL after retrogression
- Ef,

224.64 — 4.85 =219.79

221.5-245=219(5

—

u/s spedific energy Efy = Ef; +
Hy

4854+ 1.64=649m

245+ 25=4%m

5.27(b)) ie. Montague curves or
calculated from,

H.=D.+(—'§212—2

123 m

033 m

Post jump depth D,
corresponding to Ef, from
specific energy curves [Figure
527(b)] or calculated from,

H;=D;+—(—Igéi

445 m

Height of jump (D; — D;)

445-123=32m

236-033=20m

Length of concrete floor required

beyond the jump = 5(D; — D)

16.10m Adopt 165 m

10.15m

Table 5.4: Hydraulic jump calcvlation

Step 7: Design of glacls
Let, Crestwidth=2m
u/sslope2:1
d/s glacis slope 3:1

Adopt d/s floor level = 21885 m
(ie., about 0.2 m below the lower level at which jump will form)
Horizontal length of floor beyond the toe of the glacis = 16.5 m.

Step 8: Depth of sheet plfes
Scour depth (R) =75m

Level of bottom of the possible scour hole at u/s end = u/sH.F.L - 15k

=226.14 -15x73
=21485m

The sheet pile at the u/s end may be taken up to a level of 214.85 m.
Level of bottom of the possible scour hole at d/s end = d/s H.F.L - 2R

= 224,50 - 2(75)
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= 20950 m
The sheet pile at d/s end may be taken up to a level of 209.50 m.
provide an intermediate pile at d/s toe of the glacis as the second line of
defense with its bottom at the same level of 209.50 m.

step 9: Length of Impervious floor
Maximum percolation head = Pond level - d/s floor level

= 224.00 — 218.85
=515m
Depth of d/s pile = 218.85 — 209.50 = 935 m
permissible exit gradient,
1
Ge=9n
_H1.
Ce=dna

1 _d. _935_1_
ﬁ—HGE—mX7—0.259

Hence, from figure 5.25 (end of chapter),

1 _ :
For 7= = 0.259;
a=2=18
Required length of impervious floor (b) = ad
=18x95
=1683m

Floor length already provided from other consideration
(Horizontal length of u/s glacis) + (Length of crest)
+(Horizontal length of d/s glacis)
+(Length of floor beyond toe of d/s glacis)
[2(222.5 — 218.75) + (2) + 3(222.50 — 218.85) + (16.5)]
=75+2+4+1095+165
=36.95m
Therefore, the floor length already provided is much more than that required
from the consideration of permissible exit gradient. So, no impervious floor is
required at u/s. However, a floor of length 1.05 m may be provided on u/s
side so that the total length of impervious floor becomes 38 m.

Step 10; Percentage pressure at various key points
Having known the profiles of the glacis and the floor, the pressures at key
points are determined by assuming the preliminary thickness of the floor at
various points as under.
TIloor thickness at u/s of crest = 1.0 m
Floor thickness at d/s end of glacis (i.e., at intermediate pile) = 20 m
Floor thickness at d/s end of floor = 1.5 m
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The calculation is shown in table 5.5 with reference to figure 5.29.

Pile line Percentage pressure ¢
und . 1 = d‘ by %‘ a= b Before (Correction Correction Correction [ ——~
pressure [(m)|d ~ b d ik for for Slope for ernr.,
point comection] ) ; kness Interference| Yahe
/s pile 39/0103) - | - - - - - - h—t\
Point D, -1 -1-1-1- 80.0 o - - Ty
Point C -l -1-1-1 - 710 +23 - +35 \ﬁ\
t diate : T
uer 935 - [21.5/0.566| 4.06 - N - -
Pile -
Point E; -l - 1-1-1 - 610 -30 +23 T
Point Dy -l -t=-1-1- 470 - - - TE’
PoitC; |- | -.|-| -] -] 35 +33 - +50 | 3
id/s pile 935(0246 | - | - - < b _ N —
PointE, | -| - [-| -] - | 430 -22 - =55 | 337
Point Dy -1 -[-1-1- 29.0 - - - | ®

ke 2 > 165 >

Figure 5.29
Step 11: Elevation of subsoil HGL for different condition
Knowing the % pressure at various key points, the elevation of H.G. line for
following 3 conditions is shown in table 5.6.
i) Maximum static head
ii)  High flood condition
ili)  Pond level condition.

Step 12: Plotting the prejump water surface profile for high flood ané
pond level condition

The water surface profile on the d/s glacis before the formation of the jump

- can be obtained by finding depth D, at various points with the help of cun®

in figure 5.27(b). Or using formula,
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—
The calculations are shown in table 5.7.

— | Datum
(s floor
water u/s
level or .
Conditions d/s water Height/Flevation of subsoil FLG line above datum
water | level
level)
(m)
e u/s pile Intermediate pile dfs pile
¢El ¢D| ’c‘l ’E: ’D} k} "5) 0|>) .cl
|
No flow Height | 515 | 412 | 39 | 30 (202 | 206 [ 1R |19 | 0
conditionhead | 510 g5 | 994
=2li'5“2‘3'85 Elevation | 24 |2297| 7281|2181 | 2127 | 2050 | 2067 | 2034 | 2855
=515m .
T flood i
I@Is:ilimhﬂd Height | 164 | 131 | 126 | 097 | 077 | 065 | 0B (a8 | ©
A 2450 | 226.14
25 - Elevation | 226.14| 22581 | 22576 | 2547 | 2527 | 25.15 | 2508 | 2498 | 2450
=164m
Flow at pond Height | 250 | 200 | 192 [ 17 | 118 [ 10 | oss [om3 | o
level head 5 | zs0 [ 200
fz;';nm Elevation |2400| 2350 | 23.02| 7297 |2 68| 22 50| 2238 |2 B |1 30
Table 5.6: Elevation of HGL lines for various conditions
High flood condition Pond level condition
Distance ==
q =125 cumec/m q = 312 cumeq/m
from d/s Level of T.EL = 22628 _
endof | glacis (m) u/sT. . m u/sHFL= mlm m
crest (m) Ef, = 22628 - Glacis | 1\ Ef, = 22400~ Glacis | 1
level level
3.00 22150 478 157 250 050
6.00 220.50 5.78 135 350 0.40
219.79 (Jump ’
813 location for 6.49 123 - -
high flood)
9.00 21950 - - 450 035
219.05 (Jump
location for - ~
10 - - 033
L 35| pond level 1% =
flow)

Table 5.7: Pre—jump profile (crest level 222.50)

Step 13: Calculation of floor thickness

Figure 5.30 and 5.31 shows the subsoil HGL for three conditions, i.e.,

i) No flow condition

i)  High flood condition

i) = Pond level flow condition

The floor is to be designed for the maximum unbalanced head found by
Subtracting elevation of water surface (or d/s level in case of no flow
condition) from the elevation of corresponding HGL.
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u/s HFL 226,14

5.7 ;—Sutml HGL for high flood

22150
Subsoil HGL for pond level flo,
21875

21455

2095 2095
Figure 5.30: HG lines and water surface profiles

Pond level  224.00

1095 |

5
— b
2095 295

: rimsm:nclj:moﬂowo‘mdiﬁm
i) Atthe point of formation of hydraulic jump for high flood condition.
From ﬁgune 5.30, ;mbalanoed head for high flood condition = 45
3 2 of this head = 3x4.5 3.0m
- Unbalanced static head for no flow condition =221 m

Since, @) of the unbalanced head for high flood condition is greater
than the unbalanced static head for no flow condition, the former wil
- be used for design. Thus,
Design head =3.0 m
~ - Required tlﬁcknessofﬂoor=ﬂ1371—=?.42m
i) At the point of formation of hydraulic jump for flow at pond leve
condition.
Unbalanced hmd for flow at pond level condition = 3.6 m
3 of this head =§x3,6=2.4m
Unbalanced static head for no flow condition = 2.86 m
%~  Designhead = 2.68 m
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54

Required thickness of floor = fg% =231m

Hence, provide thickness of 245 m at the d/s end of the glacis
decreasing it to 1.5 m at the end of the crest. A nominal thickness of 1
m is to be provided for the floor on the u/s of the glacis as shown in
figure 5.31.

From figure 5.30, it may be seen that the design head for floor on the
d/s of the glacis will be governed by the unbalanced static head which

is greater than @)’d of unbalanced head under the two flow
conditions.

Pressure head at E; at d/s end of the floor = 1.82 m

Required thickness of floor = yaies = 147 m
Hence, provide a thickness of 1.5 m at the d/s end of the floor.

’I'hus,lhed/sﬂoorhasatl'ﬁcknessof?.ﬁmatthed/sofglac'sanda
thickness of 1.5 m at the d/s end. This reduction in thickness may be
done linearly as shown in figure 5.31.

DESIGN OF UNDERSLUICE AND SILT EICLUDER

54.1 Design of Undersluice
Design procedure

)
i)

i)

V)
vi)
vii)

viif)
ix)

lethedlschargeovermewelrbayandunderslumebaysechms ie,
20% over sluice section and 80% over the weir bay section.

Fix the crest levels of undersluice section and the weir bay section, i.e.,
crest level of undersluice = Deepest bed level the slope of the d/s
glacis is usually kept between 3 : 1 and 5 : 1. Crest level of weir bay =
Crest level of undersluices + (1 to 1.5 m).

Fix the waterways for the weir bay and undersluices sections.
Determine the characteristic of the hydraulic hump for high flood
condition and pond level condition with,

a)  No flow concentration and no retrogression.

b)  Flow concentration and with retrogression.

Calculate the normal scour depth and determine the bottom levels of
the u/s and d/s piles. If necessary provide intermediate pile.

Find the total length of impervious floor from exit gradient
consideration.

Calculate the percentage uplift pressure.

Calculate the thickness of the floor at various points.

Provide concrete block protection on the u/s and d/s sides.

Provide launching aprons on the u/s and d/s sides.
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Example 5.6

Design flood discharge in the river = 9000 m*/sec.
Deepest bed level of the river = 200.00 m

HFL before construction = 206.00 m

FSL of canal = 203.00 m

Permissible afflux = 1m

Bed retrogression = 0.5 m

Discharge concentration factor = 20%
Lacey's silt factor =1

Safe exit gradient = 3

Pier contraction coefficdent = 0.1

Full supply discharge of canal = 200 m*/sec.

The stage discharge curve of the river at the site is shown in figure,
Assume other data if required.

L1

/]

Stage —»

Design the undersluice section of diversion headworks with I‘ollowin@ '

J/

SENEEHEB

0

12 3 45 6 7 89
i (Thousand cumecs) —>-

Solution:
i) Crest level of undersluices = Deepest bed level = 200.00 m
Crest level of weir bay = 200 + 1.5=2015m
Pond level = FSL + Modular head = 203 + 1 =204.00 m
\OTH]

Modular head is equal to the sum of head loss in the regulator and the head

required to pass full supply discharge into canal. It is generally taken as1m.
i)  Waterway
From Lacey's formula,

P =4.75,/Q =4.75V9000 = 450.62 m
Let us fix the waterway as follows;
Undersluice portion

Number of spans =5

5 bays of 16 m each = 80 m

4 piers of 25 m each =10 m

Total =90 m
Weir bay portion

Number of spans = 25

25 bays of 12 m each = 300 m

{
|
|
|
|

W e
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o
24 piers of 2m cach =48 m
Total = 348 m
Width of fish ladder =5 m
Width of divide wall =3 m
Overall waterway between abutments = 90 + 348 + 5 + 3 = 446
This waterway is approximately equal to Lacey's waterway 'P'.
pischarge
Let us first determine the u/s TEL
u/s HFL after construction = HFL before construction + Afflux
=206+1=207m
Normal scour depth from lacey's formula,

1 1
R=135 (%3):’i =135 {m—(mf S)T -10m

20.18

==p = 202m/sec.

. 2.022
Head due to velocity of approach = 5552s =021 m

u/s TEL =u/s HFL + Head due to velocity of approach
=207 + 021
=20721m

Velocity of approach = %

Undersluice
Head over the undersluice of the crest = 207.21 - 200 =721 m

Since the u/s floor and the crest of the undersluice are at same level the width
of crest is large and it will behave as a broad crested weir. Therefore,

discharge is given by the equation,
' 3

Q=1.705(L' - 0.1 x nH,)H?
where, n is the number of end contractions.
Assuming that the end contractions near the divide wall and the abutment are
suppressed, n = 8
! 3

Q =1.705(80 — 0.1 x 8 x 7.21)(7.21)2

=2450.30 cumec

Welrbay
Head over the weir bay crest = 207.21 — 201.5=5.71 m

Let us assume the crest of weir as 2.0 m. As the crest width B < -2—3}1 the weir

will act as a sharp crest weir. Therefore, discharge is given by,
3
Q =1.84(L’ - 01 x nH,)H>

3
=1.84(300 — 0.1 x 48 x 5.71)(5.71)2
= 6843.61 cumecs

g
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Total discharge Q = 6843.61 + 2450.30
=9293.91 cumecs

> 9000 cumecs (OK)
Let us verify whether the discharge through undersluice is adequate,
Twice the design full supply discharge of canal = 400 cumecs
20% of the total design flood discharge = 1800 cumecs
The discharge capacity of undersluices is more than the minimum required by
above two criteria and may be adopted.

Design of undersluice section
To find discharge intensity (q) and head loss (HL) for different conditions:

High flood conditions
i) Without flow concentration and without retrogression
3
q = 1.705H2 = 1.705 x (7.21)3 =33.00 cumecs/m
d/s TEL = 206.00 + 0.21 = 206.21
u/s TEL = 207.00 + 0.21 = 207.21
Head Loss HL = 207.21 — 206.21 = 1.00 m

§i)  With 20% flow concentration and retrogression of 0.5 m
q=12x33=239.6 cumecs/m

Head over the crest = (39 N ) =814m

u/s TEL = 200.00 + 8.14 = 208.14 m

d/s TEL after retrogression = 206.21 — 0.5 = 205.71 m
Head Loss (Hp) = 208.14 — 205.71 =243 m

Pond level conditions
i) Without flow concentration and rel:rogressmn

- Head over the crest of undersluices = 204.00 — 200.00 = 4.00 m
At pond level condition, the velocity of approach can be found from
the discharge which occurs at that level.

3

: N 3 :
Q =1.705 (80 — 0.1 X 8 x 4.0)(4)Z + 1.84 (300 — 0.1 x 48 (25)(25"

=1047.55 + 2094.69
= 3142.24 cumecs
Average discharge intensity = 313624 = 7.05 cumecs/m

1 l

Normal scour depth (R) = 1.35 (E}.) =135 {(7 05)° ] s

Velocity of approach V) = % = -Z% =1.42 m/sec.
(1.42)2

Hcad dueto velocxty of approach = T—— =0.10m
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u/s TEL = 204.00 + 0.1 = 204.10

Discharge intensity (q) = 1.705 x (4.1)":' = 14.15 cumecs/m
The water level on the d/s of the weir when a discharge of 3142.24
cumecs occurs on the river is obtained from stage curve shown in the
figure above. i.e., 203.50 m.
d/s TEL = 203.50 + 0.1 = 203.60 m
Head loss (H.) =204.10 — 203.60 = 0.50 m

with 20% flow condition and 0.5 m retrogression.
Discharge intensity = 1.2 X 14 15 = 16.98 cumecs/m

(16 98

ii)

Head over the crest = =463 m

u/s TEL = 200.00 + 4.63 = 204.63 m
d/s water level after retrogression = 203.00 + 0.10 = 203.10 m
Head loss (HL) = 204.63 — 203.10 =153 m

5.4.2 Design of silt excluder

Design criteria

iy  Siltexcluders are desxgned for 15 to 20% of canal full supply discharge.
A minimum velocity of 2 to 4.5 m/s should be maintained in order to
eliminate silt deposition. Generally, 2 m/s for sandy rivers, 4 to 4.5
m/s for boulder stage rivers and 3 m/s for ordinary straight reaches.
i)  Knowing the discharge and velocity the cross section area of tunnel

openings can be determined. A = 8

iv)  The height (h) of the tunnel is equal to the height of the crest of head
-regulator above the u/s floor of undersluices minus thickness of roof
slab.

v Knowing the height (), width is obtained as B = &

vi)  Total clear width is divided into number of tunnels such that the span
is 1.8 m to 2.4 m for each tunnel separated by a divide wall of 0.6 m.

vii)  Generally 4 to 6 tunnels are provided for each excluder.
The length of the tunnel is different but head loss in each tunnel
should be kept equal.
2
i.e., h’ = VZL:I
R3

1R

ii)

5=
%) The height of tunnels varies from 0.5 to 0.6 m for sandy rivers and 0.8
to 1.2 m for boulder stage rivers.
X At entrance, the tunnels are generally given a bell mouth shape and
mciilus of bell mouthing generally varies from 2 to 6 times the tunnel
width,
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At thic exit, the tunnels are throttled for restricting the discharge oy,
desired value and to increase velocity to prevent deposition of sill

Example 5.7

Design silt excluder for the diversion headwork for the data given below;

Full supply discharge of canal = 200 cumecs

Crest level of undersluices = 200 m

Crest level of head regulator = 202.00 m

Bay width of undersluices = 16 m

Solution:

Let design discharge of silt excluder be 20% of that of canal design discharge.
Q =0.2 x 200 = 40 m*/sec.

Let us assume the velocity of 2 m/s, then,

xi)

Area of x-section (A) = 9 = 3 = 20 m?

Let the thickness of roof slab = 0.2 m
Height of tunnel = 20200 02—-200=18m
Total clear width = 7 =11.11 m?

For clear span of 21 m,

Number of tunnels = 137% = 5.29 (say 6.00 m)

Let, thickness of divide wall = 0.65 m
Overall width = 6 x 2.1 + 5 x 0.65 = 15.85 (say 16 m)

Example 5.8

A sediment excluder is to be designed for a canal head off taking froma
river with dominant discharge of 8000 cumecs. The other data of canal
excluder are; .

Canal discharge = 284 cumecs

Width of undersluice span of the barrage, where canal regulator is to be
provided with an excluder = 15.35m

. 1
River bed llope = Tﬁ)ﬁ o
Average sediment diameter = 0.37 mm
Head available for design = 0.8 m

' |Level difference between crest level of canal head regulator and u/s

Manning's l"ugonty coefficient = 0.016
Solution:

Assuming 20% of canal design discharge as design discharge of silt excluder
Q =0.2 x 284 = 56.8 cumec

Design of funnels
i) Number of tunnels; usually 4 to 6 tunnels are provided. Let us provide
6 tunnels.

ii)  Width of undersluice bay is 1535 m and assuming 0.6 m width &

1535-5x06 _
6

divide wall, the width of tunnel at exit = =206m
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. 508
. Discharge through one tunnel = =&~ = 946 cumec (nay 945 cumec)

The height of tunnel is chosen such that velocity through it is of the
order of 2 m/sec. or more, At the gxit the velocity may be taken higher

iii)
iv)

say 3 m/sec.
Area of the tunnel at exit = Cv.? = 23§ =315 m’
and, Height = 3 15 _153m o

Provide 1.53 m hclght of tunnel at the exit, This height is provided
throughout the tunnel length.
) Let the velocity at entry be 2 m/sec., then,

A=2P =47

Tunnel width at entry = ?33 =3.09 (say 3.1 m)
For better smooth entry,

Entry width of tunnel =2 x Exit width

=2x206=412m
~»  Entry width=4.12m )
Exit width=206m - s
Height of tunnel =1.53 m
* « Exit velocity = 3 m/sec.

| Example 5.9

Duignnlﬂtndudetfrom&cfoﬂnwhgm
Canal discharge = 150 cumecs

Width of undersluice waterway =13 m
Average sediment diameter = 0.37 m
Manning's roughness coefficient (1)) = 0.016

undersluice floor =1.3m

Length of tunnel = 70 m
Solution:
Capacity of tunnel = 20% of canal discharge
. =20% of 150
= 30 cumecs
Assume,
Entry velocity = 2 m/sec. LRE =
Exit velocity = 3 m/sec. 1] FEotry =

=15m’
: . 30 2

Exxtaosssechonar:-3-=10m

Assume,

; Slab thickness = 30 cm

Enhycrosssecﬁonam=¥

Then,
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Hedght of lunmel = LY =03 = Tm [y "'”“\'q

c 1h .
Width of tunnel entry = == = 1Hm

Width of tunnel exit = _!]l_l o 10m

Lot, number of tunnel = 4

A\ Bach tunnel width = —l‘]r-' e 76 (al entry)
Lot divide wall width &= 30 ¢m= 0.3 m
Total width = 15 4 03 x 3= 159m
Atexit,
Width of each tunnel = 2.5 m
6.5 DESIGN OF SILT EJECTOR
Deslgn criteria
1) Silt ejectors are designed for 20 (0 25% of the canal discharge.

1)) Ped of the canal Is depressed by 0.3 moto 0.5 mat the mouth of
ejector so that approach velocitles are reduced and the bed Toad nuy
be trapped. '
The tunnels are of low helght, about 0.5 1o 0.6 m.

The fdeal distance between head regulator and silt ejector Is usually
botween 150 m to 500 m.

v) The sectlon of the sub=tunnel {8 gradually reduced such that theee isan
overall Increase of 10 to 15 % in the veloelty up to the exit,

The section of main tunnel at exit s usually designed to attain the
veloclty of 2.5 to 6 m/s depending upon the grade of the sediment o
be removed,

The portion of the approach channel inunediately upstream of the
ejector should be pitched for a length of 3 to 4 times the depth ot the
water in the channel so that there I3 no erosion of the bed and sides o
the channel,

Compnrllon bmncn ullt excluder and silt ¢jector
S. N TSI

- . ‘vlll R m'mr _ ']
i) The sill excluder is located in the|The silt vlm tor i locatad on the
undersluice section of the river,

i)
iv)

vi)

vil)

‘vlll t'\l Imlvr

canal at some distanee away (i
the head regulator,

I he structure is relatively Iu.ht

ii) |The structure is heavy as it is
subjected to large forces,

iii) |Good approach conditions are[Good nppmu I conditions 4
difficult to achieve. casily achivved.
iv) |Working head is always available| Working head is weduend when the|

at the excluder, canal supply s low,

|

v) |The tunnels are quite large and are
not liable o In ¢ l“N\"\l

llw tunnels are small and ma ¥
choked by deluis
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g0 WORKED OUT PRODLEMS

PROBLEM 1
c-lml-to ﬂlﬂ llpllft p"uun at key polnta In ﬂgnu shown below ntlng
Khosla's theory. Check the exit gradient and thickness of the floor at A, B,
¢ and D as shown In figure, The safe exit gradient Is 0.15.
— Mm____
_A0my
)
®m = ———— -
1, [A (I
¢y
e m
A
® o o T, Dl
1,195 m
Q)
Datm
| 20m | ) B M m -
Flgure 832
Solution:
ror u/s piie line number 1;
Total length of floor, b= 20+ 5 + 25 = 50 m

Depth of u/s plle line, d = 100 =95 = 5m

!
uugm%}'-m

an,
b= et (052)

\NOTE
1 value should be changed into radian.

2 2
Wb H"lﬂ ) +J1+ 100 s

) AN
-

- D

by = Jﬁ X cos~! (li'—z-) = % N cos™! (5:2,—2-—
ey = 100 = g = 100 - 28 = 72%

Pp, = 100 = dpy

Py = ;l"'-‘( cou™! (A + l) = - 1 =Xo0s '(~ -

Py = 100 = By = 100 = w.s w 805

Correction for ¢,

) Comection at C, for mutual Inteiference of piles
By s affected by intermediate pile number 2

L R R
) X pgp = 0 -

)‘\\\ D198 = AN

Correction (C) = 19 !}&‘L{\.‘.‘!

R e ——————
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— .

where, D = Depth of pile number 2.
ie, D=99-945=45m '
d=99-95=4m
b’ =20m
b=50m
c=19x [$3AE19) — 3.426% (Positive)

i) Comection at C, due to thickness of floor

. ) (q’"l - (bcl) .
Thickness correction for C = g 5Ffloor level — R.L. of D, ¥ Thickpy,
Ol
_805-72_
=J00=95

= 1.7% (Positive)

fii) Correction due to slope is zero since, no slope starts or ends at this iy
Corrected ¢, = 72 + 3.426 + 1.7 = 77.126%

For Intermediate plle number 2

bg, = ;17 X cos™} (bf—l)

where, A = J1+a% ;—Jl-i-n%
it J1+a — [1+a3
1= 2
o =
a2=

d = Depth of intermediate pile = 101 — 94.5 = 6.5m
b, = Floor length u/s of intermediate pile = 20 m
by = Floor length d/s of intermediate pile = 30

ap = 32% =3.077
a = 33% =4.615

A N1+3.077 + 1+ @615)
5 2
2
A = J1+3.077 = J1+@6157

=3.979

= —0.743
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Py, = 0.644 = 64.4%

¢p, = 0.560 = 56.0%

g, = 0479 = 47.9%

coaeéibn for ¢,

i) Mutual interference due to pile 1
D=99—-95=4m
d=99-945=45m
b =20m

c= 19‘%5"—{;{& = 1.444% (Negative)

ji) Thickness of floor o= Hﬁ X 2 = 2584% (Negative)

»  Corrected dp, = 64.4 — 1444 — 2,584 = 60.372%

Comection for ¢c,
j) Mutual interference with pile 3

0 [P@+D
c_wj;i—b——)

where, D=99—-93=7m
d=99—-945=45m
b =30m
b=50m

c=19 13"{,94—55'{—7’- = 2111% (Positive)
iij Correction due fo thickness
C = 56—479 z
=01 =945 X 2 = 2492% (Positive)
iii) Correction due to slope
C=Cgx
x5y
bs=5m
bl =30m
C =112 (Let Cs = 11.2, for slope of 1: 1.11)
C =112 X 355 = 1867% (Positive)
- Corrcctcd (I)cz =479 + 2111 + 2492 + 1.867 = 54.37%

For d/s pile number 3
b=50m .
d=97-93=4m

b _ 50
u=z[-'a'=12.5m
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2
7{=1+J1+12.5 =677

182

= 1 1 /667—2y_ T
¢Es=%xcos'1(—-x—l : =EXCOS ](__7_6.6 )xl_Sﬁ=0'253=25.3'4.

¥, =2 x cos (8221 1) = 0177 =17.7%
Comrection for [p;,
i)  Mutual interference with pile 2
D=955-945=1
d=955-93=25

b=50m
b'=30m
c=19 2Tt - 0203%

ii) Correction due to floor thickness
c=53-177 .
=—g7—o3 X15= 2.85% (Negative)

iii) No correction due to slope
Corrected ¢g, = 253 —0.243 — 2.85 = 22207%

The corrected % pressure at key points is tabulated as under:

u/s pile 1 Intermediate pile 2 d/s pile3
bg, =100% " g, =60372% | gy =22.207%
$p, =80.5% $p, =56% $p, =17.7%

bc, =77.126% bc, = 54.37% dc, = 0%

Difference in head between pond level and d/s floor =105 -97=8m
Uplift pressures @D = 0.805 x 8 =6.44 m
@Cq =0.771 x 8 = 6.168 m
@E;, = 0.6037 X 8 = 4.83 ™
. @Dy =056x8=448m
@Cp = 05437 x 8 = 435m
@E3 =0222x8=1.776m

@C3=0
Exit gradient
_H, 1
GE—a‘X“‘rx
d=97-93=4m

H = Maximum seepage head = 105 — 97 = 8 m
b = total floor length = 50 m

_b_50_
G—H—T—IZSm

14141252
A=£=6.’77
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8,1 _ y
GE=T'7jg77 0.245 > 0.15 (Unsafc)
fhickness of floor .
Thickness required at A = UE(I;fial‘ 1. 2(.,‘2':(’—8'[ = 4.974 > 1 m (Unsafe)

Thickness required at B = 2—%1—3%- = 3.508 m > 2 m (Unsafc)

Uplift pressure at C = 1.776 + 222 1770 95 = 3921 m
Thickness required at C = 3792271 = 3.162 > 2.5 (Unsafe)
Thickness required at D = Y72 = 1432 < 15 (afe)
PROBLEM 2
Find out the corrected pressure at u/s, downstream and Intermediate key
points of a Hydraulic structure founded on permeable foundation as given
below. Use factor for slope correction as 4%. Assume suitable data if
necessary. Also calculate the exit gradient, and plot the hydraulic gradient
line,
Pond level 158.00
155.00
152.00
150.00 £,
1 1
@ 3m @ 2m 15m 10m  10m \'ﬂn
0.6
D
L 149m o
H17m
[ 158 m 3y 40m "
' 1
A Figure 5.33
Solution: .

For u/s plle number 1
Total length of floor b = 56.4 m
d=154—148 = 6m

a= ;b! =94 m
Now,

bg = % X cos™! (L"rz-)

where, 3 = 2.+ J12+ o _1+ Jl;‘ 94° _ 5227

br = 0.288 = 28.8%
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dc, =100 - @ =100 - 288 =712%
dp = L xcost (AF) =02=20%
bp, =100-20=80%
Correction for ¢, J
i) “Mutual interference duetppilez
D=153-149=4m
d=153-148=5mn""" °
‘c= 19’ @42 _ 152% (Positive)

ii) Correction due to floor ll:uckpess
c =272 x1=1.467% (Positive)
iii) S]ope correction is nil -
= - Corrected @c, = 712 +1.526 + 1.467 = 74.193%

For intermediate pile number 2
' d=154—-149=5m

$p, = 0642 =642% -
$c, =0582=582%
Comection for g,
i) Mutual interference due to pile 1.

co 19j6‘d“))
v

D=153-148=5m
d=153-149=4m
b =152m
b=546m

c= 19J- G2 = 1.796% (Negative)

ii) Floor thickness correction
= (G5=537) x1 = 131% (Negative)

L
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jiiy Slope correction is nil
Corrected dg, = 70.9 — 1.796 — 1.34 = 67.764%
conection for ¢c,

) Mutual interference due to pile 3
D=153-141.7=1130m
d=153-149=40m
b'=40m
b=564m
C = 2.74% (Positive)

j) Dueto floor thickness
%x 1 =1.34% (Positive)
ji) Correction due to slope

C=C{:‘XE

bs=3m

b; =40m

Cs = 4% (Given)

C =4 2= 03% (Negative)

Corrected ¢, =582 + 274 +134— 03 = 61.96%

For d/s pile number 3
b=546m
d=152-141.7=103m

u-k..%-g..ss(nm

l=1+,’1+(5.301) iy

(g, = 0378 = 37.8%
¢p, = 0259 = 25.9%

Comectfion for ¢, -

i) Mutual interference due to pile 2
D=150.7-149=17
d=1507-1417=9
b'=40m
b=>564m
C = 0.743% (Negative)

i)  Floor thickness correction

C=3E=B2 %13 =1155 13 = 1502% (Negative)

iif) Slope correction is nil
Corrected ¢, = 37,8 — 0.743 — 1502 = 35.555%
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Percentage pressure (corrected) is tabulated as;

u/s pilel Intermediate pile 2 d/s pile3

g, = 100% g, = 67.764% dp, = 35555%

o, = 80% bp, = 64.2% oy = 25.9%
bc, = 74.193% e, = 58.2% de,

Maximum seepage head available = 158 — 152 = 6 m

Uplift pressure @ key points,
@E{=6m
@D; =08x6=48m
@C; = 074193 % 6 = 4452 m
@E; = 0.6776 x 6 = 4.066 m
@D, = 0.642 X 6 = 3.852m
@Cy; =0582x6=3492m
@E3=0.355x6=213m
@Dj3 =0.259 x 6 = 1.554 m
Elevation of HGL can be calculated starting from d/s end,
HGL @C3 =152 m
@Dj = 152 + Uplift pressure @D3
=152+ 1.554 = 153554
@E3 =153.554 + Uplift @ E3 — Uplift @ D3
" =153.554 4+ 213 — 1.554 = 154.13
@Cy =154.13 + (3.492 — 2.13) = 155.492
@D, =155.492 + (3.852 — 3.492) = 155.852
@E; = 155.852 + (4.066 — 3.852) = 156.066 m
@Cq = 156.066 + (4.452 — 4.066) = 156.452 m
@D; = 156.452 + (4.8 —4.452) = 156.8 m
@E; =156.8 + (6 48) =158 m

Plotting of HGL
158 m

Figure 5.34: Plotting of HGL
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/’——
1t gradient
Exit € H

G = H"nr

H=6m
d=152-141.7 =103 m
b= 546m

a= a—5301

1+ ,’1 +a?
= ————2—— = 3197
Gg =0.104 = 1in 9.643

PROBLEM 3

Drawing neat sketches. Explain how silt excluders and silt ejectors control
the bed load in an irrigation -yltem.

Solution:
§iit excluder and siit ejectors

See the definition part 5.1.6 and 517

Working principle

The basic principle of silt control is;

Most of the silt tries to settle down in water, thus, confining itself mostly in
the bottom layers of water.

u]

The silt is also kept in suspension by the force of vertical eddies
generated by the friction of the flowing water against the bed. The more
the bed friction greater will be the upward force of eddies and lesser
chance of silt settlement will exist. Hence, the main principle of silt
excluder/extractor construction is to reduce this friction by constructing
a smooth approach channel for efficient settlement of silt.

The settled silt is then removed by separating top and bottom layer
without causing disturbance to the flow. It can be better attained in a
canal bed rather than in a river bed. Hence, work constructed in canal is
more effective than the work constructed in river bed. i.e., silt ejectors are
better than silt excluder.

PROBLEM 4

raw four simple Khosla's profiles for a weir of complex profiles. What

e

corrections Khosla suggested to accommodate such simplifications?
Solution: -

Simple Khosla's profiles for a weir of complex profiles are;

®)

[
=

T
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1 A ~
R T
¢p, =100 - ¢p ¢p ==X cos™! (éi-—l)

1+ J1+a?
whm,).:—‘[!_—"nndu:g.

1 b »l b,
I« 1 o

b )
¢D=%xms" (—lxl)
¢c=,ltxcos“(lll+_1)

Figure 5.36: Khosla's simple profiles

. 1+u%+]1+a§ .,

where, A = p)
= }1+u¥- f1+u§
1= 2

where, a, =%lahdu2 =%.

For comection given by Khosla
See the definition part 5.2.3 (i), (i) and (jii)
PROBLEM 5 ‘

¥ =5~ bo) +3

&, =100 @

Write with definition sketch, how do you determine the pressure along the
foundation of the structure and ensure safety against uplift pressure using

Bligh's creep theory.

Solution:
Consider a section as shown in the figure below.
Let, Hyis the difference of water levels between u/s and d/s ends.

Water will seep along the bottom profile as shown above by arrows according

to Bligh's theory. Seepage water starts from ‘A’ and emerges at 'B".
Total length of creep (L) = d; +dy + L1 +dp +dp + Ly +d3+d3
- =(L1 +Lp) +2(dy +dy +d3)
=b-+2(dy +d3 +dj3)

H
Head losses per unit length or hydraulic gradient = mf.‘?ﬁm

=
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ficad loss equal to (!I[;L X 2d1), (I-Id' X 2d2) and ('—;—L X 2(]3) accur respectively
inthe plane of three vertical cutoffs, The HGL is drawn as shown in figure.

solety against uplift pressure
If the uplift head at any point is Hy (meter or water) then uplift head has to be
counterbalanced by the weight of floor thickness. Then,

Uplift pressure = y,,Hy,

Pressure due to weight of floor thickness (t) =,, - G¢ -t
where, G¢ is the specific gravity of concrete.
For equilibrium, :

Yo HL = Yw - Ge -t
Subtracting 't on both sides; we get,

Ho=t=Gc t—t=t(Gc—-1)

Hp -t H

=Ce=T= G-
where, H = H;, — t = ordinate of HGL above the top of floor.
By calculating the floor thickness using above equation and increasing by 33%
the safety against uplift pressure is ensured.

PROBLEM 6

Draw neat sketches (plan and typical section through undersluice) of a
barrage and show all components with sketch, explain how silt excluder
works?

Solution:

Pond level

Total ponding

by gate

=0

l‘: =p

P, <<<<<P,

Figure: (a) Barra ge with small raised crest Figure: (b) Barrage without any raised crest
Figure 5.37
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Principle of slit excluder and figure
See the solution of Q. no. 3

PROBLEM 7
Determine the thickness of u/s and d/s floor shown in figure below, iy,
Khosla's and Bligh's methods.
AV4
= K
5m
Impervious floor l
E[C E, [
I 4m 1
6m
&m
x
D
20m J;, -
= |
Figure 5.38
Solution:
Using Khosla's theory;

We have to find the thickness of floor at u/s and d/s. i.e., at 'C'and Ey
At first; we should find out % pressure at 'C' and Ej.
At'C
For the figure
See the solution of Q. no. 5
b = 4m
b, =20m
d=6m

o = %1 = 0.667

= %3 =3.333

’1+a§+ 1+a?

A= ; = 2341
I1+<12—’1+|:2

h= — 2 =-1139

_1 afM+1 ™ _
$c == x cos (JT)xm_o.519_51.9%

Correction due to mutual interference, by d/s pile

c:]gjém
b b

D=8m
d=6m
b =20m

|
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s
b=24m

Cc= 19‘[2% €+8) _701% (Positive)
Corrected ¢pc, = 51.9 + 7.01 = 58.91% [Neglecting thickness correction]

AE,

for the figure

see the solution of Q. no. 5
b=24m
d=8m

u=-284=3

14+ J1+a?
=—75

A =2.081

g, = il‘-x cos™! (—A—Eg) x %ﬁ =0.488 = 48.8%
Correction due to mutual interference due to u/s pile,

D=6m
d=8m
b'=20m
b=24m :
6 (6+8 .
=19 Jo; E2) = 6.071% (Negative)

Corrected ¢g, = 48.8 — 6.071 = 42.729%
Total seepage head available = 5 m

Then, :
Uplift pressure‘at C = 0.5891 x 5 = 2.946 m
Uplift pressure at E; = 0.4273 x5 = 2137 m

Uplift pressure _ 2946

Thickness of floor at C = Ce=1 =531 = 23/em
Thickness of floor at E; = %12‘1—7 =1723m
Use 2.5 m thick floor at u/s
Use 1.8 m thick floor at d/s
Using Bligh's theory,
At'¢

Total length of creep=4+ 6 X2+20+8§X2=52m

Total seepage head =5 m

CreeplengthuptoC=4+6x2=16m

Seepage head available for 52 m creep length =5m
. 5

Seepage head available for 1 m creep length = =5

5 W
Seepage head available for 16 m creep length = gy X 16 = LR m
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Residual head at C =5—1.538 = 3.462 m

sidual head(H 3. 462

Thickness of floor at C = Rﬁldg:: _m Lo =531 2792m
AtE,

Creep lengthupto E; =4 +6x2+20=36m

5

Seepage head available for 36 m creep length = =5 X 36 = 3.462

Residual head at E; =5 —3.462 =1.538 m

Thickness of floor at E; =-1§4—8 =124m

According to Bligh's theory,

Use 2.8 thick floor at u/s
and, 1.5 m thick floor at d/s
PROBLEM 8

Draw a neat sketch of the general layout of diversion headworks and
cross-sections of undersluices, canal head regulator and weir with i
details. [2069 Bhadra]

Solution: _
General layout of diversion headworks

See the definition part 5.1

Cross-section of undersluice

See the definition part 5.1.2

Section through canal head regulator (Figure 5.39)

See the definition part 5.1.1 (Section of weir with details)
Plateform for gate operation

Deck slab bridge resting over piers | «U/S
k ; e !’i-}:l: ==
/ ~ |
‘ _ . Pond level
Sill level of regulator

Fal[};g- ------------------------------ . : uindy r ’x-'lr‘ A

apron 2 / t b
E T o A/
' |' vvvv ‘.".'l'lq.'_" o SIS AR REEE, (KRR
I“"i;‘}::g‘“ PR P Undersluice

Silt excluder  floor

tunnel
Figure 5.39: Section through canal head regulator

PROBLEM 9

Design height and width of silt excluder tunnels. Discharge of cans
=200 m®/sec; crest level of undersluice =200m, crest level of hesd
regulator = 202 m, Bay width of undersluices = 16 m. Assume other dats
suitably. [2069 Poush]

Solution: See the solution of example 5.7
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PROBLEM 10
me_ hydraulic gradient line of the weir profile shown below,
6= g5for(2:1) [2070 Bhadra]
Pond level 1025

Figure 5.40

Solution:

For u/s pile number 1

Total length of floor (b) = 46 m
d=100—94=7m

=2 =767
1+Jl+7.672
*"—2—“

g == x cos™1 (252) x 15 = 032 = 32%
bc, =100 — G = 100 — 32 = 68%

b0 =2 xcost (251) =022 = 22%

bp, = 100 22 = 78%

Comection for ¢,
i)  Mutual interference to pile 2

c=lggs@

D=99-94=5m
d=99-94=5m

c=19 J—Tgs ©23) _ 238% (Positive)

i) Correction due to thickness of floor
¢'Dl - ¢c1

R.L. of floor level —
fil) Slope correction is zero
+ Corrected ¢, = 68 +2.38 + 167 = 72.05%

78 — 68

= 00=6&3 — 1.67% (Positive)

C=

RL. ofD,

For intermediate plle number 2
d=100-94=6m
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b, =155m
by =305m
=-1—%§=2.58

az=§%§=5-08

A=397

A = -121

g, = 2 x cos (A7) x 7= 0.69 = 9%
. ¢p, =058 =58%

dc, =051 =51%

Cormection for ¢,

i)

Correction due to mutual interference due to pile 1
D=99-94=5m
d=99-94=5m

‘b'=15m

b=46m
C = 2.38% (Negative)
Correction due to floor thickness,

-—50%—6993 x 1=1.83% (Negative)

Slope correction is nil
Corrected ¢p, = 69— 238 —1.83 = 64.79%

Correction for ¢,

i)

ii)

iii)

e

Correction for mutual interference due to pile 3
D=99-92=7m

d=99-9%=5m

b'=30m

b=46m :

C =239% (Positive)

Correction due to floor thickness

C =P x1=117% (Positive)

Correction due to slope

.C=C5x%f

bs=2m.

b;=30m

Cs=65

C=65x % = 0.433%

Corrected ¢c2 =51 +2.39 4+ 1.17 — 0.433 = 54.127%
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s

for d/s pile number 3
b=46m
d=98-92=6m

w=3=767
1+Jl+a2 1+J1+757 -
1 (A22) x g = 032 = 32%

x cos! (85221) = 032 = 22

comecfion for g, ’

i) Mutual interference
D=97-94=6m
d=97~92=5m =

b=d6m ¥
b’ =30m Lo,
C = 3.09% (Negative)
i Correction due to floor thickness
"c= 223 %1 =1.67% (Negative)
ii) Correction due to slope is nil
Corrected dg, = 32 - 3.09 - 1.67 = 27.24%
The corrected % pressure at key points can be tabulated as;

A= :Ilv-'

b,
bp; =

u/s pile 1 Intermediate pile 2 d/s pile3
¢E‘l =100% 4752 = 64.79% ¢E_‘; =27.24%
¢Dl =78% d)Dz =58% ¢D] =

bc, =72.05% , bc, = 54.127% Pc, =0%

Diff. in head between u/s water Ievel and d/s floor level = 1025 -98

=45m

- Uplift pressure @C; =0. 7205 X45=324m

@D; =078 x45=351m
@E; = 0.6479 X 45 =2.92m
@D, =058 x 45=261m
@Cp =05412x 45 =2314m
 @E3 =02724x45=126m
@C3 =022 x45=099m

 Elevation of HGL is calculated starting from d/s end

HGL @Cj3 = 98.00 m
@D3 =98 +0.99 =98.99m
@E3 = 98.99 + (1.226 — 0.99) = 99.226 m
@Cp = 99.226 + (2.314 — 1.226) = 100314 m
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I
@D; = 100314 + (2.61 — 2.314) = 100.61 m
@E; = 100.61 + (2.92 - 2.61) = 100,92 m
@Cy =100.92 + (3.24 — 2.92) = 101.24 m
@D; =101.24 + (3.51 —3.24) = 101.51 m
@E; = 10151 + (4.5-3.51) =1025m
1025
1002480
b a0 — 5
________________ o
92.00
Figure 5.41: Plotting of HG line
Exit gradient
H=45m
d=98-92=6m
b=46m
a= -‘a)r =7.67m .
A=437
_45 1 _ S
G =g X757 = 0.114 = 1in 8756
PROBLEM 11

Using Khosla's method, check the safety of weir profile shown below
against piping and uplift (at point 'A’). Safe exit gradient may be assumed
tobelin5. [2070 Magh]

Pond level 134.00

130.75

N ™ Bm
1220 120 ®
G
1200
Figure 542 I
Solution:
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for u/s plle number |

p=51m
d=129-12=7m

a=¥=7.23()

1 2
L L PP
n

. =-]ﬁ><|:m;"1 (—X--A - 2) - % X cos™! (47"11?_'18 _2) X T80
b, =100 = g = 100 = 33 = 67%
wchave:
¢Dl =1m—¢0
418 -1

o= xcos” (A7) = xcos”! (M) g = 022.= 2%
oy =100-22=78%

=033 =33%

comrection for C,
i) Dueto mutual interference of pile 2

D=1284~12=64m
d=1284-12=64m
b'=16m

b=51m

C= 19J6—1§ 64+ 64) _ 300% (Positive)

lj) Correction due to thickness of floor
C = g5 % 0.6 = 0.94% (Positive)

lii) Correction due to slope is zero
Corrected ¢c, = 67 + 3.02 + 0.94 = 70.96%

For Intermediate plie number 2,
d=129-12=7m
b =16m
b;=35m

q=3=22

ﬂz=375-=5

AEEZII-’-(@ =38
11=£1+Q¥EJ1+(1% =-=13
b, = £ x cos™? (lL"—l) =071=71%

197
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’

b, = S x cos”? (’il) =061 =61%

b, = mxcos (M) = 053 = 53%

Correction for ¢,
i)  Correction at E; due to mutual interference of pile1

C= 19JE—E—‘d+D)

D=1284-12=64m¢
d=1284-12=64m ¢
b'=16m
b=51m )
s~ C=3.02% (Negative)
ii) Correction due to floor thichess .

C =18 x 06 = 086% (Negative)

iii) Slope correction is nil
Corrected ¢g, =71 —3.02 - 0.86 = 67.12%

Comection for ¢, *

i) Mutual interference duetoplle3
D=1284—-120=84m
d=1284-12=64m
b'=35m i i
b=>51m iy

% C=27% (Positive) '

ii) Due to floor thickness

C = 1o =305 X 0.6 = 0.69% (Positive)

iii) Correction due to slope "

C=C._;x%51

bs=175x4=7m
b =35m
Cs = 3.3 for 4 : 1 referring table of slope correction factor
C =0.66% (Negative for upward slope)
Cm'ua(:tedti)g2 =53 + 2.7 4+ 0.69 — 0.66 = 55.73%
For d/s pile number 3
b=51m _ oo
d=127-120=7m ' 20

i)
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S A=2
P (T X 155 = 033 = 33%
m:%xcos"(l—_lrl =022 =22%

conection for ¢,

Mutual interference due to pile 2
D=1264—-12=44m
d=1264-120=64m
b=51m
b'=35m
C=3.34% (Negative)

iij Thickness correction

3-22 .
C= mlx 0.6 =094% (Negat:lve)

iiij Slope correction is nil

Corrected g, =33 —3.34 - 094 = 28.72%
The corrected % pressures at key points are tabulated as under:

u/s pile 1 Intermediate pile 2 d/s pile3
¢5.‘ =100% ¢52=67.12% ¢E3=28.72%
¢Dl=78% ¢Dz=61% 4}[)3:22%
¢C1 =7096% ¢c2=55.73% ¢c3 =0%
Diff. in head between u/s water level and d/s floor level = 134 — 127
=7m
Uplift pressure @C; = 0.7096 x 7 =4.97 m
@Dy =0.78%x7 =546 m
@E; = 06712x7=47m
@Dy =061x7=427m
@Cy =05573x7=39m
@E3 =02872x7=201m
@D3=02x7=15¢m
Uplift pressure at'A" (h) =201 + 227200 x (35 -7 -2~ 1875)
Assuming;
Crest width=2m
h=240m
Thickness required at A =t = 24
s req » “Gc—1 -1
=1.94 m > 1 m (Unsafe)
Exit gradient
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—

We have,
Exit gradient (Gg) = H
d n/A
H = Maximum seepage head =134 —127 =7 m
d = Depth of d/s cutoff = 127 =120 = 7m

a=g=§}=729m

2
l=li[12i__a_=4.ls

7. 1 1
7L _—016<(saf
Ge =7 % 75 = 216 <5 (Safe)

The exit gradient is equal to 0.16 i.e., 1in 6.42, which is safe,
Hence, given weir profile is safe against piping and unsafe against uplif
PROBLEM 12

Find whether the section provided is safe against uplift at A and B,
[20m1 Magh]

AV <.\

216

[
©)
D,
208

>l >l

L 25m

Ky

Figure 543

Solution:

For u/s plle no. 1
b=60m
d=213-208=5m

o5 =2eost (232) = 0256 = 256%

G, =100~ by = 100 - 25.6 = 744%
; © 1 -
¢p = o (251) = 0178 = 17.8%
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g

o, =100 — bp = 82.2%

comection for dc,

j Dueto mutual interference of pile 2
D=212-208=4m
d=212-209=3m
b'=15m
b=60m

c= 19‘]% (247) = 1.145% (Positive)
ii) Thickness correction

c=%"-§;;0%lx 1 = 1.56% (Positive)

Corrected ¢c, = 74.4 + 1.145 + 1.56 = 77.105%

For intermediate pile no. 2
d=213—-209=4m
by=15m
by=45m

a1=%-=11§=3.75
a2=%l=%=11£
l=_2_JlJf"¥~“ L P
NP LET L LT S

g, = %cos‘1 (i‘-k——l) =713%
bp, = %cos'1 (—Axl) =662%

b, = 3eos (1) = 616%

Comection for ¢y,

) Due to mutual interference of pile 1

D=212-209=3m
d=212-208=4m
b'=15m

b=60m

+ c1o[Pd+D) _ .
C=19 j; (S52) = 0.991% (Negative)

1 Thickness correction

71.3 — 66. .
C=BA=82 1«1275% (i)
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Corrected ¢y, = 71.3 —0.991 — 1.275 = 69.034%

Correction for ¢c,
i) Due to mutual interference of pile 2

D=212-209=3m
d=212-205=7m
b =d45m
b=60m

’D d+D .
= =0 t
Cc=19 b-,(--,5—) 0.82% (Positive)

ii) Thickness correction
_662-616_ . _ e

C= =30 < 1 =1.15% (Positive)
iiij) Slope correction
c=QxE
b,=4x3=12m
by =45m
C=33x 12 = 088% (Negative)
Corrected i, = 616+ 0.82+1.15 - 0.88 = 62.69%

For d/s plle 3

b=60m
d=212-205=7m

u=§=8.571

= e (5 =01

oy =qes (A7) = 200%

Correction for ¢,

i)  Mutual interference due to pile 2
D=211-205=6m
d=211-209=2m
b'=45m
b=60m

10 |Dfd+Dy .
c=19 j;(—b—) =0.925% (Negative)
ii) Thickness correction

C= H x1=1.314% (Negative)

—
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Corrected ¢, = 30.1 - 0925 - 1.314 = 27861%

The corrected % pressure at key points are tabulated as under:

el o
fbr,‘ = 27.861%

‘P(‘ =0%

. u/s pile 1
g, =100%
¢p, =82.2%

¢, =77.105%

__Intermediate pile 2
br, = 69.034%
bp, = 66.2%
be, = 62.69%

Maximum percolation head = 230 — 212 = 18 m

Uplift pressure @E; =1x18 =18 m
@D, =0822x 18 =14.796 m
@C; =0.77105% 18 = 13.879 m
@E; = 0.69034 x 18 = 12426 m
@D; =0.662x18 =11.916 m
@C, =0.6269x 18 = 11.284 m
@E, = 0.27861 x 18 = 5015 m
@D, = 0209 x 18 = 3.765 m
@C;=0%x18=0m

Uplift pressure at 'A' (h) = 5.015 + ]—]ﬁéim—g x20=7801m

Thickness required at 'A' =C%I=172§0T11
=6291m>2
Hence, unsafe.
Uplift pressure at B (h) = 5.015 m = @E,
Thickness required at B= 532y = 404 > 1m
Hence, unsafe.

PROBLEM 13
Calculate % of uplift pressure at C, and E, with necessary corrections nsing
Khosla theory. Assume thickmess of floor is 1 m. [P.U. 2014, Fall]
' 160 m y‘_‘
1R m
R|G E;

®

MSD' 15
fe———40m——+<—12m >

FE 0

Solution:
1, Mc‘

b=52m
d=152-145=7

-b_
“—3—7.48
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1+h+ 2
1:-4‘-;-“:4;43

do=gxas (4

= ¢p, =10 —¢p =223%
%:%xms“(lT_-;) =322%
2 A = 10— =10 -322=678%

Correction for ¢,
i) Mutual interference due to pile 2

Assume lower level of floor = 152 — Thickness (Tm) =131 5

D=151-145=6m
d=151-145=6m
b’ =40m
b=52m

D(d+D ,
~ C=19 ’— —5 ) = 1.698%(+ve)
b'( )
i) Thickness correction

c=( ~ %) x 1 =1414%(+ve)

152 —

=« Corrected ¢c, = 67.8 +1.698 +1.414 = 70.912%
AtE,

d=152-145=7m

b=52m

b; =40m

b, =12m

ay —_—%:5.714

ay =%= 1.714

A= ‘l+a¥ ; ll+a§ =3.89
A = ’l-l-(!%;,‘]'l'ﬂ% =1.908

o, =3 xcos (A Y) = a25%
oo, =-‘1;Xn:os" Gl)=33.7%‘

Cormection for ¢y, .
i) Mutual interference due to pile 1
D=151-145=6m

o C}qﬂﬂ‘ 3 Divervon Headhenetn | 208

d=151 <148~ om
b = d0m
b=8dm

. D+ D .
A C=1o j;(‘-T‘—) = LeNA(-ve)

i) Thickness correction

(=)  ws-an

C= B O P L (= o e I YRR
A Correvted gy, = 425 = LoWs — 1257

= 30 K48%
FROBLEM 14
What are silt controlling structurea? Explain any nno with m_ai shetches. |
Soluttont

The structures made for the purpase of trapping silt present in the tver and
anl water 1o reduce sadinent load on canal are callad silt controlling
anitures, They ave:
) Siltexcluder
) Siltextractor or efector

See the definition part 5.1.6 and 5.1.7

FROBLEM 15

|Hlmpcwlo|u floor of a welr on permeable soll is 16 m long and has sheet|
plle at both the ends. The w/s pile is 4 m deep and the d/s plle ls § m deep.
The welr creates a net head of 2.5 m neglecting the thickness of the weir|
floor; calculate the uplift pressure at the junction of the inner faces of the

plle with the weir floor, by using Khosla's theory,  [2071 Bhadra: T.U
Solution:
Assume;
Floor thickness = 1 m L -
For Ws |\ile 1 - 2Am
d=5m I LT
b=16m . (4 IS i% G
W, v .
ﬂ=§=3'2 ED"ﬂ"dlnm" ‘ '\-. '

AN

1+ 1+ %
J\=—1[7—_“—=.—.2.176

1 -
T 0 =100 = by =100 - 47.4 = 52.6%
1 -
and, th, = .T-f X cog™! (-A—x—'l-) = J1.8%
b0, =100 = gy = 100 = 31K = 68.2%
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Corection for ¢c,
i)  Mutual interference due to pile 2

D=4m
d=5m
b =16m
b=16m

c=19 E (d—+b—D) =19 J%(“-T%ﬁ) = 5344% (+ve)

ii) Thickness correction

C= (¢D ~ e ) x1= iﬁ&s—_sz—(’) x 1 =3.12%(+ve)

Corrected ¢, = 52.6 +5.344 +3.12 = 44.136%

For d/s pile 2
d=6m
b=16m
a = 2.667

1_1+J1+a2_1+.[1+(2.667)2 00
=LrT ‘ =1

¢5,'= %x cos™! (2‘—{—2) = ;1—' X cos™! (%2) '=513%
¢p, = % x cos™ (A ]) = % X cos™! (—1-9-22—1'9?4 - 1) =341%
Correction for ¢,
i)  Mutual interference due to pile 1
D=5m
d=4m
b’ =16m
b=16m

Cc=19 ‘E (9-";_'3) =19 J% ‘%i) = 5.344%(~ve)

ii) Thickness correction

b2 (o, 2 ¢o,) 1= L3234

x 1=3.44%(-ve)
Corrected ¢g, = 51.3' 5344 — 3.4 = 42.516%
We have,
Maximum percolation head = 2.5 m
Uplift pressures @ C; = 0.44136 X 2.5 = 1.103 m
@D, =0.682% 2.5 =1.705m
@E, =0513x25=1283m
@C, = 0341 x 2.5 = 0.853 m
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POBLEM 16

what Is hydraulic structure? What are the basic principles of designing
hydraullc structure? State the difference between Bligh's creep theory and
Lanes weighted creep theory. ~ [2071 Bhadra: T.U.|
Solution:
jiydraullc structure

ﬂydraullc structures are those, constructed for the purpose of either storage
or diversion or both, Some of the important hydraulic structures are as
follows;

) Weir or barrage [Figure 5.2, 5.3, 5.7, 5.8]

iy Dams

jiij Head regulator [Figure 5.13]

jv) Cross regulator

y) Cross drainage works

vi) Siltcontrolling devices (silt excluder, extractor), etc.

The basic principles of designing hydraulic structures are as follows:

) Bligh's theory

iiy Lane's weighted creep theory

iiiy Khosla's theory

' Differences between Bligh's and Lane's theory

] Bligh's creep theory ~ Lane's weighted creep theory J
i) It makes no distinction between|It assumes that vertical creep is 3|
horizontal and vertical creep i..,|times more effective in reducing!
L=N+V . . |uplift than horizontal creep ie,|
where, N is the horizontal creep(, _1 «‘
and V is the vertical creep. - il ;
i) |Bligh's coefficient (© is|Lane's coefficient (o s
distinguished for four types of soil. |distinguished for six types of soil |
iii) |It is widely used for design of|Being empirical and lacking]
hydraulic structures. rational analysis Lane's theory is,
limited theoretically. |

PROBLEM 17
r"Tlrrigltion barrage has to be designed to pass a flood of 10000 m?/s,

through alluvium media (median diameter of particles = 0.33 mm). The
flood level, pond level and d/s floor level are 207.0 m, 204 m and 198.0 m

tespectively. If the safe exit gradient is %, compute minimum total

impervious floor length required to safe guard the structure from piping.

Prepare a conceptual section of the designed structure. [2072 Ashwin] |
Solution:

Given that,

Q =10000 m?/sec.

d=033

(=176Vd = 1.76¥0.33 = 1.011
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Overall waterway,
P =4.75,/Q = 4.75V/10000 = 475 m

Discharge intensity, q = % = L—'g? = 21.053 cumec/m
1

(21.053) ) =1026m

2
Scourdepth(R)=1.35( ) —135( o1

Assume, afflux=1m
Here,
u/sHFL = 207 m
d/sHFL = u/s HFL — Afflux
Provide d/s cutoff at 1.5 R from d/s HFL.
R.L. of d/s cutoff = 206 — 1.5 x 10.26 = 190.61 m
Now, .

Safe exit gradient (Gg) = %

Maximum static head (H) =204 -198 =6 m

Depth of d/s cutoff (d) = 198 —190.61 =7.39 m
We have,

GE =
o 1.6 1

' 6 739w

» A=240

EL .Pond level 204m
d /A =

1980 m

u/s cutoff d/s cuol

Also,

19061
1+ 1+ a? : g
1:_.._2_ I b=275m

1+/1+a?
or, 2.4=——g

a =3.66
Also,

Ao

a=

or, 3.66= 7%
b = 27.09 msay 27.5 m
~ Provide length of impervious floor of 27.5 m.
PROBLEM 18

What are silt ejectors and silt excluders in irrigation system? Write thel
design principles. [2072 Ashwi]

Solution: See the definition part 5.1.6,5.1.7,54.2 and 5.5

Chupter 5: Diversion Headworks | 209

IS

pROBLEM 19

prawing a meat sketch of an irrigation headwork, draw a longitudinal

Wthrnﬂllludnguhtorlhowmgl/sﬂoor regulator gates; energy

gissipaters and protection works. ' [2072 Magh]
Solution: See figure no. 5.1 and 5.39

PROBLEM 20

1 section of a hydraulic structure is shown in figure below, calculate the
sverage hydraulic gradient. Also find the uplift pressures at point A, B, C
andD. Pindthethckneuoftheﬂooratthmpmnb Take G = 2.24.

4 [2072 Magh]

ne

o

le——10 m——> -

A

10m

Solution: Praceed same ‘as example 5.2
PROBLEM 21

Ariver carries a high flood dxschaxgeoflﬁ()l)ﬂm’/uc.mthmavmgebed
level at 200.0 m. A canal carrying 200 m?/sec. is to take off from the
headworks. The full supply level of the canal at its head is 203.0 m. The
high flood level before construction is 205.7 m and Lacey's silt factor is
equal to unity. Fix suitable values for the waterway and crest levels of weir,
undersluices and canal head regulator. Assume suitably any other data if
required. [2073 Bhadra]
Solution:

) Waterway .

From lacey's formula; we have,

P= 4.75/Q = 4.75V1600 = 60083 m
Let us fix the waterway as follows:

Underslvice portion
Number of spans = 6
6 bays of 16 m each = 9%6 m
5 piers of 2.5 m each =125 m
Total =108.5m

Weir bay portion

Number of spans = 30
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30 bays of 12 m each = 360 m
29 piers of 2 m each =58 m
Total = 418
Width of fish ladder = 5m
Width of divide wall =3 m
Overall water way between abutments = 108.5 + 418 +5+3
=5345m
< 600.83 m
if) Crest level of undersluice = Lowest water level given
= 200.00 m
Crest level of weir = 200 + 1.5 = 201.5 m
PROBLEM 22
Calculate the uplift pressure at key points of the pile of the structure
shown in the figure below. Draw HGL and also check the thicknes
provided and safe exit gradient Gy = 3. [2073 Bhadr|
7 RL.1080m
v
Im
' 10m o 20m W
Solution: See the solution of Q. no. 2

PROBLEM 23

Explain the design method to find the suitable size, length and thickness
- |of floor of barrage. Using Khosla's seepage theory. Also draw the typical
section of barrage showing the different component. [2073 Magh]

Solution: See the definition part 5.2.3.1 and 5.1.1
PROBLEM 24
What are the ways of controlling entry of sediments into canal from

headworks? Differentiate between silt ejector and silt excluder i
irrigation system? [2074 Bhadra]
Solution:

Silt excluder and silt ejector are the w'ay of controlling entry of sediments
canals,

For differences between slit excluder and siit ejector
.See the definition part 5.5
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PROBLEM 25

1 anal carrying 150 m® /sec. is to take off from the headwork. The HFL and
srerage bed level of river is 257 m and 250 m respectively. The canal bed
evel, full supply level and pond level are 249.5 m, 253.0 m, 254.0 m
respectively and Lacey's silt factor is equal to unity. Fix the crest level and
waterway of canal head regulator and also determine the length of

impervious floor if safe exit gradient Gg = -:— Draw conceptual sketch of
canal head regulator. [2074 Bhadra]
solution: See the solution of Q. no. 21

PROBLEM 26

Using Khosla's theory, find the seepage pressure head at the key points of
the diversion head works section as shown in the figure below. Check the
nffidency of the thickness of concrete (S.G. 2.4) provided at the mid

section of downstream launching apron of 20 m long. Take slope correction
factor for slope 2:1 (H: V) = 6.5 [P.U.2014])
20m
200m
o e,
<22 | 1980m
v 196.0 m /\.ﬂm 140m
Ii ) AV
195.5m {
1920m 1920m
191.0m
© 190.0m 18.0m
10.0m 200m .
— < 1
3940 m v
400 m s

Solution: See the example 5.4

PROBLEM 27 , ‘
Compare Bligh's creep theory and Lane's weighted creep theory. Explain|
how the safety of any hydraulic structures against uplift can be ensured
using Bligh's theory. [P.U.2017]|
Solution: See the solution of Q. no. 16 and definition part 5.2.1

PROBLEM 28 4

For the figure shown below ignoring floor thickness and slope corrections, |
find the percentage pressure at the key points of the piles using Khosla's
theory, The floor thickness may not be less than 30 cm anywhere. If
Permisgible exit gradient is 0.15, check the floor against piping failure.

| INlso, find the thickness of floor at A, B, C and D points.

[2076 Baishakh]
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500 m -
5“\“ b 497 m 497 m
Blc D)
20m
b 6m > 10m -
Solution:

Proceed same as solution of problem 1, using' only correction for mupy
interference of piles
PROBLEM 29

Describe briefly the design step of silt excluder with net sketches.
[2076 Bhadry)

Solution: See the definition part 5.1.6 and 5.4.2

PROBLEM 30

A weir has a solid horizontal floor length of 50 m with two lines of cut off 3
m depth below the river bed at two ends. The floor thickmess is 1 m at v/s
end and 2 m at d/s end, with the upper level being in flush with river bed
for an effective head of 5 m over the weir, calculate the uplift pressure at
the two inside corner points and also the exit gradient. [2076 Bhadra)

Solution:
Precede same as solution of problem 15 for two inside corner points

For exit gradient, we have,
H 1
Ge=q

5 1
S0, GE—B"ﬂm—UJSG

PROBLEM 31
lﬂmv do you fix the design discharge of undersluices? @]
Solution: .

The design discharge of undersluices is fixed in such a way that.

i)  They should be able to ensure sufficient scouring capacity, for which ¥
discharging capacity should be at least twice the full supply discharg®’
the main canal at it head.
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They should be able to pass the dry weather flow and low floods during
the months excluding the rainy season, without necessity of dropping
the weir structures.

ji) They should be able to dispose of 10 to 15% of the high flood discharge
during severe floods.

PROBLEM 32

Using Khosla's method, calculate the oplift pressures at various key points
in the figure below. Also, determine the exit gradient. Take the slope
correction factor as 6.5. [2077 Chaitra]

.7 10250

ii)

Pond level

101.00

9400 91.00 %200

Solution: See the solution of problem no. 10

PROBLEM 33

An irrigation barrage has to be designed to pass a flood of 11000 m’/sec.,
through alluviam media (median diameter of particles = 0.34 mm). The

flood level, pond level and d/s floor level a1 : 208 m, 205 m and 199 m
1
rupecﬁvely.lftheuafeeﬁtg:ndientit;cmpﬂ:minimmtoul

impervious floor length required to safe gnard the structure from piping.
Prepare a conceptual section of the designed structure.  [2078 Baishakh]
Solution: Proceed same as the solution of problem no. 17

PROBLEM 33 :

|Write down step by step design procedure of head regulator.[2078 Baishakh] |
Solution: See the definition part 7.3
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" Muemn, | g7 OBJECTIVEQUESTION
F 4. Acanal headworks has nothing to dowitha.............
" - Energy of flow curves | a) weir b)  guide bank
F . . fordifferent values of g in ¢)  head regulator d)  safetyladder
1B T ] fmetre ] 7. In a diversion headworks project, the canal head regulator is usually aligned
12 a) parallel to the barrage axis b)  perpendicular to the divide wall
¢) parallel to'the divide wall d) none of the above
11 3, The silt exclusion device, constructed on the bed of the main canal, taking off
from a headwork is called ............
10 a) silt excluder b)  silt ejector
¢) both(a)and (b) d) none of the above
£ 9 4, The safety of a hydraulic structure founded on pervious foundation can be
T ensured ............
iﬂ» 8 a) by providing sufficient length of its concrete floor
> b)- by providing suffident depth of its concrete floor
o 5 ¢ byproviding a downstream cutoff of some reasonable depth
é d) all of the above »
R P 5. Bligh's theory as applied to the design of weirs and barrages on permeable
? foundations, account for ............
& a)  hydrostatic forces only b)  hydrodynamic forces only
5 ¢ both (a) and (b) d) none of the above
6, Khosla's safe exit gradient for design of weirs will be the lowest for the soil
+ ) |
a) finesand ) b) coarsesand
3 b - ¢ shingle and gravels d) noneof the above
\\& 5 e 7. The critical exit gradient suggested in Khosla's theory of design of weirs and
2 4 - i barrages is ...cceceeee
:‘E a)  less for more porous soils b)  more for more porous soils
1 =39 ¢  equal for all kinds of soils d) none of the above
2N E%}s 8. According to Khosla's theory of independent variables for seepage below a
o 2 1:_5 1D — ‘ L : 10 hydraulic structure, the exit gradient, in the absence of a d/s sheet pile is
: : - J ------------ .
Figure 5.27 0 e d) none of the above
9. The back water effect of a weir is best called ............
J ‘ a)  retrogression b) afflux
¢  back water curve d) none of the above
10 Abreast wall is usually provided ............
a)  in the weir section b) in the under-sluice section
.. ) in the main canal section d)  in the head regulator section
' 1L The safety against any possible scour, on w/s or d/s side of the pucca floor of a
| hydraulic structure is usually ensured by laying ............
) a)  inverted filter : b) toewall
©)  rock toe d)  stoneapron
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The minimum thickness (t) of the downstream floor, as required in the desipn

12,
of weirs, can be expressed by the equation ............
h h h-—t h
D 47 Y =3 9 =5 O 131G
13. While designing the floor thickness of a weir in its u/s length, the average head
causing uplift is 2.8 m. The provided floor thickness here, with suitable facto
of safety, could best be ............
a) 2m b) 25m
¢ 08m d 45m
14. The hydraulic jump that develops usually in barrages and canal head regulators
is of the type ..o
a)  strongjump b) steady jump
o osdllating and weak jump d) undularjump
15. Silt excluders are constructed ............
a)  on the river bed d/s of the head regulator
b)  on the river bed u/s of the head regulator
o  onthe canal bed d/s of the canal head regulator
d) none of the above
16. Barrages constructed across alluvial rivers help in ............
a) controlling floods b) restoring river regime
¢}  ensuring monsoon storage d) allof them
17. The tunnel openings provided in front of a canal head regulator at a diversion
headworks ..........
a)  discharge sediment water into canal :
b) d:sdna.rge sediment load into the undersluices, from where it ejects ... to
the d/s river N '
¢  discharge dear water into the canal
d) noneof the above -
18. Ahydraulic jump involves ............
a) _sub-citical flow b)  super critical flow
0 critical flow d) all of them
19. Retrogressionis........c...
a) the backwater effect of a weir
b) the raising of the river bed u/s of the weir, during initial years of its
construction :
¢)  the lowering of the river bed d/s of the weir, during initial years of its
construction d) noneof them
20. The phenomenon of hydraulic jump leads to ............
a)  evolution of energy ' b) dissipation of energy
¢}  sometimes (a) and sometimes (b)
d) noneof them
Answer sheet
1 2 3 4 5 6 7 8 9 | 10
d b b d a a a c b d
11 12 |12 |Tva |15 |16 |17 |18 [ 19 | 20
4 | b | c|c | b [® b a c | 4
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61 RIVER STAGES AND NEED OF RIVER TRAINING

6.1.1 River stages

As the river flow from its origin in a mountain to sea, it passes through
various stages. A river generally has the following four stages.

) Rocky stage (Incised stage)

Itis first stage when the river takes off from mountain and hilly region. Flow
channel are formed by degradation and cutting. Bed and bank consists of
rocky strata. River reaches are highly steep. It is ideal for construction of dam.

) Boulder stage

Itis the second stage of the river. The river passes from rocky to boulder
stage. Bed and bank in this stage consists of large boulders, gravels and
shingles. River cross section is well defined and velocity is high but less than
instraight course.

) Trough and alluvial stage

The river in this stage flows in a zigzag manner known as the meandering
Cross-section is made up of sand and silt. Bed slope is flat and velocity =
small in this stage. The river may be aggrading, degrading or stable type.
Deltalc stage

Its the last stage of river just before discharging into the sea. In this stage the
fiver gets divided into no. of small branches and forms a delta As the niver
approaches the sea the channel gets silted up and water level nses. There are
"o irigation works in deltaic stage.
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Figure 6.1: Delta

Need of river lrulnlng

The importance of river training is as follows;

i) To provide a safe passage to pass flood without overflowing its banks
and thus to prevent flooding of the adjoining areas.

ii)  To prevent river from changing its course and eroding adjoining land,

iii)  To prevent the erosion of banks and hence improve the alignment by
stabilizing the river channel.

iv)  Tokeep river transports the bed load and suspended load efficiently,

v) To provide minimum desired depth of flow required for navigation.

vi)  To deflect the river flow away from a bank or to attract the river flow-
towards a bank.

vii)  To provide a favorable curvature of flow at the weir to control entry of
silt into the canal.

viii)  To control and regulate the river bed configuration.

62 CILASSIFICATION OF RIVER TRAINING WORKS

High water training works (training for discharge)

High water training works are constructed for the purpose of quick disposal
of maximum flood and to protect ad]ommg land against damage due to
floods. It aims to provide sufficient river cross section for sage passage of
maximum flood.

Low water tralning works (training for depth)

It is undertaken with the primary purpose of providing sufficient water depth
for navigation during low flow period. Generally, spurs are constructed to
contract the width of the channel and hence to increase the depth.

Mean water tralning works (training for sediment)

It is undertaken with the primary purpose of providing efficient disposal of
sedimient load and bed load and thus to preserve the channel in good shape. It
is the most important training of the three types.

‘6.3 METHODS OF RIVER TRAINING
Following are generally adopted methods of training rivers,

1) Marginal embankments or levees
These are the earthen embankments which are construcled parallel to the
river banks at some suitable distance from it. These embankment walls retait
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the flood water and prevents from spreading into the nearby towns. The
alignment of levees should follow the normal meandering pattern of the river,

gect of marginal embankments

n  Increase the water surface elevation and discharge

n  Reduction in walter surface slope

p  Increase in velocity and scouring action

p  Increase in bed levels

p  Deposition of silt

) Guide banks

Guide banks are the earthen embankments constructed for confining the
alluvlal river flow within a reasonable waterway and guiding it to a hydraulic
structure, such as weir, a barrage or a bridge so that there is straight non
tortuous approach to it.

pesign of guide bank

a2  Water way

The waterway is the actual width through which flow takes place at the
structure. Generally, the length of clear waterway provided between the

guide banks is taken equal to lacey's perimeter. i.c., P = 4.75/Q

b}  Top level

The top level of guide bank is kept equal to the u/s total energy level plus
adequate free board. The u/s total energy level is equal to the high flood level
before construction plus afflux and velocity head. Thus,

Top level of bank

Alflux is rise in water level on the u/s of the structure.
Free board =1.25 to 1.5 m

¢  Length of guide banks -
According to Gales the length of u/s guide bank is taken according to the
river discharge as shown in table.

= HFL before construction + Afflux + ,‘,’; 3 Fioe boued

Discharge Length l(:: :l{s guide | Conw:s;:::: ::wards
Less than 20,000 cumecs 1.25L 1in20
20,000 - 40,000 cumecs 1.25Ltol5L 1in20to 1 in40
Greater than 40,000 cumecs 15L lin40

The length of d/s guide banks is recommended as 0.25L for all discharges.

d)  Radius of heads

The guide banks are provided with u/s and d/s curve head as shown in the
figure.

L yscurve head

The main function of u/s curve head is to guide the flow smoothly and axially
to the structure and to keep the end spans active. A safe value of radius (R) for
u/s curve head is taken as, R = 0.45L [L = width of river).

According to Gale,
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R = 250 m for discharge between 7000 to 20000 cumecs
= 580 m for discharge between 40000 to 70000 cumecs
For discharge between 20000 to 40000 cumecs the value for R may be obtaineg
by interpolation. The u/s curve head is extended to subtend an angle of 12p
to 145° at its center as shown in figure 6.2.

.............. K
R-(HSL% Flow - 9R=0.45[.
- 120°t0 145° ﬂ Q 120° to 145°

e
5
o4
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- 2|g
glE
oo
&8
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ozsw Axisofbridge \., o251
Figure 6.2: Plan of guide bank

2. ° dfscurve head
On the d/s, the river fans out so as to attain its normal width. The radius of
d/s head is kept equal to one half of the u/s head radius.

iz, « R= @ —0225L

- Figure 6.3: Cross-section of guide bank

e)  Cross-section of bund \
The top width of the guide bank should not be less than 4 m. Side slope
should not be steeper than 2 : 1. A minimum free board of 1.2 to 1.5 m is
generally provided.

f) Slope protection .

The water face of the guide bank is protected by stone pitching to withstand
erosive action of the water currents. The rear side is not pitched and is coated
with a layer of earth about 0.3 to 0.6 m thick, '

- —e - e~ clOTOLLIGINMOOMNNgG) [

The thickness of pitching is given by;
1

t=0.06Q3
where, £= Thickness in m.
Q = Maximum discharge (cumecs).
aded filter is 20 to 30 cm thick is usually provided below the pitching to
prevent the failure of slope by sucking action of high velocity flow.

Launching apron
The stone pitching is extended beyond the toe in the form of packed stone
which is called Jaunching apron. If no such protection is provided, scour will
scour at the ‘toe with consequent undermining and collapse of the stone
pitching. The stone pitching is extended on the horizontal river bed portion to
obtain the launching apron. The launching apron is generally laid in a width
equal to 1.5 times the scour depth 'D' below the original bed. Total scour
depth below HFL is t;aken as 'xR'; where, 'R’ is lacey's normal scoured depth

given by:

1
3
rR=047 (%)
where, 'Q' is the discharge and 'f' is silt factor.

. Mean value | D = xR - water depth
Locat P
SN T of x above bed
1. |Nose of the guide banks 225 225R-y
2. |Transitions ‘' from noses to ]
straight portions #els 15R -y
3. [Straight ch f id
aight  rea le; of guide 1.25 125R - y

Generally, a scour 'slope of 2 : 1 is assumed and the thickness of the launched
apron should be 1.25t, where, 't' is the thickness of stone pitching. Then, the
volume of stone required in the launched apron per unit length perpendicular

to paper is; :
V412X D (1250 =125t x V5 D
=28tD
If the width of un-launched apron is 1.5 D, then the thickness of launched

apron (T) is given as;
_28tD -

T= 15TD '
=187t (say 1.9 1)
Hence,
T=19t

1
where, t = 0,06 QJ,
The width of the apron (1.5D) will be different in different portions of guide
banks depending upon the value of D.
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Example 6.1
Design the guide banks for a bridge site with the following data.
Maximum flood discharge = 10,000 camecs
HFL = 200.00 m
River bed level = 195.00
Average diameter of the silt particle = 0.3 mm
Solution:
Waterway from lacey's formula,
P = 4.75,/Q = 4.75V10000 = 475 m
Allowing 20% extra for pier thickness, end contractions, etc.
Overall waterway, L =1.2 X 4.75 = 570 m
Length of guide bank u/s =1.25L = 712.5m
Length of guide bank d/s = 0.25L = 1425 m
Radius of u/s curve head = 0.45L = 256.5 m
Radius of d/s curve head = 0.225L = 128.25 m
Angle of sweep of u/s head = 135
Angle of sweep of d/s head = 60
n Cross section
Assuming a free board of 1.5 m,
Top level of the guide bank = 200.00 + 1.5 = 201.5m
Let us assume a top width of 5 m;
Height of guide bank above river bed = 201.5-195=6.5m
Let thesideslopes be2:1

1 1
Thickness of stone pitching, t = 0.06 Q3 = 0.06 x (10000)3 =13m

Volume of stone pitching per meter length, v = V22 +1x65x13
: =189 m’

1) Launching apron
] Lacey's silt factor (f) = 1.76 V0.3 = 0.96

1
Lacey's regime scour depth (R) = 0.47 (?Q-)3

1
=047 -0——10‘;%0)’ =1026m

At nose of guide bank;
Depth of scour below river bed (D) = xR —y

=2.25 x 10.26 — (200 — 195)
=18m
“e Length of launching apron =1.5D=15x 18 =27 m
Thickness of apron at the inner edge = 1.5t=1.5x 1.3
=1.95m (say 2m)
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Thickness of apron at the outer edge =225t =2.25x 1.3
=293 m (say 3 m)
M ransition of guide bank;
Depth of scour below river bed (D) = xR - y
! =15%1026-5
=10.39 m (say 10.4 m)
Length of apron = 1.5D = 1.5 x 10.4 = 15.6m
Thickness of apron is kept the same as that of the nose.

Al shank of gulde bank;
Depth of scour below river bed = 1.25R - y
=125x1026-5
=783m

Length of apron = 1.5 D = 11.7 5m
Thickness of apron is kept same as that of nose.

Nosey, —=gmonmmmmmey F -------- Nose
2565 m Flow 256.5m
135° | ﬂ 135°
7125 m — Shank
< 570m »  Axisof
bridge
..... O Bt S e
687 125 m i wzs m
. Figure: Plan of guide bank

Example 6.2

The following hydraulic data pertains to a bridge site of a river.
Maximum discharge = 6000 cumecs
Highest flood level = 104.00 m
River bed level = 100 m
Average diameter of river bed material = 0.1 mm
Design and sketch Bell's Bunds including the launching apron to train the
tiver, Assume plentiful availability of boulders near site.
Solution; )
) waterway
Lacey's regime waterway = Clear waterway =P
=4.75/Q
= 4.75/6000 = 368 m
Allowing 20% extra for piers etc. the net spacing between the two
guide bunds at the bridge site = 1.2 X 368 = 40 m
Hence,
L=440m
Length of guide bank u/s = 1.25L =550 m

et
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Length of guide bank d/s = 0.251 = 110 m
Radius of u/s curve head = 04501 = 194 m
Radius of d/s curve head = 0.2250 = 99 m
Angle of sweep of u/s head = 130 (120 to 140)
Angle of sweep of d/s head = 60
i) Cross section
Assuming a free board of 1.5 m and nil value of affluy, and ignonng velooy

head, we have,
Top level of the guide bank = 104.00 +1.5 = 104.5 m (adopt 100 m)

Let us assume;

Top width=5m

Height of guide bank above river bed = 106 — 100 = 6 m
Let the side slopesbe 2:1
We obtain the required section as shown in the figure.

1

Thickness of stone pitching (t) = 0.06 Q3
1
=0.06 x (6000)3

=1.09 m (say 1.1 m)
‘Volume of stone pitching per meter length (v) = /(22 +1x6x11
=1475m’

1i) Launching apron

Nose, < -----=-====gm=mmmtis ~ Nose
1% m % Flow 1M m
130° { u 130°

A 1550 m

jﬁ""ﬁa‘,;] I fiom
Figure: Plan of designed guide bank
Lacey's silt factor (f) = 1.76 V0.1 = 0.556

1 1
)00\
Lacey's regime scour depth (R) = 0.47 (%)3 =047 (%—53)
=1036 m
At nose of gulde bank;

Depth of scour below river bed (D) = xR -y
= 2.25 x 10.36 — (104 = 100)

. ’ =1936m
Length of launching apron = 1.5D = 1.5 x 1936 = 30 m
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Thickness of apron at the inneredge = 13t=15x 11 =1&8m

Thickness of apron at the outeredge =225t =225« 11 = 2475m
A yansition of guide bank:
Depth of scour below river bed (D)= xR -y = 15 113 -4
=11 m(say 12m)
Lengthofapron =15D=15x12=18m
thickness of apron is kept the same as that of the nose
Atshank of guide bank;
Depth of scour below riverbed = 1.25R = v = 1.3 x 030 -4 =9 m
Lengthof apron=15D=135m
thickness of apron is kept same as that of nose.

HFL = 1M 0m

Sm ! 12m
Figure: Cross-section of A-A

S5m

fe—
RL =106 m

i) Groynes or spurs
A spur, spur dyke, or groyne is a structure made to project flow from a niver
bank into a stream or river with the aim of deflecting the flow away trom the
side of the river on which the groyne is built. Two to five structures are
trpically placed in series along straight or convex bank lines where the flow
lines are roughly parallel to the bank. Spurs help train a river to flow along a
desired course by preventing erosion of the bank and encouraging flow along
a channel ‘with a more desirable width and alignment. They are usad to
control natural meandering at a river bend, to channel wide nivers, and to
tonvert poorly defined streams into well defined channels. The spuss create a
2ne of slack flow which encourages silting up in the region ot the spur to
create a natural bank. They generally protect the riparian environment and
often improve the pool habitat and physical diversity.

Objectives of groynes

0 To train the river along the desired course by attracting of deflecting or

tepelling the flow in the desired direction.
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O  To reduce the concentration of flow at a particular point of attack.
o To create a slack zone for silting up the area. .
n] To protect a bank by keeping the flow away from it. o
o To contract a wide river channel for the purpose of increasing its deyg,

for navigation.

Classification of groynes

Classification based on the methods and materlals of construction

1. Impermeable groynes

Impermeable groynes do not permit appreciable flow of water through them,
They consist of either rock fill, or a core of sand, or sand and gravel, or soil z
available in the river bed. Their top and sides are protected by pitching of
stone or concrete blocks. They have side slope varying from2:1to 3:1an
head slope varying from 3 : 1 and 5 : 1. They can be designed as both
attracting and repelling groynes.

2. Permeable groynes .

This type of groyne permit restricted flow of water through them. They
obstruct the flow and allow the deposition of sediment carried by the river
They are also called sedimenting groynes. The accumulation of sediment
being more or less permanent act as the protection for groynes and no other
materials are required for protection. However, they are not strong enoughto
resist shocks and pressures from debris, floating ice and logs. They are
therefore unsuitable for upper reaches of river.

SRS -y Y e S
—  ~—, —/--v
| i
Figure 64: (a) Impermeable groynes Figure 6.4: (b) Permeable groynes
3m
About 1 m thick A ARRRNAIII

Launching apron

-

T

Classification based on the helght of groynes

1. Submerged groynes i

In case of deep rivers where depths are considerable submerged groynes ar®
used. They can be either solid or permeable groynes. However, submerged
groynes are preferable to submerged solid groynes since the former do not
create turbulent and eddy conditions as strong as with later.

2. Un-submerged groynes

, Generally these types of groynes are used for training of rivers and protection
of banks, .
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“Figare 64 (a) Submerged groynes Figure 6.6 (b) Non-submerged groynes

ciassification based on the function served

4.  Aftracting groynes

These are the groynes pointing d/s of the river. They tend to attract the river

flow towards the bank on which it is provided and hence called attracting

groynes. Such groynes causes scour hole to form closer to the bank than the
inclined at right angles to the bank or that inclined slightly u/s and

therefore it tends to maintain the deep current close to the bank. They make

anangle of 30° to 60° with the bank.

2. Deflecting groynes

A groyne either perpendicular to the bank or pointing slightly u/s and having
arelatively short length tends to only deflect the flow without repelling 1t and
hence it is called deflecting groyne. It gives only local protection.

3. Repelling groynes
They are the groynes pointing u/s and tending to repel the flow away from
the bank on which they are provided. The angle of inclination varies from &0°
to 80°. On its u/s side still water pocket is formed and suspended sediment
carried by river water gets deposited in the pocket. Compared to attracting
groynes repelling groynes are more effective and do not cause any trouble.
Typical flow L e—

"‘—_“\ _"/"—_\t

D oD N>
Figure 6.7: (a) Attracting groynes Figure 6.7: (b) Deflecting groynes Figure &.7: (<) Repelling groynes
4. Sedimenting (permeable) groynes

Classification based on the special shape of the groynes
L T-headed groynes, Hockey type groynes, circular head, rectangular

/—-—-
il

River flow River flow Rover flow
River bank River bank Rrver hank
Figure 6.8: (a) Rectangular Figure 6.8: (b) Circular head Figure &8 (<) L-headed
River flow

River flow
—

e

River bank
Figure 6.8 (¢) Hockey type

River bank
Figure 6.8: (d) T-headed
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General guidelines for spur design and construction
Spurs should not be used where the river is already narrow or where

alignment of the river banks cannot be modified or reduced. It is also ny
advisable to use spurs where the opposite bank is exposed lo transvers
flows, which create unacceptable erosion. In such cases conlinuoy
longitudinal protection is required. The effectiveness of a spur depends onig
design and location, and the resources available. The location of the upstrean
starting point and ‘the downstream termination point also inﬂ.ucncc the
success of spur installation. The main characteristics to be considered are
summarized in the following.

Permeabliity -

Spurs can be permeable or impermeable. Impermeable spurs are built of loci
soil, stones, gravel, rocks, and gabions, while permeable spurs usually consis)
of one or several rows of timber, bamboo, or similar. An impermeable spur
blocks and deflects the river flow, while a permeable spur allows waler o
pass through but reduces the water velocity.

Spur height

Spurs can be designed to be higher than the water level at all times (non-
submerged), or submerged during the time offloads, emerging only when the
flood recedes. In general, submerged spurs are designed to be permeabl,
whereas non-submerged spurs are impermeable. The height of non-submerged
spurs should not exceed the bank height because erosion at the end of the spurin
the overbank area could increase the probability of outflanking when the
water level (stream stage) is high. If stream stages can be greater than or equal
to the bank height, the spurs should be equal to the bank height. If floed
stages are always lower than the bank height, the spurs should be designed so
that overtopping will not occur at the bank. Submerged spurs should have a

height between % and 5 of the water depth.

Spur orientation relative to the river axis

Spurs can be attracting, deflecting, or repelling according to their inclination.
An attracting spur points downstream and attracts the flow towards its head
and thus [to the bank, maintaining a deep current close to the bank. A
deflecting spur changes the direction of the flow without repelling it and
creates a wake zone behind. A repelling spur points upstream and diverts the
flow away from itself. The first spur in a bend should always be attracting fo
minimize the impact of the flow. T

Spur shape

Spurs are basically bar shaped, but the end protruding into the water flow can
be shaped differently. An oval or elliptical spur, with the wider portion towards the
bank, can change the hydraulic efficiency and reduce the direct impact of the flood
waler on the spur body. Investigations have shown that the shape of the spur
can affect the bed stress distribution and the scour depth around a spur. For
example, the extension of the high shear stress zone is smaller in T-shaped
-spurs, whereas the maximum scour depth is less around L-shaped spurs.
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sour length
when choosing the length of a spur, it is important to consider the safety of
jheopposite bank. If a spur is too long, it may guide the river current during a
nash flood to the opposite bank which will cause damage; if it is too short, it
may cause erosion of the near bank. As a general rule, the length of a spur should

je no more than é the river width and no less than 2.5 times the scour depth
cometimes a spur is made long and strong with the aim of changing the river
course by repelling it towards the opposite bank, in which case the oppasite
pank should also be protected. Both the river width and the width of the main
flow channel to be deflected should be considered when designing the length
ofaspur. The following two relations are commonly used for determining the
length of the spur,

E=0369 (%;;)
= 0574 (ﬁ;)

where, 'L' is the length of groyne, 'B' is the width of river, 'F is the Froude
number and 'A' is the arc-chord ratio.

Spacing

The effect of a group of spurs depends on their length and spacing. The

spacing between two spurs depends on the length of the spurs. The effect on
 flow is best fulfilled if one strong eddy is created between each pair of spurs.

If the spacing is too wide, the effect of the spurs will be insufficient as parts of
the bank will remain unaffected. A spacing less than the optimum is wasteful
& it does not increase the effect. The length of bank protected by a spur s
generally at least twice the length of the spur projecting perpendicular to the river
water current; thus spurs do not need to be closer than twice their projeciing length.
More exact calculations can be made using the formulae for eddy stability and
energy loss of river flow. In general, the spacing between two spurs should be 2-2.5
times the spur length along a concave bank and 2.5-3 times the spur length along a
comex bank. In the case of a revetment with spurs, the spacing can be
increased without causing harm to the bank. Number of spurs along the
stream bank. The number of spurs depends on the length of strexn bank fo ke
prolecled and the calculated space between spurs.

Cross section
The cross section of guide bank is similar to that of guide bank with an apron.
The following dimensions of an impermeable groyne are generally adopted.

Embankment type '

0 Freeboard=1m

0  Sideslope=2:1

a Top width=3m

g End slopes at head =5:1

Length of launching apron and thickness of pitching as per standard
practice for the guide banks.
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Rock fill type (Low groynes)

(m]
o
o
a
iv)

Free board = 0.75m

Side slopes =1.5:1

To width=3m

Mattress = 6 m wide, 0.3 m thick on the u/s.

Artificial cutoff

An artificial cutoff is developed in a meandering river to divert the flow akr,
a straight course. An artificial cutoff is used for the purpose of training ¢
. river when its meander goes on increasing and endangers some valuable Ly
or property on its banks. It is also used for straightening the river approachyy
a structure. Pickles recommendations for artificial cutoff are as follows;

a

a

a

The pilot channel should be tangential to the main direction of flow
the river both at entry and at exit.

The pilot channel should be excavated on a mild curve of the rive
where the curvature is less than the dominant curvature of the river.

_When the cut cannot develop naturally by scouring action bacawse te

bank material is not easily erodible or because the velocity is low, &
should be excavated to the main river cross section.

When a series of cut is required to be made the cut at the d/s end
should be developed first and the work should then progress u/sk
excavate more cuts.

-4 <
€rine
Figure 6.9: Artificial cutoff
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g4 WORKED OUT PROBLEMS

PROBLEM 1

depth=5.0m.

) Length of guide bund

f) Thidmess of pitching

ifi) Width of launching apron
iv) Depth of launching apron

(Neatly sketch a guide bund and design the following componexnts of guide
pund for river discharge of 4000 m?/sec. and silt factor 1.1 High Hood

* Solution:

Sketch of guide bund
See the definition part 6.3
pesign of guide bund
Q = 4000 cumec
f=11
) Llength of guide bund
Waterway from Lacey's formula,
P=475/Q = 475V200 = 300.416 m
Allowing 20% extra for pier thickness, end contractons et

- Overall waterway (L) =12 x 30416 = 304X = 304X = 21
Length of guidebund u/s = 125L = 125 x 31 =451 5=

Length of guide bund d/s = 0251 = 0353 x %1 =23 m
Radius of u/scurve head = 045 = 045 x ol = 12485
Radius of d/s curve head = 02250 = 0225 x 1 =815

Angle of sweep of u/s head = 135°
Angle of sweep of d/s head = &0°

i) Thickness of pliching
1
t = 0.06Q5 = 0.06 X (4000)f = 0952 m
H) Width and thickness of launching apron

f=11m

Lacey's regime scours depth,
1 1
- 3 (00N

R=047(P) =07 (D) =727 m
Now;, at nose of guide bank,

Depth of scour below river bad (D) = XR -y = 2238 -1

=2B X727 -3

Length/width of launching apron = 18D = 13N\ 1121
=1 ma1Tm
Thickness of launching apron,
Atinner edge = 1.5t = 15X Q82 = 148 m
Atouter edge = 225t = 235X 02 =212 m
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At transition of guide bank (curve portion)
Depth of scour below river bed (D) = XR -y
=15R -y
=15%x7.27-5
) =5841m
Length/width of launching apron = 1.5D
=15x5841m
=8762m ~88m
Thickness is same as that of nose.

At shank of guide bank
D=XR-y
=125R—-y=125x7227-5
=4.034m

Length/width of apron = 1.5D = 1.5 x 4.034 = 6.051 ~ 6.1 m
Thickness is same as that of nose.

PROBLEM 2

Enumerate different methods of flood control measures. Explain the
function of spur and their types with the help of neat sketches.
Solution:

Different methods of flood control measures are;

i)  Marginal embankment or levees

ii) Guide bank

iii) Groynes or spurs

iv) Artificial cutoff

v) Pitched island

vi) Sills (Submerged dikes)

vii) Bandalling

viii) Closing Dikes

Functions of spur

i)  To train the river along the desired course by attracting or deflectionor
repelling the flow in the desired direction.

ii) To protect the bank by keeping the flow away from it.

iii) To create a slack zone for sitting up the area.

iv) To reduce the concentration of the flow at a particular point of attack.

v) To contract a wide river channel for the purpose of increasing its depth
for navigation. -

Types of s'pur

See the definition part 6.3

PROBLEM 3

Design a guide bund for a flood discharge of 7000 cumecs, the high floed
depth is 5 m and silt factoris 1.1.
Solution: See the solution of Q. no. 1
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gL .
’;ROBLEM 4
Design the following components of a guide bund for a river discharge of
mon’/uc. and silt factor 1.1, Take HFL = 150, Bed level = 145 m.
) Length of guide bund
Thickness of pitching
i) width of launching apron

) pepth of launching apron
gsing the design data draw the following;
). Plan of guide bank
gection at shank and
C: gection at u/s curved head

Solution:

Q = 6000 m*/sec.

f=11 .

High flood depth =150 —145 =5m
Waterway from Lacey's formula,

P =4.75/Q = 4.75V6000 = 367.933 m
Increasing by 20%,

Overall waterway (L) = 1.2 X 367.933

=44152 =442 m

) Length of guide bank

Length of guide bank u/s =125L =125 x 42 =5325m
Length of guide bank d/s = 0.25L =025 x 42 =1105m

) Thickness of pitching,

1 1
t = 0.06Q3 = 0.06 x (6000)3 = 1.09 m

i) Width of launching apron
f=11m

1 1
R=o.47($)3=o.47 00 — 8273 m

Alnose of guide bank
Depth of scour below river bed (D) = 225R -y
=225x8273-5
=13.614m
Length/width of launching apron = 15D =15 x 13.614
=20421m
Affransition of guide bank (curve portion)
D=15R-y=15x8273-5="741m
Length/width of launching apron = 1.5D = 11.114 m

Atshank of guide bank
D=125R -y =125x8273-5=5341m

Length/width of launching apron = 1.5D = 8012m
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iv) Thickness of [aunching apron
At inner edge = 1.5t = 1.5 x 1.09 = 1.635 m
At outer edge = 2.25t = 2.25 X 1.09 = 2.453 m
Use 1.7 m at inner edge and 2.5 m at outer edge.

A. Plan of guide bank

Radius of u/s curve head = 0.45L = 0.45 x 442 = 1989 m
Radius of d/s curve head = 0.225L = 0.225 x 442 = 99.45m

l98,9: f i :
130° 130°
5525 m
Shank
442 m
AT
’ y >
B. Section at shank
5m
fe——
[ y HIL
A
=109m
2:1 6m L5 D =B.012m
. ARG ARORRANe §T-l.7m
R.L.=100m R W Mkﬁ“...‘\‘l
I »l »le »l
! 12m ! 5m : 12m !
C. Seclion atu/s curve head .
5m
 e—
I=1L09m
6m 1114 m Sm
25m| fos A k‘e !
‘»;;,.: . RRRR “N‘i‘.‘.‘ {3 7m
{':‘.‘ AR L\.\.\.\‘l -\\-1\5\\1
ol »le. :I
! Hm ! 12m !
PROBLEM 5

A guide bank with stone pitching Is required for a bridge on a river having
the following particulars.

Design flood discharge = 50,000 cumecs

Siit factor = 1.1

Bed level of river = 130,00 m

High flood level = 140.00 m

Thickness of launching apron = 2,5 times thickness of stone pltching
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—_
(ution: -
" Q = 50000 m? /sec.
=11
High flood depth (y) =140-130=10m
Waterway (P) = 4.75,/Q = 4.75V50000 = 1062.132 m
nereasing 20%,
L=12x1062.132 = 1274.56 = 1275 m
) Length of guide bank u/s =1.25L = 1.25x 1275 = 19125 m
Length of guide bank d/s = 0.25L = 0.25 x 1275 = 318.75 m

1) Thlclmm of pitching
t—00603 0.06 x (50000)3 =221m

i) Length of launching apron
=11

1 .
R=047()’ = 047 (;(,000) =1677m

Atnose of guide bank
D=XR-y=225R—y=225x1677-5=3273m
Length of launching apron = 1.5D = 1.5 x 3273 = 49.09 m = 491 m

Atkansition of gulde bank
D=15R~-y=15x%x16.77-5 = 20.16 m
Length = 1.5D = 1.5 X 20.16 m = 30.24 m

Alshank,
D=125R -y = 1.25 X 16.77 -
Length = 1.5D = 1.5 X 15.96 =
Thickness of launching apron =

5 =159 m
2394 m

25t = X221l =583 m

lenand sections cant be drawn in the same was as that of Q. no. 4

PROBLEM &

Tollowing hydraulic data near a proposed bridge site are obtained.
Muimum discharge = 4000 m®/sec.

UEL = 205.0 m

River bod level = 200,00 m

Average dlameter of river bed materlal « 0.1 mm

Design the following components of guide bank and neatly sketch it.

') Length of guide bank

) Thickness of pitching of slope
) Length of launching apron

What length of launching apron s necessary to protect the w/
Impregnable head of the guide bank?

™ Thickness of launching apron
Solution; v,

= l.l(\‘/;m o |.',’(\\l‘l"fll 0 .ho
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hore o

Proceed as the solution of Q, no. 1

PROBLEM 7

IDum’be various methods of river training with neat sketches.[2069 Pomhi
Solution:
The various methods of river training are as follows;
i)  Marginal embankments
ii)  Guide bank
iii) Spurs
iv) Artificial cutoff
v) Miscellaneous methods
O  Pitched islands
O  Sills (Submerged dykes)
0O Bandalling
0 . Closing dykes
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" For detail description and figure
See the definition part

PROBLEM 8

the depth of scour below original bed. If a scour slope of 3 : 1 is to be
maintained with thickness 1.5t, find the thickness of apron before it get
launched. Draw neat sketch of designed structure.

Solution:

According to question the section of guide bank can be drawn as;

?7=219t

s (

ie, Volume of launching apron before launching/unit length =18DxT

Volume of launching apron after launching/unit length = v3° + 1°xD
x 123
395Dt
Volume of apron before and after launching remains same, hence,
18D % T =3.95Dt
T=219%

n

The launching apron of a guide bank is laid in a width equal to 1.8 times|

;‘ 9 To protect the banks form erosion and improve the abgnment =
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PROBLEM 9

What is spur? How do you fix the spacing of spur in bend? Draw neat |
sketches of plan and section of gabion spur. [2070 Magh)
solution: o
spur

A spur is a structure made to project flow from a river bank into a stream or
river with the aim of deflecting the flow away from the side of the river on
which the spur is built. Two or five structures are typically placed in series
along straight or convex bank lines where the flow lines are roughly paraile]
to bank.

spacing of spur in bend

0 The spurs do not need to be closer than twice their projecting length.
0 Spacing should be 2-2.5 times the spur length along a concave bank.
9 Spacing should be 2.5-3 times the spur length along convex bank

= L L
_7 K_
Gabion
spur
Plan view Se':tc'a‘ view

Figure 6.10: Plan and sectional view of gabica spur

FROBLEM 10

What is meant by river training works and what are the different
chjectives served by it. What are the underlying prindples behind the
determination of spur spacing? Draw L and X-section of a typical spur.[207]
Solution:

River training works

fxver training works implies various measured adopted on a river to smhioe

¢ niver channel along a certain alignment with a certain cross-secnon These
measures are required to be adopted because rivers in alluvial plan

‘qwmh alter their courses and cause damage to land and property adiacent

b their banks.

Objactives of river fraining works

The main objectives of river training works are as follows:

4 Toprovide a safe passage to flood discharges without overlowing wo e
banks for protection of cultivated area.

9 To prevent outflanking of a work like a bridge. weir or aquedux

constructed across the river and to bring the river cn the work m 2
straight non-tortuous approach

U.

L

“abilizing the river channel.
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iv) To deflect the river away from the bank this is attacking. o
v) To provide minimum depth of flow and a good course for navigation

purposes.
vi) To transport efficiently the bed and suspended sediment load.

Principles for the determination of spur spacing

i)  The spur does not need to be closer than twice their projecting length,

i) Spacing should be 2-2.5 times the spur length along a concave bank.

iii) Spacing should be 2.5-3 times the spur length along convex bank.
Other factors affecting the spacing of groynes

i)  Width of the river

For rivers of equal flood discharges, a larger ratio of spacing to length of
groynes may be used for a wide river than for a narrow river.

i) Location of the groynes
Larger spacing may be used for convex banks than for concave banks. The
spacing for straight reaches or crossing being kept in between the two.

iii) Type of construction
The permeable groynes may be spaced further apart than solid or
impermeable groynes.
Typical L-section and X-section of spur
X

Head slope I

(a) L-section of spur
Figure 6.11: Typical L-section and X-section view of spur

(b) Cross-section at X-X

PROBLEM 11

Design the length, radius of curved head, length and thickness of gabion
slope pitching and gabion launching apron of a guide bund to train a river
with the following data. [2071 Bhadra: T.U]
Design floor discharge = 3000 cumecs

River bed level = 240 m

HFL=245m

Average diameter of river bed material = 0.1 mm
Solution:
Given that;

Q = 3000 m?/sec,

dmm = 0.1 mm

f=1.76/dpm =056
Now,
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High flood depth = 245 — 240 = 5 m(say y)
Waterway from Lacey's formula;
p=4.75,/Q = 4.75V3000 = 260.163 m

[ncreasing by 20%; we have,
Overall waterway (L) = 1.2 x 260.163 = 312202 = 313 m

I Length of gulde bank * .
Length of guide bank u/s = 1.25L = 1.25 x 313 =391.25 m
Length of guide bank d/s = 0.25L = 0.25x 313 =7825m

() Radius of curved head
Radius of u/s curve head = 0.45L = 0.45 x 313 = 140.85m
Radius of d/s curve head = 0.225L = 0.225 x 313 = 70425 m

i) Length of siope pitching
Providing 1 m FB, height of guide bank =5+1=6m
Providing side slope 2:1,
Length of slope pitching=2X 6 =12m

|v) Thickness of slope pitching
1 1
t = 0.06Q3 = 0.06 x (3000)3 = 0.865 m

v) Length of launching apron
f=0.56

1 1
R =047 (%3 =047 %% ¥

At nose of gulde bank,
Depth of scour below river bed (D) = 2.25R -y
c=225x8224-5
: =13.504 m
Length/width of launching apron = 1.5D
=1.5x13.504
=20.256 m

=8224m

At transition of guide bank (curve portion)
D=15R-y=15x8224-5=7336m
Length/width of launching apron = 1.5D = 1.5x 7336 = 11 m
At shank of gulde bank
D=125R-y=125%x8224-5=528m
Length/width of launching apron = 15D = 1.5x 528 =7.92m

") Thickness of launching apron

Atinner edge = 1.5t = 1.5 x 0,865 = 1.298 m
At outer edge = 2.25t = 2.25 X 0.865 = 1.946 m
Hence, use 1.3 m at inner edge and 2 m at outer edge.
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T
PROBLEM 12
Design and sketch Bell's Bund to train a river at its bridge site h;ﬁm
following data: [2014 Fall: "U||

Maximum discharge = 5500 camecs
River bed level = 100 m
HFL=105m
Average diameter of bed material = 0.15 mm
Solution:
Given that:

Q = 5500 cumexs

f=176/d = 1.76V015 = 0.682

High flood depth (y) =105-100 = 5m
Waterway from Lacey's formula; we have,

P =475/Q = 4.75V5500 = 352.269 m
Increasing by 20%; we have,

Overall waterway (L) =1.2x 352269 = 422.723 = 423 m
D)  Length of Bell's bund
uf/s=125L=125%423 =52875m
d/s=025L =025x423 =10575 m

ii) Radius of curve head
u/s curve head = 0.45L = 045 x 423 = 190.35 m
d/s curve head = 0.225L = 0.225 x 423 = 95.175 m

iii) Thickness of stone pitching .
1
t = 0.06Q3 = 0.06 X (5500)3 = 1.059 m
iv) Length/width of launching apron

f=0682
1 1 .
! ,
R=047(3) =047 (%’ =9425m
At nose of guide bank

D=225R-y=225x9425-5=16.206 m
Length/width of launching apron = 1.5D = 1.5 x 16.206
= 24.306 m

At curve porfion
D=15R-y=15%9425-5=9.138m

Length/width of launching apron = 1.5D
=15x9138
=13.707 m

At shank of guide bank
D=1.?5R-y =125%9425~-5=6.781 m
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Length/width of launching apron = 15D = 15 %6781 = 10172 m

a Thickness of launching apron
Atinner edge = 1.5t = 1.5 % 1.059 = 1589 m
Atouter edge = 2.25t = 2.25 x 1.059 = 2383 m
Hence, use 1.6 m at inner edge and 2.4 m at outer edge.
Provide top width = 5 m and side -:Iupt 2:1

R-masm% Flow @.R'l‘llﬁm
IIT? {l ur >

S28.75m — Shank

Awas of
bndge

b aa

aEaRtsaaaana

»le >l »l
12m ! 5Sm. ' _12m !
Figure: Section at shank

S5m H 12m

Figure: Section at tys curved portion

12m

| ROBLEM 13

Design and sketch Bell's Bund to train a river at the bridge site having the

Idlowing hydraulic data:

Marimum discharge = 6000 cumecs

Urer bed level = 100 m

L= 104

Arerage diameter of bed material = 0 1mm
Suton; Proceed as the solution of problem 12
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PROBLEM 14

Hydraullc data pertaining to a bridge site and river Is given as follows; =
Maximum discharge = 4000 cumecs

River bed level = 119 m

HFL=125m

Average diameter of sediment of river = 1.35 mm

Design and sketch Bell's Bund and also find the stone required per metry

length in shank portion. [2014 Fall: Py,
Solution:
Given that;
Q = 4000 cumecs
HFL=125m
Bed level = 119 m
High flood depth (y) =125~119 =6 m
f=176Vd =176V135 = 2.045
From Lacey's formula; we have,
Waterway (P) = 4. 75\/_ 4.75v3000 = 300 416 m
Increasing by 20%; we have,
Overall waterway (L) = 1.2 x 300416 =
1)  Length of Bell's Bund
u/s=125L=125x%361 =451.25m
d/s=025L=025%361=90.25m
1) Radlus of curve head
u/s curve head = 045L = 045 % 361 = 16245 m
d/s curve head = 0,225L = 0,225 x 361 = 81.225m

I11) Thickness of stone pltching
1 1
t = 0.060Q7 = 0.06 x (4000)? = 0,952 m

Iv) Length/width of launching apron
’ f=2045

1 1
R=047(3)’ =047 (535%) =5878m
Af nose of gulde bank
D=2BR-y=225%5878-6=7226m
Length/width of launching apron = 1,5D
=15%7226=10835m

360.5 = 361 m

At fransition of guide bank
D=15R~y=15%x5878 -6 =2817m

Length/ wid(h of launchmg apron = 1.5D
=1.5x 2817
=4.226 m
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e
A shank of guide bank
D=125R~y = 1.25 X 5874 ~ 6 ~ 1.°4% n
Length/width of launching apron « 150
= 197 1.°4%
= 20072 m
P Thickness of launching apron
Atinner edge = 1.5t = 1.5 %0952 =
Atouter edge = 2.25t = 2.25 . (.952
=2142m = 245 m
Sketch the designed bund in same way as problem 12.
Length of shank portion = Length of Bell's Bund u/s — Zadins of

u/f s curve head

1AZ% m = 1A% m

= 451,25 - 16245

=25%m
X-section area of stone pitching and launching apron of shark porion
is; .
= JOP + (122 x 0952 4 2022 % 143
=16117 m*
Volume of stone = 16,117 x 2888 = 4654 609 v’

Volume of stone/metre length = %

=16117
=1612m’/m
5m

A
2:1 2:1
7m 2

mOZLEM 15
W-&hmhwmﬁhdmumdwt
Yiztion: See the definition part 6.3

FIOLLEM 16

Ligs the length, radins of curved head, lesgth asd thickmess of
‘ncking aprom of a guide bund to train a river with the following data.

beign flood discharge = 4500 cumes
Eed level of river = 150,00 m

[2072 Aslwi=]

| EM=154.00 ms

h--adh-mvdmuw-.tau 0.1 mm [2072 Asbwis]

: | stion: Proceed same as the solution of example 62
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PROBLEM 17

Write varions methods of river trainings. Discuss with necessary sketch,
the type of spurs used for river training works. [2072 Magh)
Solution: See the definition part 6.3

PROBLEM 18 .

rﬂxphin with sketch four different methods of river training works.[2073 Bi
Solution: See the definition part 6.3

PROBLEM 19 _

What is river training works? Explain with sketch three methods of
training works normally adopted in Nepalese rivers. [2073 Magh]
Solution: See the definition part 6.1, 6.2 and 6.3

PROBLEM 20

Why river training works are required? Explain with sketch the layout of]
spurs to train the river in bend. [2074 Bhadra)
Solution: See the definition part 6.1.1

PROBLEM 21 :

A bridge is to be constructed across a river having the following hydraulic|
data:

Maximum flood discharge = 5000 m?/sec.
Highest flood level = 254.0 m

River level =250 m '
Average dia of river sand = 0.25 m
Design and sketch a guide bank including launching apron to train the

river. [2074 Bhadra]
Solution: See the solation of example 6.2
PROBLEM 22 ) .

Neatly sketch a guide bund and design the following components of a guide
bund for a river discharge of 4000 n’/sec. and silt factor 1.1.
i) Length of guide bund -
ii) Thickness of pitching
iii) Width of launching apron
iv) Depth of launching apron [2075 Baishakh]
Solution: Proceed same as the solution of problem 12-
m . ’ Ll‘ 4 . LA
Assume, .
High flood depth=5m
PROBLEM 23
[Write procedural steps in spur design. [P.U. 2014]]
Solution: See the definition part 6.3
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jirite the design steps of Guide bank with suitable sketch. (2076 Baishakh]|
glution: See the definition part 6.3 (ii)

HOBLEM 25
write the different stages of river and their characteristics along flow
Plth' [2076 Bhadra]
golation: See the definition part 6.1.1

ROBLEM 26

petermine the length and thickness of launching apron for the straight
portion of guide bund in a river for the data given below. Maximum
jischarge = 6000 m*/sec., Average diameter of bed material = 1.0 mm,
gighest flood level (HFL) = 330 m, River bed level =326 m  [2076 Bhadra]

solution: Proceed same as the solution of example 6.1
ROBLEM 27

Design a guide bank for the weir site from the following data provided. |
Bedlevel of river = 105.00 m I
n
1
|

Depth of water during high flood =5 m

Discharge of river = 6500 m*®/sec.

{The value of lacey's silt factor may be taken as 1. _ [2077 Chaitra] |
Solution: Proceed same as solution of problem no. 1

PROBLEM 28

Design guide bunds and launching apron required to be provided for 2

bridge across a river whose total water way is 658.88 m. The design flood

{lischarge is 13,100 m*/sec. which may be increased by 20% of the design of

leunching apron. The mean size of river bed material is 0.3 mm.

‘ [2078 Baishakh]

Solution:
Gven that;
Design flood discharge (Q) = 13100 m?/sec.
Discharge for the design of launching apron.
Q:=13100x1.2
= 15720/ sec.
he }‘d\'e,

r]Dﬂ!\ V)= (Qf

© v_/15720 x 0_9622
| % ‘..—.i;lz_é_)_} =216 m/sec.

fl/b\]a 1.76‘\'[_:3 0.96

1
{2l waterway = 658.88 m
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High flood depth = '\,—:LB
15720
216 x 658.88
=11.04 m
Now, precede same as solution of problem no. 1.

Chaptor é: Rivar Training Works | 249

P
¢§ OBIECTIVE QUESTION

y,  Por a meandering alluvial river in flood plain, the meander length is about

u) 6w ‘ b) 18W ¢) 17W d W
where, W {s normal river width.

2, The ratlo of dominant discharge for a river to the peak discharge for that river
{sof the order of ............

3 9 .
) B g 9 M

5, The meander length for an alluvial river is ............
a)  thetotal channel length along its looped course
b) thetotal channel length minus the direct straight length
¢ theaxial length of one meander
d) thelooped length of one meander

4 Aggrading rivers are ............
a) silting rivers b)  scouring rivers
¢) rivers In regime d)  meandering rivers

5, The repelling groynes, which are largely, constructed projecting from river
embankments, an anti-erosion works are ............
a) pointing upstream b)  pointing downstream
¢} perpendicular to bank d) none of the above

' 6 The s angle of inclination of a repelling groyne with normal to the bank line,

Is of the order of ............ X
a) 5°to10° b) 10°to30°
¢ 30°to50° d) 70°to90°

7. Analluvial river increases its length by meandering due to ............
a) variation of discharge b) variation of land topography
¢) both (a) and (b) d)  none of the above

8. Out of the following choices given below, choose impermeable spur ..........
a)  an earthen spur protected by stone apron
b)  an earthen spur unprotected by stone apron

o) aballispur d)  atree groyne
¢)  both (a) and (b)
5. Permeable spurs are best suitable for rivers, which ...........

1)  carry heavy suspended load
b)  carry large bed load, but light suspended load

¢)  need permanent protection to dikes
d) need attracting the river current, for providing deeper channel
¢)  flow in upper hilly reaches

10. Meander ratio in an alluvial meandering river is given by ............

Meander length b) Meander width
v Meander wiilﬂ Meander length
0 Meander width % 100 d) none of the above
cander lengt

1. Denehy's spur is couseseee
) ahockey-shaped earthen spur  b)  aT-shaped stone spur
) aT-shaped earthen spur d)  none of the above



250 | Complete manual of Irrigation Engineering {Bachelor of Engineering)

12. Which one of the following effects cannot be attributed to have been caused by
the construction of dykes along a river course?
a)  Faster travel of a flood wave
b)  Higher flood levels along the river
¢ Increased peak discharges all along d/s points
d) Decrease in surface slope of the river above the leveed reach
e) Increased bed levels in the river

13. Which of the following effects produced by a cut off in an alluvial niver, is not
an advantage to navigation?
a)  Shortened route and elimination of sharp bench
b) Shortened travel time, particularly at low and moderate river stages
¢) Increased water depth at low river stages
d)  Lowering of the flood stages and flood periods

14. In a meandering river, the ratio of ‘actual channel length’ to direct axial length
is called ............

a)  tortuosity b) inverse of tortuosity

¢) cutoff ratio d) none of the above
15, - Tortuosity in a meandering river is ............

a) 1 b) <1

g >1 d) none of the above

16. Ariver reach having tortuosity of 1.2 can be said to have ............
a)  20% tortuosity of meander b)  80% tortuosity of meander
d  120% tortuosity of meander ~ d)  none of the above

Answer sheet
1 2 3 4 5 6 7 8 9 10
a b c a a b c e a b
11 12 12 14 15 16
e d a c a
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CHAPTER 7

REGULATING STRUCTURES
L2 2 £ 24

11 Alignment of off-taking channels 251
12 Function of head regulator, cross regulator, outlet, drop

and escapes 252
13 Design of regulator and escapes (crest, length and

thickness of impervious floor) 253
14 Types of outlet, design of outlet (free and submerged)........ 265
15 Types of falls (drops) 271

L2 2 2 22

11 ALUGNMENT OF OFF-TAKING CHANNELS

When a branch channel takes off from the main channel (called parent
cannel), the off-take channel must be carefully designed so that an ofi-
thing channel is able to draw its supply without any undesirable effect
Following are the types of alignment are commonly adopted in practice.

Off taking canal Off takemg canal

Lett bank

il

— =3 e -"-‘g‘—»i“.m‘z

CR anal

Parent canal ipn
() Smooth off take (11) Both Inclined to original flow (iii) Parent canal flows straight
lﬂ"m with reduced width
(He
“t .( fors regulator
Head regulator

Figure 7.1: Alignment types for off taking canal from a parent canal
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The best ideal alignment is when the off taking channel makes zero angle
with the parent channel initially and then separates out in a transition, 5
shown in figure (i).

The transition will have to be properly designed, so as to avoid accumulation
of silt jetty. As an alternative to the transitive to the transitions, both the
channels should make an angle with the off take, as shown in figure (ii).

When the parent channel has to be carried straight, the edge of the cana]
rather than the center line should be consider in deciding the angle of the off
taking as shown in figure (jii).

A distributary head regulator controls the sﬁpply of the off taking channe],
while a cross regulator controls the supply of the parent channel

72 FUNCTION OF HEAD REGULATOR, CROSS REGULATOR, OUTLE,
DROP AND ESCAPES

A distributary head regulator controls the supply of the off taking canals

while a cross head regulators controls the supply of parent channel.

A head regulator provided at the head of the off-taking channel controls the

flow of the water entering in this new channel while a cross regulator may be

required in the main parent channel in the downstream.

Function of head regulator
i) It regulates the supply of water from parent channel to off-taking
channel.

ii)  Itcontrols the entry of silt into the off-taking channel.

iii) * It can serve as the meter for the measurement of discharge.

iv) It used for the shutting of the supply of the off-taking channel when
water is not needed.

Function of cross-regulator

i) The main function off is to raise the water levelmthe parent channel
on the upstream so that. off taking channel can takes its full supply
even when the water level in the parent channel is lower than F.S.L.

ii) = Toeffectively control the canal irrigation system.

iii) It is also used to close to supply in the parent channel on its

downstream.

iv) It helps to absorb fluctuation in the various sections of the canal
system.

v)  There is usually a bndge on the cross regulator, which provides a
means of communication.

vi) It can be used to control the dmwdown when the subsoil water levels
are high to ensure safety.

vii) - It can provide measures for drop if required, also called fall regulator.

Outlets (modules)

A canal outlet or modules i5 a small structure built at the head of the water
course 50 as to connect it with a minor or a distributary channel.

1
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fction of outlets

) Main function of outlet is to take water from minor or distributary
channel.
It distributes water in required proportions in fields.

| ) Itdraws water safely from distributary channel.

frapes
anescape is a side channel constructed to wasting of some water from an
igation channel into a natural drain.

pnction of escapes

j  Ithelpsto overflow the extra surplus water from the canal safely.
j) Itprevents the damage and de-function of irrigation canal.

jj Itprevents the damage of the farming land.

) Ithelps scouring of excess bed silt deposited.

fall (drop)

Acanal fall is a structure constructed on a channel to lower down the water
lvel and the bed level of the channel when the available natural ground slope
issteeper than the designed bed slope of the channel.

function of fall

j  Itlowers the bed level and surface level of the canal.

i) Itdissipates the surplus energy.

ii) It provides safety against erosion in bed, bank and d/s due to excess
energy of flow.

173 DESIGN OF REGULATOR AND ESCAPES (CREST, LENGTH AND

THICKNESS OF IMPERVIOUS FLOOR)

(rest fevels

The crest of a cross regulator is generally kept at the u/s bed level of the
cannel while the crest level of the distributary head regulator is generally
kept0.3 to 1.0 m higher that the crest level of the cross regulator.

Vater-way

Water-w, a} can be worked out by usmg the drowned weir formula, givenas;

Q=3:Cy, /28 B- [(h+ hy)? - h‘,'l] +Cgy-BhyyZgHF )
Where, Cd =0577

C =0.80

Bis the clear waler—way required.

h is the Difference of water level u/s

and d/s of the crest, as shown in the

figure.

hy is the depth of the d/s water level in

the channel above the crest.

h, is the head due to velocity of

approach, which is very small and is generally ignored. The discharge

formula then, becomes;

u/s WL

Figure 7.2
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3 )
Q=2-0577- VEX ORI - B+ (W2 +0.80- 15+ hy V25 I8 I

A
=1.69+B+(h)2 +354-B-hyvh
or, Q=D-vh|1.69h+3.54h]

Conditlons of flow for deslgn
The design is done for the worst of the following conditions.
i) Full supply discharge is passing down both the channels with all gates

of cross regulator and head regulator fully open.

i) The discharge in the parent channel is low but the of-take channel js
running full, and its FS.L. is maintained by the partial opening of the
gates of cross-regulator.

In the first condition, q and H;, are fixed; while in the second case g reduced

and H, increases, depending upon the flow of the channel. The first condition

may become more critical.

If the Jow flow record of the parent channel is not given, the design can be

done for the first flow condition. ‘

Downstream floor level or cistern level

For the above two flow conditions, q and H, are worked out. Then, E;, is

found from figure 5.27, The levels at which jump would form, L.c., the level of

d/s floor, is then given by;
d/sTEL —E,

Neglecting the velocity head;
d/sT.EL =d/sFSL.

Level of d/s floor =d/s FS.L. - Ey,

If the d/s floor for the worst condition works out to be higher than the d/s

bed level of the channel, the floor is provided at the bed level itself.

Length of d/s floor :

It is worked out by calculating 5 (.Vz ~¥,)- 1f by chance, this length comes out
to be small in comparison to ;:'r of total floor length (worked out by exit
gradient consideration, i, b = a-d), then, the length of the d/s floor is kept
equal lo%of the total floor length.

Cut-offs is provided as given below.

Upstream cuf-off
The minimum depth of u/s cut floor level is kept as;

(Yg‘ +0.6 m)
where, y,, is the depth of water in the channel u/s.

Downstream cut-off ;
The minimum depth d/s cut-off below the d/s floor level is kept as;

(!24 +0.6 m)
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-
Jhere, ¥y 18 the depth of water in the channel d /5.

folal floor length

¢ total floor length 'b' is waorked out form the safe exit gradient
ideration, as explained carlier. This total floor length is then sutably

gistributed upstream and downstream.

(plift pressures and floor thickness

 fhe thickness of the d/s floor required, are worked out by the uplift pressures

Khosla's theory, The maximum unbalanced heads at key points are worked
wtfor the maximum static head. The pressure at toe of glacis is also worked
wt for dynamic condition. The floor thicknesses are designed for the worst
as,as explained earlier in the design of weirs and falls. A nominal thickness
#03t00.5 mis provided on u/s side.

protection works
The protection works are designed for a scour depth (D) equal to ( —'f +06m]j

mlhe u/s and (!24— +0.6 m) in the d/s. The 'C.C. blocks' and ‘inverted filter’
geprovided in a length approximately equal to 1.5 D. The quantity of stone
mlnching apron is kept as 2.25 D cu. m/meter.

txomple 7.1

Design a cross regulator and a head regulator for a channel which takes off
from the parent channel with the following data.

Discharge of parent channel = 150 cumecs

Discharge of distributary = 16 camecs

[SL of the parent channel, u/s = 210.0 m

i fS.L. of the parent channel, u/s = 209.8 m

kdwidth of parent channel, u/s =52 m

;u-ia:hofpmnuhamn,d/.usm

[Depth of water in the parent channel
;Uund ws=25m

151 of distributary = 109.1m

iﬂl factor = 0.8 m

loume afe exit-gradient =

Solution:

L Design of cross regulator

Crest levels

(st level of cross is kept same as u/s bed level of parent channel is;
=2100-25=2075m
fnide crest level at R.L. 207.5 m.

, "aterway, neglecting velocity head

Q=B-Vh[1.69 h + 3.54h;]
"*1¢, B is the clear waterway required.
'?fht-, case,
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e
h=u/sFS.L. —d/sFSL. =2100-2098=02m
h, = d/s FS.L. = crest level = 209.8 = 207.5 =23 m
150 = B+ V0.20(1.69 % 0.2 -+ 3.54 X 2.3)
3
or, B =g () = 95

Provide 5 bays of 8.0 m each with a clear waterway =5 X 8.0= 40.0 m.
Provide 4 piers of 1.5 m width each = 6.0 m.

Thus,
Overall waterway =40+ 6 =46 m

Downstream floor level or clstern level
q= 1"‘%2 = 3.75 cumecs/ meters
H,=02m
‘From figure 5.27;
E(z =1.85m
d/s floor level = d/s FS.L. —Eg, =209.8 — 1.85 = 207.95m
d/s bed level = 209.8 = 2.5 = 207.3 m
This is lower than the calculated d/s floor level.
Hence, provide the cistern or d/s at R.L. 207.3 m
Length of d/s floor
Length of d/s floor required =5 (y, = y,)
From the figure 5.27;
For E;z =185m;
y,=18m
For By = E;, ~H; =185+ 02=2.05m;
y, =08m
5(y,~y,) =5(1.8-08)=50m

rd
(Subjected to the limitation of (%) of total floor length ‘')

Vertical cut-offs .
Provide upstream cut-off for a depth = 2-}\ +06m= gT +0.6m
=143m

Below the floor,
Level of its bottom = 207.5 — 1.43 = 206.07 m

e,
Downstream cutoff

Depth of d/s cutoff below floor level = X{l + 0.6 m
= 2'35 +0,6m= LBSm

Hence,
Bottom level of d/s cutoff =207.30 -1.85 = 205.45 m
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[,“| floor length from exit gradient considerations;
. 11

Gi =T 7in
Maximum static head which is caused when there is full water on
u/s and there is no water on u/s and there is no water ind/s
H=u/s FS.L. —d/s bed level = 2100 - 2073 =27 m
d=Depthof d/s cutoff = 1.85 m

\"hl?n'l l l -

Gp= é (Given)

127 1
5=T8 A .

1 1,185 _
o, m—s)(w—n.137

pom plate 11.2;

1
— 0.137,'
)

a=9

b=ad =9 x 1.85 = 16.65 m (say 17 m; for more safc)

-h:%x 17=113m;

A

Minimum d/s floor length required =
which s geeater than 5.0 m, i.e, 5 (y, = ¥, )-

Hence, provide 11,3 m as the d/s floor length.
Glacis length =2 x 0.2 = 0.4 m

| Thebalance ie, 17 =11.3 = 0.3 = 5.3 m is provided as u/s floor length, as
| sownin the figure.

104 q00%
7(\3'{. ~~~~~~~~~~~
sl T
---------- Joo"
TG N2l DAl
19 52 04 12 s
X T 185
2607 ! \t\.vJI\
. 170 o .

Caleulation for uplift pressure
Us cutoff

d=143m
b=170m

1 d_143
ﬂ-[;-—m—-ﬂ.mﬁ

fom plate 11.1 (a);
$F) = 1009
®D; =100 = pD = 100 — 185 = 815 %
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$Cy =100 —pE =100 — 26.5 = 73.5 %

(Assume u/s floor thickness = 0.5 m)

) 1.5“‘1 - 73.5%
Correction to $C; for depth of floor = B—Aﬁg—S— x 0.5

= 2.8% (+ ve)
Correction duet to interference is small is very small and neglected.
¢C; (Corrected) =73.5% +28% =763 %

Downstream cutoff
d=185m
b=170m

.

From plate 11.1(a);
¢E; = ¢E =30%
q)Dz =21%
dC=0%"
(Assume d/s floor thickness near the d/s cut-off = 0.7 m)

Correction to ¢E; for the depth of floor = %"é_ 0.7

=3.4% (-ve)
Correction duet to interference is small is very small and neglected.
¢$Ey(Corrected) =30 % — 3.4% = 26.6%

Floor thickness: d/s floor
At toe of glacis;

76.3% —26.6%
- 17

% Pressure at toe of glacis = 26.6% + x11.3

=26.6% +33.1% = 59.7 %
Maximum unbalanced head at toe of glacis due to maximum static
head (2.7 m) =59.7% x 2.7 =1.61 m
Head due to dynamic head action =50 % (y, — y,) + ¢ X H1
=50 % (1.8 — 0.8) +59.7% x 0.2
=054+012=0.62<1.61m
Hence, static head governs the thickness.

Thickness required at toe of glacis = %—g‘% = 1.3 m; provide 1.4 m
At 3 m beyond the toe of glacis;

76.3% — 26.6%

% pressure = 26,6% + X 8.3 = 26.6% + 24.3% = 50.9%
Maximum unbalanced head = 59.7 % x 2.7 =1.32 m

Thickness required = %—:23% =1.07 m; provide 1.1m
At 8 m beyond toe of glacis;

% pressure =

26.6% + 76.3% —26.6% %
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=26.6% + 9.65 %
=36.25%
Maximum unbalanced head = 36.25 % x 2.7 = 0.9% m
Thickness required = % =079 m
mddeﬂ.ﬂ m from this point to the end, as shown in the figure.
gsfloor
,omucally no floor thickness is required under the upstream floor, since
se uplft is more than counterbalanced by the weight of the water standing

serit. But a nominal thickness of 0.5 m is provided. The floor is thickened to
wmunder the crest in a length equal to 2.0 m as shown in figure.

Upstream protection shall be provided for scour depth = Y; +06m
5

==+06m
=143m
{unching apron
pwvide a launching apron of thickness 1.2 m in length = 25x143 , x‘,l B _r63m

Volume required = 2.25 cu. m/ metre
l¢launching apron = 1.2 m thick laid in a length of 2.8 m.

(C.blocks

|lzus provide C.C. blocks of size 0.8 m X 1.43 = 2.2 m. Hence, 3 rows of C.C.
| ticks of size 0.8 m x 0.8 m X 0.6 m with 10 cm jhories filled with bajn, laid
| et packed stone apron of 0.6 m thickness, in a total length of 2.6 m, shall be

povided as shown in figure.
Downstream protection .
lishall be provided for a scour depth;
D=%+06m=22+06m=185m
| lunching apron
Povide a launching apron of thickness equal to 1.2 m.
Length of apron required = 2'25’ 2
_225x185
- T

=3.84 m (say 3.6 m)
Fonde a launching apron of 1.2 m thickness laid in a length of 3.6 m.

Ioverled filter
Length of filter required =1.5% 185
=277m
fvide 4 rows of C.C. blocks of size 0.8 m X 0.8 m x 0.6 m with 10 cm gaps in
tween, laid over an inverted filter of 0.6 m thickness, in a total length ot 3.5

‘ Rasshown in the figure,
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2=
Operating platform

u/s swing wall
/sFSL210m

U,
3 rows of c.c. blocks

of 0.8 mx0.8 mx0.6 m

S 26

—_

T drowsofce bloeks of
08m=08m=0fm
ckoms '

~ 12 m thick apron

311

Figure 7.4: Details of cross regulator

Provide 0.4 m thick and 1.2 m deep toe walls between blocks and apron inu/s
aswellasond/s.
B. Design of distributary head regulator

We shall first of all determine a suitable regime section for the distributary, sp
as to carry the given discharge of 16 cumecs with the given silt factor = 08

Lacey's regime perimeter (P) = 4.75V14 = 19 m
For small flow width of waterway (Q) = 0.8P = 0.8 X 19 =152 =16 m

16 x (0.8)°
=%§=—ﬁ’—=o.65m/sec.
16

and, Depthofwater= % =065x16 — 154 m

\%

Hence, provide 1.5 m depth.
Bed width of such a channel = 16 m
Depth of water in this channel = 1.5 m
Bed level of Distributary = F.S.L. — Depth =209.1 — 1.5 =207.6 m

Crest level
Crest level of distributary head is generally kept 0.3 to 1.0 m higher than the
bed level of parent channel. Let the parent channel. Let keep it 0.6 m higher.

Crest level = 207.5 + 0.6 = 208.1 m
Hence, deep the crest of head regulator at R.L. 208.1 m.
Waterway
‘The discharge is given by;
Q=B-vh[1.69 h +3.54h,]
where, B is the clear waterway required.
In this case,
h =FS.L. of parent channel — F.S.L. of Distributary
=210,0-2091= 0.9 m.
h; = FS.L. of distributary — crest level = 209.1 — 208.1 = 1.0m
Q =16 cumecs
16 =B 0.9 [1.69 x 0.9 +3.54 x 1]

or, 16=0949(1.69 x 0.9 + 3.54]

L

#
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16
B= m =333 m
s very small as compared to bed width as distributary, 12, 16 m
mevidez bays of 3.0 m each with 1.0 m thick pier in between.
Overall waterway provided =6+ 1 =7.0m
Clear waterway provided = 6.0 m
pewing walls shall be explained with proper divergences, so as to provide
3!'9““’] width of the channel.
Em or d/s floor
Discharge intensity q = ]—6-6- = 2,67 cumecs/metre
H, =u/sFSL —d/sFS.L.

=FS.L. of parent channel — FS.L. of distributary
=210.0-209.1=09m
bgm plate 10.1;
E,=18m
B =E, +H. . =18+09=27m
somplate 10.2;
ey = 27m;
Y, = 04m
ﬂE,z =18m;
Y,= 17m
RL. of cistern (d/s floor) = d/s FS.L. —E, =2091 - 18 =2073m
Length of cistern required = 5(y, —y,) =5(1.7 - 0.4)
= 8.0 m (subjected to minimum of 5t
Vertical cutoff = Depth of u/s cutoff below floor
= %’- +0.6 m

=-23'§+0.6m=1.43m
Bottom level of u/s cutoff = 207.5 — 1.43 = 206.07 m
Depth of d/s cutoff below floor = 3 + 06 m= 5> +06m=13m
forde d/s cutoff depth = 1.6 m
Bottom of d/s cut-off = 207.3 — 1.6 =205.7 m

kil loor length from exit gradient considerations

um static head (H) is caused when there is full water in u's and no
“lerind/s

H=2100-2073=27m

d=depth of d/s cutoff =1.6 m

H 1

G=g—x
AW
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262
Ge = 3 (given)
1_27.,1
*O5TIE WA
o —%:%x%:ﬂlw
Ftomplatelll
—=0.119;
Fm'w,i 0
a=13
& b=ad =13x 1.6 = 20.8 m (say 21 m)
~ Minimum d/s floor length required = % b=2x2‘l=14m

Hence, provide 14 m as the d/s floor length.
Length of d/s glacis = 1.6 m
Length of crest=1.0m
Length of u/s glads = 0.6 m
Toal =172m
The remaining 3.8 m is provided on the u/s side, as shown in the figure.

2:1

Tis

140

Lle sl
O

Figure 75

Calculdation for uplift pressure
i) w's cutoff
d=143m

b=21.0m
&= =715 =0068
From plate 11.1 (a);
&F; =100%
¢D; =100 - ¢D = 100 — 165 = 835%
¢C; = 100 - $E = 100 — 24 = 76%
Assume u/s floor thickness = 0.5 m.
. Correction to ¢C; for depth of floor thickness =
‘ =2.62% (+ ve)
Correction due to interference is small is very small and neglected; hence:
¢C, (corrected) = 76% + 2.62%
=78.62% (say 78.6%)

835% —76% . 05
— 143
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N

pownstream cutoff
d=16m

b:Zl.Om

%:%:%:um_

o p!ate 111 (a);
$E;=dE=255%
6D, = $D =17.5%
G =
szume u/s floor thickness = 0.8 m.
Correction to G, for depth of floor thickness = 2221722 x 03
= 4% (-ve)
(aection duet to interference is small is very small and neglected; hence,
8F, (corrected) = 25.5% — 4% = 215%

P

l
i
i
|

| foor thickness: d/s floor
srecf glads;

x14=215% + 38.1% =5%.6%

— 7 5%
%P =21‘5%4”'78.6% 215%

| yimum unbalanced head at toe of glacis due to the maximum static head

1)is;
=596%x27=158m
Hmdduetodynamichmdacﬁon=50%(_V2-Y,)+¢>‘HL
=509% (1.7 - 0.4) + 396 % x 09
=065+0534=119m<138m
Herce, static head governs the thickness.
: Thickness required at toe of glacis = 15 = 1.28 m; provide 14
A3mbeyond the toe of glacis;
o/
% Pressure = 21.5% + 200 x 11=215% + 29.9% = 51.4%
\hximu:munbalancedhead 514% x 2.7 =139m
Thickness required = T =112 m; provide 1.2 m

-215%

“émbeyond toe of glacis;
%Pressure - = 21.5% + 2282 2% 5 5%+ 2% =
433%
Maximum unbalanced head = 43.3% x 27 =117 m
Thickness required = } l_z = 0.945 m; provide 1 m

Mmﬂl beyond toe of glacis;
% Pressure = 21.5% + 2000~ ZL3% 4 = 21 50+ 1099 = 324 %
Maximum unbalanced head = 324 % x 27 = 0875 m
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Thickness required = % =0.705m

Provide 0.8 m up to the end, as shown in the figure.

U/s floor R
Provide a nominal thickness of 0.5 m under the floor and extend it under the
crest and then join it to the bottom of d/s glacis, as shown in l’lgurc

Upstream protection shall be provided for a scour depth = —§~ +06m

=-§-+ll6m
=143m

Downstream protection
It shall be provided for a scour depth.

D=¥24+0.6m=1i§+0.6m=1.35m

Launching apron '
Provide a launching apron of tluckness equal to 1.2 m.

Length of apron required = 2 5 DaZ 251x2] 35 _254m (say 2.6 m)

Provide a launching apron of 1.2 m tluckness laid in a length of 2.6 m.

Inverted filter
Length of filter required = 1.5 x.1.35 = 2.03 m
Provide 3 rows of C.C. blocks of size 0.8 m x 0.6 m with 10 cm gaps in

between, laid over an inverted filter of 0.6 m thickness.

3 rows of c.c. blocks of 0.8 mx0.8 mx0.6 m
packed stone of 0.6 m thick

Operating platform
u/s wing wall 211.8

.C. f
Bridge arrangement may ——-ggn“;so ?B[ ks fl)l::l:b o

or may no be provided thick inverted filter

d/s wing wall 2100
/d/s apron

g ST
—‘:23-! 2_6—‘-—3,8—-35;4.&-3.1.3.4.—4_-&-.—4#.—2_5—7’ s._z,g_.dz.

04

Figure 7.6; Details of distributory head regulator

Types of canal escapes
Canal escapes may be of following two types depending on the structure.

1) Welr fypes
In this type, the crest of the weir wall is kept at R.L. equal to canal FSL, as
shown in the figure when water level rises above F.S.L., it gets escaped.

)] Regulafor types (sluice type)

In this type, the sill of escape Is kept at canal bed level and the flow is
controlled by gates as shown in figure, These types of escapes are preferred
these days, as they give better control and can be used for complexly
emptying the canal.

Chapter 7: Regulating Structures | 245

Weir wall
Pitching

Natural drain

Figure 7.7: Weir type escapes

Canal scouring escape

tead reaches from time to time.

jj Surplus escape
lisused to wasting excess of water.

i Tallescape

tye tail reaches of canal.
Design

regulator without any raised crest.

Types of outlets

| Non-modular outiets

Matform for gate operation

Bridge roads

"""" ; Piers

Facape caraks

)

Flow direction for canal
Figure 7.5 Regulator type escapes

This type may be constructed for the purpose of scouring of excess bed silt
ePoSIIL'd in head reaches, from time to time and called scouring escape also.

pepending upon the purpose, there are three types of escapes:

(tis constructed for the purpose of scouring of excess bed silt deposited in the

Provided at the tail end of the anal and used for maintaining required F5 L. in

The sill of the regulator is generally kept at about 0.3 m below the canal bed
kel at the escape site. The regulator type escape can be design like a head

14 TYPES OF OUTLET, DESIGN OF OUTLET (FREE AND SUBMERGED)
Thevarious types of outlets can be classified into the three classes.

These are such types of outlets in which discharge depends upon the
dference of head between the distributary and the water courses. Thus the
éxcharge through the outlet varies by the variation of the level of the
luinbutaries of water-courses. For example; open sluice, dronned pipe outlets

oullet.

.,/,,
5L 43
i e 33 1.3y H
A
\ H d
Bed I LI LIS S LA TS LSS LSS LA SV S S AL U Rl
f: R » » " [k;v,‘
AR !... .

Figure 7.9: Open masonry slulce

Working principles of non-modular outlet
" The discharge passing through outlet depends on the level difference
of F5.1., of distributory and water courses and cross-section area of the
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i)  Required cross-section of outlet for required discharge is designeg
according to working head Hy, with formula.
a) For opensluice,

1
Q= CayZgH; - B(H - 3HL)
Here, B is calculated.
b) For submerged pipe outlet
Q=Cy-AJ2gH,
Here, A is calculated.

iii)  Discharge is regulated by providing a shutter on u/s end,
Arrangement is provided to lock the shutter in any required position
to required discharge.

Advantage

i)  Canwork in low available working head.

i) Minimum head loss. .

iii)  Silt conduction is also quite good. !

iv)  Easy and simple to construct and regulate.

v) Cheaper.

Disadvantage

i) Unequal distribution of water. ,
i)  Increase in bed level and vegetation in water courses decreases |
discharge.

)  Seml modular or flexlble modules

These are such types of outlets in which discharge is independent of the water
level of water-courses but depends only upon the water level of the
distributary so long as the minimum working head is available. The common
examples of these types of outlets are pipe outlets, venture flume, open flume,
and orifice semi flume. .

Advantage

a)  Equal distribution of water level irrespective of FSL of water course
FSL.

b) Free pipe outlet is simple and easy to construct.

c) Silt conduction is quite good and efficiency is high.

Disadvantage '

a)  Available level difference between distributary and watercourse may
be insufficient.

b)  Except free pipe outlet other types; semi-modular outlet is costly.
c) Silt conduction is quite good and efficiency is high.

i)  Rigld modules or modular outlets
These are such types of outlets through which discharge is constant or fixed

n

within limits, irrespective of the fluctuations of the water levels of either of
distributary or of the water courses or both. For example; Gibb's module
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/’f

pdvantage
Equal distribution of water level irrespective of distributary and water

course FSL within certain working range.

pisadvantage
) It is costly and requires skill manpower to construct.

' pequirement of good module

It should fit well according to the principle of water distribution i.¢., if
supply is to fix then discharge is fix and if supply is to be changed
capable of changing discharge time to time.

It is simple so that easy to construct and fabricate by local material and
technicians.

¢ Itshould be cheaper since required in large number.

d)  Irshould work efficiently with small working head.

¢ Itshould be strong and durable.

3

‘ fj  Any interference by local people should be made difficult and easily

detectable.

Flexibility

Flexibility is defined as the ratio of the rate of the change of the discharge of
dg

the outlets to the rate of the change of the distributary channel. ie., F = %3

Flexibility = F = 2 x

where, m is the constant depending upon the type of outlet such that;
dg _ dW
q —m-W-.

dQ _ dy
—"y'

n is the constant depending upon distributary; o
y is the depth of water in distributary.
H is the head acting on the outlet.

Proportionality
The outlet is said to proportional when rate of the change of outlet discharge

&quals the rate of change of the channel discharge ie, when flexibility is
tquals to 1. Hence for a proportional outlet,

~m =
F= n xé‘ 1
o H_ m _ Outlet index
* ¥ = n ~ Channel index
Sensitivity

Sensitivity is defined as the ratio of the change of the discharge through the
oullef o the rate of change of the water level of the distributary, referred to

dgq
the normal depth of the channel. i.e., F = '(TL\L
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For rigid modules discharge is fixed and sensitivity is zero.
Relation between flexibility and sensitivity
We have,

dq
Flexibility (F) = gjg

and, %Q- = ngyx
dq dq

ie, F= -Eq——— = %(_d_‘l_)

(¥)dy ¥
o, F= 5

n
~ S=n-F
Setting
The ratio ? i.e., the ratio of the depth of the sill level of the outlet below the

FS.L. of the distributary, to the full supply depth of the distributary, is known
as setting. Thus, for a proportional outlet;

—-——Cm = %, ie, outlet setting should be made.
Minlmum modular head
The minimum difference between the upstream and downstream water
levels, which is required to be maintained so as to enable the module to pass
the designed discharge, is known as minimum modular head.

Efficiency of outlet

It may be defined as the ratio of head recovered to the head put in. Lesser is
the head required for functioning of the outlet; more efficient the outlet will
be. It is the measure of the conservation of head by the outlet.

Drowning of ratio

It is the ratio of the depth of water level over crest on the d/s of the module to
the depth of the water level over crest on the u/s of the module. In case of
weir type outlet, the efficiency is the same as the drowning ratio.

Modular [Imlt and modular range

The modular limits are the extreme values of any one or more variables,
beyond which and outlet becomes incapable of acting as a module or semi
.module. The range between the lowest and highest limiting values of various
such factors is known as modular range,

Design of plpe outlets :

)] Design of submerged pipe outlefs

The two types of pipe outlets are shown in figure 7.10 and 7.11. The pipe
diameter varies from 10 to 30 cm. Pipes are generally embedded in concrete
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od are generally fixed horizontally at right angles to the direction of flow
fhey may also be laid sloping upwards by depressing the upstream end of
e pipe as shown in figure (ii) so as to increase silt conductivity. The pipes
je generally laid about 21 cm. below the water surface level of the

Jitributary channel.
H, = Working head

= Head causing flrw
= [ams of bend

Nater coure

" Horizontal pipe =

i Bed of wa‘!w cour#
Bed of distributary
Figure 7.10: Horizontal pipe outlet (submerged)

H, = Wiorlarg head

Bed of water cowrse

Figure 7.11: Inclined pipe outlet (submerged)
' The velocity through pipe can be precisely computed by using the relation
Hy, = Total loss of head
= Entry loss + Frictional loss + Velocity head at exit
A &\ A
or, HL—O.sz-!'--z—g-&"ng

. R '
o H =2!g-[1.5+%!]

vhere, Hy is the difference in the water level of the distributary and
course.
lis the length of the pipe.
d is the diameter of the pipe.
{’is the coefficient of friction of the material of the pipe.
ler computing the velocity from above equation discharge ' can e
“mputed as;
Q=v x Area of outlet pipe
The discharge, however for all practical purposes, mav be easily computad &
&ng the simple relation;

Q = CdA JZ&'HL
“here, Q is the discharge through the outlet.
Cy is the coefficient of discharge for the pipe outlet. Its average vaiue =

073. Although it varies as the length. size and matenal of the v

Ais the cross-section area of pipe
H, is the Difference of head between the FS Lot the distnbutan and
FS.L. of the water course.
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Example 7.2

Design an irrigation outlet for the following data.

F.S.Q. of outlet = 60 lit./sec.

F.S.L. of distributary on u/s side of outlet = 200.00 m

F.S.L. in water course on d/s side of outlet = 199.92 m

Depth in distributary on u/s side of outlet = 1.05m

Solution:

Available head across outlets = F.S.L. of distributary — F.S.L. of water
course

= 200.00 — 199.92

=0.08m
Since the available head is very small, a. non-modular outlet (such as
submerged pipe outlet) will have to be provided.

Q=60 1it./sec. = 700 = 0.06 m’/sec.
and, C3=073
Now,

Discharge in such submerged pipe outlets, Q = CaA,/2gH
or, 006=0.73A+2x9.81x0.08

or, (“2 ) 0.063 m?

or, d=0.029m
Here, use a pipe of diameter 30 cm, say
R.L. of the bed of the dxstnbutary 200.00 — 1.05
=198.95m
. Let, top of the pipe be at the level 22 cm below the F.S.L. of the distributary.
Lower level of the pipe = 200.00 — 0.22 — 0.03
=199.484 m
) Design of the free pipe outlet
O - Pipe outlet discharge freely into the almosphere
0O Simplest and oldest type of outlets.
0 Discharge through free pipe outlet only depends upon the water
- level of the distributary.
O  Necessity of sufficient level difference.
The discharge can be computed by the equation,
Q=Cy4 A\/-2g_H.a .
where, Cy is coefficient of discharge = 0.62 for general condition
of free out fall,
H, is the head on u/s since measured from FSL. of
distributary up to the centre of the pipe outlet.
A is the area of cross section of pipe.

1 e vy -
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Vi EE

ign 8 plpl outlet for the following data F.S.L.
pply discharge at the head of water course = 100 lit./sec.
\I 41 In distributary = 205.00 m
j1.in water course = 204.00 m

L/r
lution:
Available head across the outlet =

fe,
=062 °

o Q=010 m/sec.

yow, the discharge through such an outlet is given as;
Q=CaAy2gH,

xaming the diameter of the pipe as 25 cm; we have,
010=062 {3'14 X002 X OB} /agH, = 062 0.049 x 4.43,/F;

205.00 = 204.00=1m

1y, Ho=055m

RL. of centre of pipe outlet = 205.00— 0.55 = 20445 m
R.L. of invert of pipe outlet (sill level) = 204.45 — %2-5- =204325

1 > FSL of Water course i.¢., 204 m

| tece, pipe of 25 cm dia. can be laid horizontally with its bottom or sill level
4325 m discharging freely as semi-module.

1§ TYPES OF FALLS [DROPS]
fmeimportant types of falls are as follows:

Rubble masonry
B by,
Surface finished
1 s ‘with cement mortar
; Sime = MWangysrpeszerzang ¥ i
| g g
< == 77777 Curtain wall

Rubble
masonry Curtain wall

Figure 7.13: Rapid fall

(roee/ Concrite bed_ Stone pitchin
]y P §
Figure 7.12: Ogee fall

Pier Notch Abutment
sk
\.J/

sill JA

Found.mon wall

\‘\(\ -—‘I‘Lm ot notch
/} per

l p
Figure 7.15: Trapezoidal fall

) 72,

Rubble
masonry
figure 7.14: Steeped fall
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—
Crest
it it Straight ""r"\g
& & placis

Vertical iy -
drop wall Concrete bed ir‘tﬁ"

= i Curtain/  Stone

Concrete floor wall itk

Figure 7.17: Glacis fall

. i, Bufflewalls

Concrele bed

Curtain wall:

Figure 7.19: Inglis type fall

Figure 7.18: Montague type fall

i) Ogee falls

The ogee type fall is constructed in olden days on project like Ganga canal §
This was gradually led down by providing convex and concave curves, a5 {

shown in the figure.
i) Rapids

slopes in the range of 1in 10 to 1 in 20.

iill) Stepped falls

The stepped falls, in which long glacis of rapid is replaced by long, steeped
floor.

iv)  Trapezoldal notch falls

It consists of a number of trapezoidal notches constructed in a high crestel
wall across the channel with a smooth entrance and a flat circular If
projecting downstream from each notch to spread out the falling jet.

v) Vertical drops fall :
In a vertical drop fall, a crest wall is constructed to create a vertical drop?
cistern is provided to dissipate the surplus energy of water leaving the crest

vi)  Stralght glacls fall

This is the modern type fall. A straight glacis (generally sloping 2 : 1) ¥
provided after a raised crest. The hydraulic jump is made to occur on th
glacis, causing sufficient energy dissipation.

vil) Montague type fall )
This is the improvement over straight glacis fall by replacing the sta®
glacis by a parabolic glacis.

Rapids were provided with long sloping floors (called glacis) having gentle
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s
o Inglls falls or baffle fails
gl fall is also a modi-ficd form of glacis fall by providing a baffle wall of a
pr height at some distance d/s of the toe of the glacis.
sarda fall
isls the raised crest type fall and a type of vertical drop fall. Neppe leaving

pe crest provides the water in the cistern resulting in the destruction of
oxTgY-
pusign of vertical drop

pesign of Sarda type of fall
The design crileria of fall are based on the recommendations of Bahadarbad

pearch station.
i Length of the crest
O Bed width of the canal.
0 For future expansion (bed width + depth of water).
i Shape of the crest
Top width of the crest (B,) = 0.55Vd (maximum)
Thickness at base (B,) =@%Q(Mmum)
where, d = Height if the crest above d/s bed level.
h = Head over the crest.
Take G = 2 for masonry.
For discharge (Q) > 14 cumecs
Trapezoidal crest with u/s side slope of 1: 3 and d/s side slope of 1: 8
Top width of crest (By) = 0.55vH +d

1a Crest level

u/s wing walls
o/s TEL
H u/sPSL ]
LDrinpipe——\ i H, d/sswingwall [ Srckside paching
77 51 a/sEL_| G _

-----------------------------------

410 cm thack ballast

4 urtain oori 4
wall Brick on edge fl d/scumffwall

¥=Uptoa maximum of 14 cumecs
Y Top width of crest = 0.55vVd
heewidih = &;_9

o

Figure7.20: Rectangular crestdor Sarda type fall
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The tollowing discharge formula is used to determine height of water o,
above the crest,
1
3 Hye
Q=C\|\/'2§~L-Hz-(m) |
where, Cy =0.415 for rectangular crest.
0. 45 for trapezoidal crest.
L is the length of trest
B, is the top width of the crest.

Height of crest above u/s bed level = y - h; where, y is the norma]
depth of channel u/g

=y — H (neglecting velocity head)

u/fs wing wall
u/s TEL
——
\uls L g h ‘\\ d/s wing wall Profile wal
[ R * b »
L "
. I
Brick pitching in 1:8 d le———— Warped wing ——
slope1:10 1:3 RN S S ds
— e T € 2
R T n T, e I o S g wall
. - = 1410 cm thick ballast
u/s curtain wall . 2 I 2
Brickonedge flooring  d/s cutoff wall &

Q = For 14 cumecs and over
B, = Top width of crest = 0.55VH + d

Base width = 144

3 My
Q=199
Figure 7.21: Trapezoidal crest for Sarda type fall

iv)  Upstream wing wall
For rectangular crest, the approach wings may be splayed straight at 43° and
for trapezoidal crest as shown in the figure below.

R=5t06N

Berm

7
Width of canal 5
width of crest
Y

FSL

Figure 7,22; u/s wing wall8 for trapezoidal crest of sarda type fall
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.‘/——'

‘ Upstream protection

'«i‘l pucl\lng in length equal to upstream water depth, at sloping towards
.;,,,mslope of 1: 10 with drain pipes.

7 Upstream curtain wall

1.5 brick thick upstream of depth % of water depth

Impervious concrete floor

0 Total length of impervious floor can be determined by Bligh's
theory floor small works and Khosla's theory for large works

g Minimum length of d/s floor of the toe crest wall = 2(Water
depth + 1.2 m) + Drop and remaining provide in u/s

0 Thickness of d/s floor shouldn't be less than 0.4 m and nominal
thickness of 0.3 m is provided in u/s side.

|1D

yin  Cistern
Length of cistern in meters is given by;

L.=5/H H,
Cistern depression below downstream bed in meters is given by;
Ey 2
X = %(H “H)3
where, H is the head of water over the crest.
Including velocity head (m) = (u/s T.E.L. — Crest level)

M/sTEL |
u/s FSL o }}'
R H
‘ 2 W HEL
d/s BED

8  Downstream protection

O The d/s bed may be protected with dry brick pitching about 20
cm thick resting on 10 cm ballast.

O  The length of the d/s pitching is given by the values ot table: or 3
x depth of d/s water whichever is more.

O  The pitching may be provided between two or three curtan
walls.

O The curtain wall may be 1.5 brick thick and of depth = 0.3x d/s
depth or as given in table.
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. Cﬂﬂain ‘"Jh
Head over | Total length of Remtarks

crest &/s pitching No. | Dethiy
Metrey

Up to 03 m 3.0 1 03

03to0.45 30+ 2xH, 1 030

1

045 t0 0.60 45+ 2xH, All sloping down at 1 in 1 045

0.60 t00.75 6.0 +2x Hy 10 horizontal up to end of 050

075t0090 | 90+2xH, masonry wings and then . 075

09010105 | 13542XHL [ goping downat1:10 2 | 0%

1.05t012 | 180+ 2xH, 2 105

121015 | 225+ 2xH; 3 135

Table 1

Depth of d/s cut of wall = % + 0.6 m

Design of vertical drop weir on Bligh's theory
Even this theory is replaced by modern Khosla's theory; it is still useg
espedially for minor works owing to its simplicity. Some empirical formuls
for the length of u/s and d/s given by Bligh's are given below.

| Pond level

Crest shutter, if any
Flatterthan1:1

Weir wall

d/s pucca floor d/s{alus

T

(4H:10V)

—

L
Figure 7.24: Dimensions of vertical drop weir based on Bligh's theory

Length of d/s pucca floor from toe of weir
L= ZZICJ%; for weir having crest shutters.

i)

L, =221C %; for weir having no crest shutters.

ii) L+lz= 1‘8(:, f %% for weir having crest shutters.

L, + L; =18C ’%% for weir having no crest shutters.
where, q is the discharge intensity in cumecs/meter.

L; is the length of d /s loose stone talus.
Length of u/s talus (Ly) may be kept half of d/s talus.

Design of welr wall
By Bligh's empirical formulas
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— -

; . " _ ’ H
Top width of weir wall (B) = =7
M’H is the head of water over the weir wall at time of maximum flood.

G is the specific gravity of floor material.

o, B'=06+Height of crest shutters (for having crest shutters)

Bottom width (B') = H+He(i;giﬂ10fweir
gomple 7.4
jesign 2 1.5 meters Sarda type fall a canal having a discharge of 10 camecs,
ith the following data.
tod level of channel = 103.0 m
e slopes of channel =1:1

supply level upstream = 104.5m

Length of crest

imeasd/s bed width =85 m

(rest fevel

| Arctangular crest is provided, since the discharge is less than 14 cumecs.
Lsng discharge formula; we have,

1
Q=lB4-L-H;-(g)K

. | Asume, top width of the crest as 0.85 m.

3 B
10=184x85x HI x ——
(0855
5
o H=DER —0en

@ H= (().6?3)g =0.753 m (say H =0.76 m)
Velocity of approach (V) = ogrark®
2

Velocity head = gg‘ =008 m

10 .
E5 1513 - M m/=c

U/sTEL = u/sFSL. + Velocity head = 1045 + 0023 = 1453 m
RL. of the crest = u/sTEL —H=153-073m= 10677 m
Height of crest above u/s floor = 103.77 — 103.0 = 0.77 m

‘ Supe of the crest,

Width of the crest (B,) = 0.55vd
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d = Height of the crest above d/s bed
=103.77 - 101.5
=227m
B, = 0.55Vd = 0.55v2.27 = 0.825 m < 0.85 m (O.K))
Keep 0.85 m width of crest.
Thickness at base = ﬂ;ﬁ
_ (0755 0.5)25) +227 o
The top shall be capped with 20 cm thick C.C. 1:2:4
Upstream wing wall

It shall be splayed straight at an angle of 45° from the u/s edge of the cresf
and shall be embedded by the berm. On the d/s side, wing wall are kep
straight and parallel up to the end of the floor and joined to return walls, a5
shown in the figure. :

Upstream protection
1.5 m long brick pitching (equal to u/s water depth) is laid on the u/s bed,

sloping down towards the crest at 1 : 10, and three drain pipes of 15 an |

diameter at the u/s bed level should be provided in the crest so as to drain
out the u/s bed during the closure of the canal. L

Upstream curtain wall = %‘l =%"—5_= 0.5m
Provide 0.4 m x 0.5 m deep curtain wall over 0.3 m thick cement concrete on
the wall on the u/s.
Cistern

Depth of cistern (X) =%(H-HL)§ :

- % x (076 x 1.5)3 = 0.273 (say 0.3 m)

- RL.of cistern =101.5 - 0.3=101.2 m

‘Length of the cistern = 5,/H - Hy,
PRF: = 5/0.76 x 1.5 = 5.34 m (say 5.5 m)
Provide 5.5 m long cistern at R.L. 101.2 m.
Impervious floor

Maximum static head = (Crest level — d/s bed level)

=103.77 - 101.50 = 2.27 m

Total length of required = C.H = 6 x 2.27 = 13.62 m (say 13.7 m)

where, C is Bligh's coefficient and H is the maximum static head.
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g P
P,ovidﬂ 7 m d/s floor and the balance 6.7 m under and u/s of the crest, as
own i the figure.
§ 10377
/ Sub sl HG. line
e Sl Uplift
101 2[ ] I I S
e— 6.7 f 55 d
I« 7 —>
— 137 —
Figure 7.25

fioor thickness H.G. line for the maximum static head is shown in the figure.
0377 - 1015) -

Max. unbalanced uplift at d/s toe of crest = 0.3 + 37

=03+1.16
=146m

\ Thickness required = 120 = 129 m (say 1.3 m)
| povide 1.1 m thick concrete overlain with 0.2 m thick brick pitching.

Unbalanced head at 3 m form crest = 0.3 + 352 x 4
=03+0.67

. =097m
. : 0.97
Thickness required = 124~ 0.789 m (say 0.8 m)
Use 0.6 m thick concrete with 0.2 m brick layer.
2
Unbalanced head at 5 m from toe = 03 + (52 x 2
' =03+033
=055m
Use 035 m thick concrete with 20 cm thick brick layer, as shown in the figure.
D/s curtain wall
The curtain wall at the d/s end of the floor should be 0.75 deep (H = 0.76 m in
Table 7.1)
o, Depth of curtain wall = 0.5 x d/s depth
’ =05%x15=075m
Cut-off wall
Depth of cut off wall = 52+ 06 =135 m

Minimum d/s floor length required = [2(water depth +1.2) +Hy]
=2(15+1.2) +1.5 ,
=2(27)+15 I
=54+15=69m .,

Provide 0.4 m % 1.35 m deep cut of walls over 0.3 m thick cement concrete at
te end of floor i.e, up to a level of 101.5 - 165 = 958 m ie. deepest
Rundation level.
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D/s pitching length =9+ 2 x 1.5
= 12 m (according table 7.1)

Pitching is kept sloped at 1: 10. A curtain wall of 0.4 m X075 mover 03,
thick cement concrete shall be provided at the end of the pitching, as shown

the figure.
u/s wing wall

Profile wall

1ma

wﬂmﬁmﬁﬂs [Frote
rick pitching 20 cm]| ¥l
| RL =1012 ~| thi laidcvcrl(lcmd‘/‘ .
-5 Cisten - &) khick ballast /s
St - —10- : . o4 wall
Y 1 & - i e—Cut off wall-
10!5: 103.0 .
1 Te wall
’ /7 ——
77"/ :;..J]s Rctumwall/\_\ Slope pitching
10511 - 06 N
Figure 7.26; Details of Sarda type fall (rectangular crest)
Example 7.5
DuianS!ltcnnﬂthnhﬂforlmllanyhgadiuhrpoﬂo
cumecs with the following data.
Bedlevel u/s =105.0m
Bedlevel d/s=103.5m
Side slopes of channel =1:1
Fall supply level u/s = 106.8 m
Full supply level 4/s = 105.3 m

Berm level u/s = 107.4 m
Bed widthu/sand d/s =45m

ldcaitpdhnt(url(hnh'ﬂlnory:é

=
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y sl

ation:
” of erest
(s kept equal to the bed width = 45 meters.

¢rest level
Atrapezoidal crest is provided, since the discharge is more than 14 cumecs.
The discharge formula is given by;
1
3 (Hyé
Q=199-L-HI- (BT)
ssume top width of the crestas 1.0 m.
1
3
60=1.99 x 45 x HZ x 115
(1%

5 70 _
o =15 = 0782

3
o, H=(0.782)5 = 0.863 m; Say H = 0.865 m.

. Dischar, 70
Velocity of approach (V,) = mﬂi “@5+138 +/1_ I3
=0.83 m/sec.

2
Velocity head = ;’é =005m
U/s T.E.L. = u/s FS.L. + Velocity head = 106.8 + 0.035 = 106 835 m
RL.ofcrest =u/s TEL —~H=106835 - 085 m=1059m
Adopt a crest level of 105.97 m.

Shape of the crest
Width of the crest (B) = 055VH +d
d = Height of the crest above d/s bed
=105.97 — 1035
=247m
B, = 0.55V0.865 + 247 = 055V3335 = 1.0m
Adopt a trapezoidal crest with top width of 1.0 m and u/s slope 1 : 3and d/s
1:8
Upstream wings walls
Radius of the wings should be 5 to 6 times the head over the crest = 3 x (.85
=432 to 6 X 0.865 = 5.19 m. Use 5 m radius for the wings. U/s wing wall
shll be kept segmental with 5 m radius subtending an angle of o(® at centre
and then carried tangentially into the berm.
Downstream wing wall
The d/s wings shall be kept straight up to a distance say oy H+Hy, ie
685 + 1.5 = 6.8 my say 7 m, and then warped in a slope of 1 : 1 and shall
b taken up to the end of pucca floor.
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Upstream protection

Brick pitching equal to u/s water depth i.e., 1.8 m is laid on the u/s towardg
the crest at 1: 10 slope. Provide 20 cm drain holes in the entire length at 3 m
¢/c to drain out the u/s bed during the closure of the canal.

Upstream curtain wall

rd 1
The minimum depth of curtain wall = (-1;) water depth, ie, g% 18=06m,
Provide 0.7 m deep masonry wall over 0.3 m thick concrete.
Thus, provide the curtain wall of 0.4 m x 1 m on the u/s.

Downstream curtaln wall
Minimum thickness = QC-EE = 1{—;
= 0.9 m or from table 7.1, it is equal to 0.75 m.
Provide a d/s curtain wall 0.4 m X 1 m over 0.3 m cement concrete. Thus, total
depth of d/s curtain wall shall be 1.3 m.
Cutoff wall
Depth of cutoff wall = 3 + 06 = 5 +06 =15m
Provide cutoff wall of 0.4 x 1.5 m over 0.3 m thick cement concrele.
Total depth of cutoff wall = 1.8 m with bottom level at 101.7 m
Cistern .
Depth of cistern (X) =;1[(H-H,)§ =1x (0.865 x 1.5)3 = Ix 119
=03 m (say)
RL.cisterm=1035-03 =103.2m
Length of cistern = 5/H-H,
=5/0865x15
=5x114=57m

Provide 5.7 m long cistern.
Total ﬂoorlcngm and exit gradient

Ge = Ex mfx
where, H is maximum static head.
Maximum head (H) is caused when water is stored up to the crest level and
there is no waterind/s.

H' =10597-1035=247m

d =18m (i.e., Depth of d/s cut-off wall)

=§(s=‘vm)

2 I 247
X Y18 xﬂﬂ
or, b 10% 1.7 =18 m; Use 18 m.
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e
Minimum floor length required on the d/s = 2(water depth +12) 41,
=2008% +12) 4+ 05865
= 6,865 m (say 7m)
provide balance length of 11 under and u/s of crest, as shown in the figure.

i 1677
1[15,40
""""" 1:3 18
lm.w
i
/ 102 1ms
'.".". A 17
10 B ::::::::::::/“"" E,
5 ..;D D,
Y e—236—»|
L.AJ-A-
I 11 e 7 w017
Figure 727
Uplift pressure calculation

Asume u/s floor thickness as 0.5 m, and d/s floor thickness as 0.8 m, and
foor thickness at toe of the crest as 1.3 m.

) Upstream wall
b=18
and, d—lOm
From plate 11.1 (a),
¢E; =0%
¢D; =100-¢D=100—-16=84%
$C, =100 —¢pE =100 - 23 =77%
% =77% -

Correction to ¢C; for the depth of floor = T?'EW:TZ\TG x5
=Tx05=35% (+ve)
Correction due to influence of other wall is very small and neglected.
$C; = (Corrected) =77 % + 3.5 % = 80.5%
0 Toe of crest
by=11m
and, b=18 m

b
T)l = % =(.61
d=1032-1019=13m
_b_18 _
a=g=17=139
From plate 11.1 (b);
¢Dl = 36 %
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) Downsiream curtaln wall
d=17m
and, b=18m

g:%‘g—:ﬂ.ﬂ%

From plate 11.1 (a);
$E; = $E =29%
¢D; = ¢D =20%
G =0%
Correction for depth to ¢E; =g’%}"m
= x08
=42% (— ve)
$E; = (corrected) =29 —-42=248%
The levels of H.G. line for maximum static head are worked out in table and
plotted below:

s d/s Height/Elevation of H.G. line above datum
Conditions W.L "
ot flow  |WLin| o | @, | @Dy [ 4C, | $D2 | OE; | Dy | 4G
mwmmo% 84% |80.5% | 36% | 24.8% | 20% | 0%
Maximum 10597 {10350 | 247 | 208 | 1.99 | 089 0.61 050 | 09
static  head .
ie, water up 105.97 | 10558 | 105.49|104.39| 104.11 |104.00| 1035
to crest level
on u/s and
no water in
d/s
Floor thickness

Provide a nominal thickness of 0.4 m under u/s floor.
Unbalanced head at d/s toe of glacis =104.39 — 1032 =119 m

Thickness required = 137 = 0.97 = m; Use 12m

Provide 1.0 m thick C.C. overlain by 0.2 m thick brick pitching.
Unbalanced head at d/s’end of floor =104.11 — 103.5 = 0.61 m

Thickness required = I3 = 0.5 m; Use 0.7 m

Use 0.5 m thick C.C. overlain by 0.2 m thick bricks.
Unbalanced head at 3 m from d/s toe of crest =091+ %72 X 3

=091+ 0.12
=1.03m

Thickness required = 53 = 083 m

Provide 0.8 m thick C.C. laid over by 0.2 m thick bricks.
Thicknesses provided are shown in the figure,

285

1000
03 RN AR AR
1020

pownsiream pitching
from the table 7.1;

Length of d/s pitching required = 9 + 2H,,

=9+2x15
] =12m

The pitching is kept sloping at 1 : 10 and a curtain wall of 0.4 m X 0.75 m is
provided at the end of this pitching. The bed pitching and side slope pitching
we separated by a toe wall 0.4 m X 0.75 m. Slope pitching is curtailed at an
H angle of 45° from the end of the bed pitching.
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76 WORKED OUT PROBLEMS

PROBLEM 1

Design a canal drop structure for the data given below.
Q = 5m%/sec.

FSLu/s = 110.5m

FSLd/s = 109.5

Normal depthu/sandd/s = 1.5m

Bed width = 3.0 m

Bligh's coefficient = 7

Solution:

Length of crest =d/s bed width=30m=1L

Crest level
Q < 14 cumecs so a rectangular crest is provided.

Using discharge formula; we have,

1
3 -
Q=184 -L-H:(E)"
Assume,
Top width =B, =08 m

1
or, 5=184x30xHI ()’

5
or, H3=0.872
3
cor, H=(0872)5=092m
y Discharge 5
Velocity of approach (V,) = Areag_ =BF1515
[Depth of water = 1.5, let side slope = 1:1]
= (.74 my/sec.

Velocity head = ¥£ 0. 74 =0028m

Now,

u/sTEL = u/s FSL + Velocity head = 110.5 + 0.028 = 110.528 m
R.L. of crest = u/sTEL — H = 110,528 — 0.92 = 109.608
Height of crest above u/s floor = 109.608 — u/s Bed level
= 109.608 - (110.5 - 1.5)
= 0,608 m
Shape of crest
B, =055/d
d = Height of crest above d/s bed = 109.608 — 108 = 1.608
B, = 0.55V1.608 = 0.7 m < 0.80 m (O.K.)

Thickness at base = = f d_(092- sz) +1.608

= 1.25 keep 1.3m
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e

y/scurtaln wall
Depth of curtain wall = -3“ —3- =05m

provide 0.4 X 0.8 m deep curtain wall on u/s. [0.5 + 0.3 = 08 m|

Clstern

1
Depth of cistern (X) =%|H X H J3 [H; = 1105=1095 = 1 m|

1 I
= 70092 x1]3
= 0.236 Provide 0.25 m depth
R.L. of cistern = 108.0 — 0.25 = 107.75m
Length of cistern = 5/H - H; = 5V0.92x1=48m

impervious floor
Maximum static head = R.L. of crest —d/s bed level

= 109.608 — 108.0
Hs = 1.608
Total floor length required = C+ Hg =7 X 1.608 = 11.256 m
Provide 12 m length impervious floor,
Minimum d/s floor length required = 2(Water depth + 1.2) + 1
=2(15+12)+1
= 6.4 (say 6.5m)

109.608

ceean

! e 0RO
. 107.75
' e |
55 | 65

l‘lgure 729

'y

Maximum unbalanced uplift at d/s toe of crest =025+ lTl;-‘ X 0.5

1608
VB

=025+ X 65

=112l m

Thickness required = cllzr %—% =091 m

{ ovide 0.8 m thick concrete with 20 cm thick brick layer

1.608

At3 m from the toe of crest = 0.25 + -5 X (65-3)=072m

Thickness required = m = (.58 m

Mrovide 0 5 y m thick concrete with 0.2 m thick brick layer
5m from the toe of crest = (.25 + -I-%EX (6.5-5)
= (045 m
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Thickness required = % =036m
Provide 03 m thick concrete with 20 cm thick brick layer and a noming|
thickness of 0.3 m concrete on u/s.
d/s curtain wall
Depthof wall = 2 = 12 = 075 m
d/s cutoff wall
Depth of wall = —f+06—l§+06—135m

Provide 0.4 x 1.35 m deep cut off wall over 0.3 m cement concrete on the d/s
end of floor.

d/s pitching
Total length of d/s pitching = 13.5 + 2 x Hy, [forH=09)
=135+2
=15.5m
Provide pitching at slope 1 : 10.
PROBLEM 2

Design crest, length and thicdmess of impervious floor of a vertical drop
structure for the data given below.

Discharge = 1.8 m®/sec. Bedlevel u/s = 205.05m

Side slope of channel = 1:1 Bed level d/s = 204.35m

FSLu/s = 205.95m Bed widthu/sandd/s=1.5m

Bligh's coefficient (C) = 6.0 Specific gravity of masonry drop = 2.2
Top width of crest = 0.8 (for initial assumption)

Ci=0415 = 48
Solution:

Length of crest = d/s bed width=1.5m
Since, Q < 14 cumecs, rectangular crest is provided.

Using discharge formula; we have, 1

1
Q=184 -L-H.%(BH-.)8

Let assume 0.8 m.

1
18=184x15X H%(g—’g)‘

5
or, H3=0.628

"3
or, H = (0.628)5 = 0.756 m; say 0.76 m

. Discharge 1.8
Velocity of approach Va) = ‘ Areag ) -? Yy ~ (L5 +09)09

(y = FSLu/s — Bed level u/s)

V, = 0.834 m/sec.
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A
V2
Velocity head (Hy) =5 Yo - 0%3;; =0.035m
RL.of TEL = FSLu/s + Velocity head = 205.95 + 0.035 = 205.99 m
R.L.of crest = 205.99 — 0.76 = 205.23 m
Height of crest above bed = 205.23 ~ 205.05 = 0.18 m
shﬂPe of crest

=055vd
d Height of crest above d /s Ecd "205:23 — 20435 = 0.88 m

B, = 0.55v0.88 = 0.52 < 0.8 (O.K.)

Thickness at base = h -; d_(0.76 — 0.(:)225) +0.88 _ 081 m

1t pmvide 1 m. .

Upsh'eam curtain wall = 3 = 932 =03m

povide 04 0.5 m deep curtain wall on u/s.

f B L d
Clstern ' [
1 21 2
Depth of cistern (X) = 7z HxH]]= 1[0.76 x H 3
d/sFSL = d/sBed level + Water depth
. =204.35+09
' =20525m
a, H =u/sFSL—d/s FSL d
o, Hy=205.95-—205.25=0.7m

00 =11076 % 0.7)% = 0.164 use 02m
RL. of crest = 204.35 — 0.2 = 20415 m
Length of cistern = 5,/H - Hy = 3.65 m, Say 3.7 m
Provide 3.7 m long cistern at 204.15 m R.L.
mpervious floor )
Maximum static head = Crest level — d/s bed level
o, Hg=205.23 —204.35=0.88m
Total length of floor required = C- HS =6x088=528m
letprovide 6.0 m impervious floor.
Minimum d/s floor length required = 2 [Water depth + 1.2] + He
=2(09+12)+07

3 //]"['I'Hm;] [T
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Provide 4.9 m d/s floor and the remaining 1.1 on u/s.
Maximum unbalanced uplift at d/s toe of crest = 0.2 + L—"S x49

= 0.88
02+W 49
=092m

ﬂuclmesmqmmd-gﬂ 2%2— 0—922-076m

" Provide 0.6 m thick concrete with 20 cm thick brick layer.
At3 m from toe of crest at d /s side = 0.2+ 252 x (4.9~ 3) = 048 m
Thickness required = 55 = 0.4 m

Provide 0.3 m concrete with 20 cm thick brick layer and a nominal thickness
of 0.3 m concrete at u/s side.

PROBLEM 3 - )
A diversion weir with a vertical drop to be designed for an irrigation

Design flood = 560 m®/sec.

Natural width of the source river = 200 m

Bed material = coarse sand

Bligh's C = 12

Lacey'sf=1.2 -

Height of weir above low water = 3.0 m

Top width of crest = 2.0

Fix the length of floor and depth of cutoffs using suitable seepage theory.
Compute the thidmess of the floor at key points. Make suitable

H o, provide u/s cut off sheet pile of depth = %1 +0.6
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Top width (B) =2 m (given)
B>H

joce, O assumption of broad crested weir is correct.
Head over the weir crest = 1.4 m

u/s HFL (assuming d/s bed level as 160 mm) = 100+ 3 + 1.4
=144 m
1
' (ﬁ)* ]
Lacey's regime scour depth (R) = 1.353 (Sf—) =135 12
1
=1.35 x (6533)
=252m

Depth of u/s sheet pile below u/s HFL=15R =15x252=378m
R.L of bottom u/s pile = 104.4 — 3.78 = 100.62 m

Depth of u/s street pile = 100 — 100.62 = —0.62 m (which is negative)

[ 1044—100]
=44m

assumptions if necessary. Draw neat sketches of designed weir.

Solution: - - °

Total head loss (H;) = Height of weir above low water = 3 m

Total length of creep required including creep along cut off (L) = CH_
=12x3
=36m

Total length of d/s floor (L) = 2.21C [Tk = 1452 m
For head over the weir with high flood discharge is passing.
Q=ClL—01nH]

Let assume broad crested weir with hjgh flood, C=1.7 and L» H so
neglecting 0.1nH.

3
Q=17LH?

et

or, 560=1.7x200xH2

3
or, HI=1647
or, H=134=14m

Gree, d/s HFL is not known, provide gimilar cut off of 2.1 m below werr

1 toor.

H + Heightof weir _14+3 _ . 372
G-1 s -
Totalcxeeplength 2x21+372+1452+2%x21 =
Balance length = 36 — 26.64 = 9.36 m
Sy 10 m is provided on u/s floor.
Total creep length = 26.64 + 10 = 36.64 m
Now,

Ltly= 18(:} % 18 % 12 {35 75

L, =1452

l,=2286—1452=834=9m
Hence, provide 1 m thick d/s loose talus of 9 m in length and same as inu/s
o ie, Ly = Ly)
HG.line is plotted as shown in the figure.

1044 m N

Bottom width of weir =
26.64 m

=2286m

100 m
Jtl tm
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T~
Max. ordinate of H.G. line at toe of weir (h) = 363_64 X (21%2+145)
=153 m
Thickness of d/s floor at this point (t) = 1.33 x rh-
=13x33
1 33 is factor of safety
andG=24m
=1455=15m

Thickness requu'ed at half way of d/s floor length (t) = 155 33h

[n=
133h _ 1.33 x 0.94
t==7=""14 =09m (Say 1 m)

Further ‘provide a nominal thickness of 0.8 m below the u/s floor and 1 m
below weir wall.

\NOTER

3664"(21"“726) O%m}
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R,
g of ch = Discharge
velocity of approach = —=-=
1.5
m——g [Let, side slope = 1:1]
=0.99 m/sec.
_ (099 99)* -
Velocity head = 2g o6y = 005m

RL of TEL = 106.0 + 0.05 = 106.05 m
Rofcrest=RL of TEL—H = 106.05-0.78 = 10527 m
Height of crest above u/s bed = 105.27 — 1052 = 0.07 m
of crest
w;=055\/5
d = Height of crest above d/s bed = 10527 - 1042 = 1.07 m
B,=055v1.07 = 0.57 m
12 provide B; = 0.6 m

In other problem of simple vertical drop, FOS is not used because there we did not
count creep length due fo cut off or curtain wall.

PROBLEM 4

Design a vertical drop for the data given below.

Fall supply discharge u/s and d/s = 1.5 m®/sec.

Drop height =1.0m

FSLu/sand d/s = 106.0 m and 105.0 m respectively
Full supply depthu/sandd/s = 0.8 m

Bed level of u/s and d/s = 105.2 and 104.2 respectively
Bedwidthu/sandd/s=1.1m

[2070 Magh)

Top width of crest = 0.50 m
Solution:
Length of crest = d/sbed width =1.1m
Crest level
Q < 14 m/sec.
So, a rectangular crest is provided.
Using discharge formula; we have,

1
Q=181 -L-Hi(g)
1
or, 15=184x11xH (L)

5
or, H3=066

h+d
Thickness at base = ==

_(H — Velocity head) +d _ (0.78 - 0.05) + 1.07
3 2 = 2

= 0.9 m; Provide 1.0 m

1 2 1 2
=-4—[H><HLF=I[O.78XIIS
=0.218; Say 022 m
RL of cistern =1042 — X = 1042 - 022

Depth of cistern (X)

=103.98; Say 442 m
Length of cistern = 5/H-Hy =5/078 x 1
= 4416 m;Say 442 m
Acstern of 442 m at R L. of 103.98 is provided.
mpervious floor '

Maximum static head (Hs) = R.L. of crest — d/sbed level
=10527 - 104.2
=1.07m

Total length of floor required = C-Hg = 6 X 1.07

=642m[Let, C=06]
l47m be provided.

Min. length of impervious floor at d/s = 2[Water depth + 1.2] + Hy
=2(08+12)+1
=5m

]
or, H=(066)5=078m
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Remaining 2 m is provided at u/s. '

Figure 7.32

Uplift at toe of crest = 0.2+ 1 x5 = 0.985 m

. . 0985 _ 0985 _
Thickness required = =—7 = 737 = 08m

Provide 0.6 m thick concrete with 20 cm thick brick layer.
At3 m from the toe of crest uplift = 022+ 157 x (5 - 3) = 0525 m

mch&remﬁred=%2f-=0.43m

Provide 0.4 thick concrete with 20 cm thick brick layer.
A nominal thickness of 0.3 m thick concrete is provided at u/s side.
d/s curtain wall -

038
Depfh:y-fz—f=ﬂ,4
Provide 0.4 x 0.7 m deep curtain wall.
d/s cut off wall - cLF

Depth=2£+06=04+06=1m
Provide 0.4 x 1 m cut off wall over 0.3 m concrete.

Length pitching =94 2H; =9+2=11m
Provided at slope of 1 : 10 slope.

PROBLEM 5

, v

Design the crest cistern of drop styucture (Sarda type) for a discharge of 9
cumecs and drop height of 1.2 m: FSL u/s and d/s = 105.7 and 104.5 m; bed
level u/s and d/s = 104.2 and 103 m; bed width u/s d/s = 8 m; side slope of
channel =1:1 ? [2071 Bhadra T.U.]
Solution:
Given that;
Length of crest = d/s bed width =8 m

Crest level ;

- Q< 14m sec
Hence, a rectangular crest is provided.
Using discharge formula; we have,
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1
Q=1484L'H;(E)6

=08m
By .

. 9-_-184x8-H;(0}%);

5
. H=059
 H=078m=073m
o,

Discharge .
Velocity of approach (V) = St SN 2

Area - BFi3713 =063 m/=
[ Depth of water = 105.7 - 1042 =1.5m)]
2 2
Vdodtylm’d=¥f;=—(%f2)2 =002m
RLof TELonu/s = R.L. of u/s FSL + Velocity head
=105.7+0.02
=10572m
RLofcaest=RL.of TEL-H=105.72—-072=15m
RL of crest above u/sbed =105 - 1042 =08 m

#ape of crest
e,
B,=055Vd
viere, d is the height of crest above d/sbed =105 - 103 =2

|- B=055V2=078m < 08 m (OK)

Zwide 0.8 m wide crest on top with 0.2 m thick cement concr=ie.

Cdem ,
Depmofcistem()()=%[H-Hd§=%[0.73x1_2}§=02m
Flofcistem=RL. ofd/sbed-X=103-02=1028m
Lengthof cistern = 5/H-H; =5V073 x12=468m

'22m of 4.7 m length at RL. of 1028 is provided.

WREM 6 '

7d the thickness of downstream impervious floor for a fall haring
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—

u/s _1.50m
f) Fall supply depth g7, = 150

g) Bligh's creep coefficient =
Solution:

Here,
Length of crest = d /s bed mdth 9m

Crest level
Q<14 m’/sec.

Hence, a rectangular crest is provided.
Using discharge formula; we have,
1
3 /H\é
Q=184L-H: () )
Let, B,=08m » }‘r

or, 10=184x9x Hg(%)‘

5 el
or, H3=0582 Cw
-~ H=072m
Now,

Veloutyofappmach(v,) -—E m = 0.635 m/sec.

*
Velocity head = %= QL) —002m
RL of TELonu/s = RL. of u/s FSL + Velocity head
: =2015+0.02 =201.52 m
RL ofcrest =RL of TELonu/s—
=20152-072 .
=2008m ¥
Height of crest above u/s bed = 200.8 — 200 = 0.8 m
al - 'y ™
C 2 2
Depthofdstanm=%[H-'Hu!=}{o.nx125]3=0234m
RL. of cistern = R L. of d /s bed — X = 198.75 — 0.234 = 198.516 m
Length of cistern = 5/H-H, =5/0.72 x 1.25 = 4.75m
Provide 5 m length cistern at R.L. 1985161:1.
impervious floor - f :
Maximum static head (Hg) = R.Lo{cnst—d/sbedlevel
= 20080 —198.75 = 2.05m
Total length of floor required = C-Hg = 8 x 2.05 = 164 m
" Let, 17 mlong is provided. '

el
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;nmm 205 m
%// 0Bm /—'; e
— |
P——___ 9m ’, Am !

Figure 7.33
Min. length of impervious floor at d/s = 2(Water depth +1.2) + H;
=2(15+12)+125
=6.65m
vaxdeBmmd/sandremaxmng(W 8=9)onu/s.
Uphﬂattoeofcrat—0234+£7-x8 12m

[Assuming side slope of 1:1]

IODR—

3 - 132 _ 132 _
mm&smuned:c—_—i—m—o.g]m

#ovide 0.9 m thick concrete over 20 cm thick brick layer.

Upliftat 3 m from the toe of crest = 0234 + 3 x (8—3) =084 m

Thickness required =ﬁ3=0.68m
' amaeoemnﬁckcmuetewimzombﬁcklayex
UphftatSmﬁ'omtoeofa'st 0.254+ x(8

Thickness required = ]_24-048111
Fovide nominal thickness of 0.5 m over 02 m thick brick layer from that
et
fROBLEM 7
_ hngnni.SmSanhtypeofhﬂforannalhvmgaMugeucmc
| vith the following data:
Yedlevel u/s = 103.0
ldlevel d/s = 101.5m
fde slope of the channel = 1:1
Ble/s=104.5m
ldwidth u/s and d/s =
Hpodlom
hulhghsandﬁdent(c) 6
S:lation:
Her,

Length of crest = d/s bed width = 10m

Crstlevel
Q <14 cumecs
. rectangular crest is provided.

5)=06m

10m
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Using discharge formula; we have,
co1

Q=184L-H(g)’

Let, B,=08m
. H %
or, 12=184x10-H(gg)
5
or, H3=0.623 _
H=075m=0.76 m
Now,
. Discharge 12 _
Velocity of approach (V,) = Areag S0+ 1I5xX15 " 0.696 m/sec.
A = (0'696)2 =0.025m

Velocity head = %~ 1962

u/s TEL = R.L. of u/s FSL + Velocity head = 104.5 + 0.025
=104.525m

RL. of crest = RL. of TEL on u/s — H = 104.525 — 0.755 = 103.77 m

Height of crest above u/s floor = 103.77 — 103 = 0.77 m

Shape of the crest

Here, ‘
dis the height of crestabove d/sbed =103.77 —101.5=227m
Width of crest (B,)= 0.55Vd = 0.55v2.27 = 0.825 m

Keep 0.85 m width of crest.

Thickness at base = h+d _ (0.755+ 0.(;:025) +227 _ 15

5 m

Rémulnlng part of design
Refer to the solution of example 7.4

PROBLEM 8

Explain the working principle of non-modular and semi modular outlet. [
What are the requirements of good module? [2072 Ashwin]

Solution: See the definition part 7.4
PROBLEM ¢

Design the crest and cistern of a vertical drop structure for data given
below.

Discharge = 4.5 cumec

Bed level u/s = 105.00

Side slope of channel =1:1

Bedlevelatd/s =103.5

FSLatu/s = 106.5

Bed widthu/sandd/s = 3.0 m .
Top width of crest = 0,75 m (For initial assumption)
C; =041

[2072 Ashwis]

-
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e

ution:
" Length of crest = d/s bed width=3m =L

cestlevel
(<14 cumecs, so a rectangular crest is provided using discharge formula
1

0= CaZ5Lt ()
1

. Q=041y7gLH? ()

: 1
3 (Hy®
¢ Q=182LH? (B'.)
B, = 0.75 for initial assumption
: 1
: 3
o 45=182x3 x H? x (gy5)
5
v, HI=0.786
¢, H=865m
| Now, depth of water is u/s = FSLin u/s — u/s bed level = 106.5 - 105
=15m

| Dueto eqﬁal width depth of water at d/s is also 1.5 m.

FSLof d/s =d/s bed level +1.5=1035+15=105m

Velocity of approach (V,) = %ﬁ = (5-4-;‘%)7: = 0.667 m/sex.

Va _ (0667)°

Velocity head = g %~ =0027m

Now, :
u/s TEL = u/sFSL + Velocity head
=106.5 + 0.0227
=106.5263 m
RL. of the crest = u/s TEL — H = 106.523 — 0.865 = 105.658 m
Height of the crest above u/s floor = 105.658 — u/s bed level
= 105.658 - 105
=0.658 m

ihape of the crest
B=055vd
d = Height of crest above d/s bed = 105.658 — 103.5 = 2188 m

B, = 0.55Vd = 0.55v2.158 = 0.808 m > 0.75 m

9 lake, B, = 0.81 m

Thickness at base =
_ 0.865 — 0.227 + 2.158
= ]

h+d _ (0865 — Hy) +2.158
G - b1

T=15m
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~

Cistern )
Depth of cistern (X) = § [H X HyJf
where, Hy = [u/s FSL - d/s FSL] = 1065 - 105 = 1.5 m

X = 1[0865 X 151t = 0298 m =03 m

Provide 0.3 m depth cistern.
R.L. of cistern = d/s bed level = X = 103.5 - 0.3 = 103.2 m
Length of cistern = 5,/H x H, = 5V0.865 X 1.5 = 5.7 m

Provide 6 m long cistern.

PROBLEM 10

Making a suitable sketch compute the water level required in the
distributary to convey a flow as 50 Ips through a 10 m long free
discharging pipe outlet (n = 0.016) of 20 cm diameter to a water course
with FSL at 100 m. [2072 Magh)
Solution:

Given that;

Discharge = 50 Ips = 0.05 m3/sec.
Length of pipe =10 m
Manning's coefficient (n) = 0.016
Diameter of pipe=20cm =02 m
FSL at water course =100 m
Now, i
R.L. of centre of pipe outlet = 100 + 0.1 = 100.01 m

Cross section area of pipe = “Dz =IxC5 ‘(102)

= 0.(B1416 m?
Using Manning's formula
21
Q=1imsa

2
1
o, 0.05= e X 3’ xz2 x 0031416

or, 91=0.187

or, S=00352
Head required =S X Length of pipe

=0035%10=035m

R.L. of PSL at distributary = 200.1 + 0.35 = 20045 m
P51 of distributary

FSL. of waler course

| T g

. Jisa o0

Chapter 7: Ragulating Structures | _ 301

ngMEM 11

mg—l—deﬂnltlon sketch, design a vertical drop in 10 m wide canal (side
‘M‘i 1) discharging a flow as 20 m?/s. The canal bed level u/s and d/s
} 102 m and 100 m respectively, whereas the FSL u/s and d/s is 105 m
i"m)s m respectively. Determine design crest level, Iength of cistern and

W ﬂM’f length using Bligh's safe hydraulic gradient al [2072 Magh]

{ Given lhat;

Width of canal = 10 m
Sideslope=1:1
Discharge = 20 m?/sec.

u/sand d/s bed levels = 102 m and 100 m

u/sand d/s FSL = 105 m and 103 m

Now,
Length of crest = Width of canal = 10 m

(restlevel
Atrapezoidal crest is provided since discharge is > 14 cumec.

sing dxscharge formula;

1
3 4
Q=19LH2 (g)
Asume top width of crest (By) = 1m

1
A 20=199x10x H% (%)3

5 -

20
’ H= 199 %10 = 1.005 m
4 H=1m
Velocity of approach Vo) = stﬁ:arge = (10233)3 =051 m/s
_ (051

06 = 0.013 m

u/s TEL = u/s FSL + velocity head = 105 + 0.013 = 105.013 m
RL. of crest = u/s TEL = H =105.013 =1 = 104.013 m

Velocity head = g

| toptcrest level of 104.013 m.

| “ape of the crest

Width of the crest (B,) = 0.55VH + d
d= Height of the crest above d/s bed = 104.013 - 100 = 4013 m
b= 0.55¢T +4.013 =
pts, = 125
i,
“Matrapezoidal crest with top wigth of 1.25 gy and y/s slooe 1: 3 and d/s

vla
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Clstemn
' b oo = 1 4 fat w08 Vs Qunetlinis o hisad vaypiiesrsss wnk souen sagpionsst Gostsi via
Depth of citwern ”:’ o LLLLALD) tion o erims vugpdar oy, s
=1 ':" “4m ity Sk A, def inition gt /7
N (e e 0 nME 15
R of clatern = 1L ob d/o 0 = 1000004 =P g vertieal Arug whvushure Jur Vi hata ghrvon baiorn
Lomth of citern = 500 Hy =5/ 1# 7 =7 m sl vogly Blachiargp u/a snd A/n - | % comasa
Provide 7 m long, clatern, g bt = 0,775 m
Imporvious fioor /i and 4/ = 1 06,557 snd 1805 I8/
wypphy h nd 4/5 = 0,
Maximum statle head (11,) = L1, o cre! /v "f:" feetrl ;h‘“m://;'_ 1,0:‘»“ ’::: Tm.zu
= 104,008 - 100 =400 m ﬂ“*'/’.ﬂ“/‘ﬁ’:?”
Total length required = CEL, = B 4,017 = 52104 1 1 Wbth o cront = 0,5 Jart Suhtind mswmamghiom 2, « % A1% o yassasos

Min. length of d/n floor from toe of crest wall = 2(Water degth 4 17 1) | yut, The Beap structure is smasoanry wivh syarifio gredéy 75 dda fogn of
010, \gucnsl I8 1 21, The Bligh's contficians ss 65y for swndey awss 158 o

Y. EERVIRY podatbom, T Wags,
' =104 m ylstienr, Vrocendd same as tre skation of G, re. 7
u/n floor length = 32,104 = 104 = 21,7 m AUEI 16 '
e Juudbe brisfly the differemt types of cansl outiot. Weat is Swriolicy
T ff“z_,_n_, _ S (2474 Vaadrs’,
J ‘\ me s the definition port 74
L Phm HLEM T
oy S —
7m AV the stapwise design procedure of cross regulater and distarng
a 27m —am ol repulator with swpporting sketches. [2974 Yaadees,
PROBLEM 12 wintiom: Sar the definition port 7.3
Why drop structures are required in a canal irrigation system? Explain the ’?’JEM 12 o
types of drop structures with neat sketches. [2073 bhadn| !z/;: i?inmwwd-dmudf- trrigation projecs 275 R
Solution: See the definition part 7.2 and 7.5 - rasiom: See the definttion part 7.4
PROBLEM 13 : Vrasm19
Design ::::;.:l.th;hdu;::o'hngth and its level of a vertical drop Vs thort notes on-: Different types of fall stractzres 2077 lambais 3
structur en A T =
Full supply discharge u/s and d/s = 1.55 cumecs o Sex the defirition part 7.5
Drop height = 0.75 m Ve 20
FSLu/s and d/s = 105.997 and 105, % = -
Full supply deptk .hmddl‘-o;:::. f}“'ﬁll.S-stl-ltyyc(alltzaca-ala:z-rjngu6-:'2-1;:r:.zm-z
Bed levels u/s and d/s = 1.05.068 and 104,318 § O following givem dat: :
Bed width u/s and d/s =1.1m Ml u/s:105.00 = Bedlerel dis: 180250 =
T“P'm“““t'oosf“lﬂﬂdanmﬁuq=o.nsfmrmﬂz g'ﬁ*dd-‘:l:l PSlu/s: 106580 =
crest. The drop structure is masonry with specific gravity 2.0 side slope ;H'&idnl“/':3- Seil type : Good kea=
the canal is 1 : 1. The Bligh's coefficient as 7.0 for sandy loam e # |, Pefident : 6
foundation. (2073 Bhadra] | "¢ sy other smitable data, if needed PT s

Solution: Proceed same as the solution of Q. no. 9 “m See the defimition part 7 4
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PROBLEM 21

Design a suitable Sarada type full for a canal carrying a discharge of 13 %)
m?®/sec. with the following data:
u/s bedlevel =103 m

Side slope of canal =1.5:1 (H: V)
Bed width of canal =10 m

d/s bed level =101.5m
Full supply level u/s =104.5
Bligh's coefficient = 6

(2076 Baishatd)

i
|
i

Solution:
See the problem 7 of this chapter and use side slope of channel 15.1 instes
of1:1

PROBLEM 22

Design a canal head regulator for the data given below. 1
Crest level of under sluice = 300 m Pond level =304 m |
Silt factor (f) =1 w/s HFL=307m L

Full supply discharge = 200 m*/sec. Fall supply level =303 m
Bed level of canal = 299.50 m

A silt excluder is provided in the under sluice; take Gz = 6 [2076 Bmlnh]

Solution:
Here; :
Depth of water in canal = F.S.L. of canal - Bed level of canal
=303-2995=35m
As silt excluder is provided crest level of distributor head regulator is kept 1
m higher than crest level of under sluice.
Crest level =300 + 1 =301 m

According to Lacey's theory; we have,

1 1
N &°_(_W°
V—(M‘;) =\"120 ) =1.06 m/sec.
Q=BxVXy
po_200
or, B=1p6x35 >384m

Here for [Lacey's theory clear water way = 53.84 m]
For water way; -

Q=B\h [1.69 h +3.54 hy]

Here;
h =FS.L. of parent or pond level channel - F.5.L. of distributory
=304 -303
=1m

= FS.L. of distributor crest level

200 = B+[1[1.69 +3.54 x 2]
200 = B x 8.77

=303-301=2m
or,
or,
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T
B= 21.8 m
is very small comparison to normal bed width of distributory 54 m.
m:e prowde 10 bays of 3 m each with 1 m thick pier in between.
’ overall water way provided =30+ 9=39m

o WING wall shall be in proper divergence so as to provide the normal
jmofchanne]

o the question,
Hi=Pond level -d/s FS.L.=304-303=1m
Depth of water in canal = y,=3.5m

J

Atpre-jump =y,
'\'el\a\'e’
" (Y1 Y1)3
L= 4Y b
1_(35")'1)3
1 17 4y, x35
x B5-y) -14y,=
| | siving the question; we have,
_v1=1.05m
Length of cistern required =5 (y,-y,) =5(35-1.05)
1
=12.25 m (subjected to3 of £b.)
RLofcistern=d/s FSL. - E, =303 -E;, =303-355=299.55m
l#5keep 299.5 m.
”
Con L @osy
Efz-)z+2g—35+ 2g =355

u/s vertical cut off=’¥3—+ 0-6=%+ 06=26m

._

d/sxerhmlcutoff— +06 T+06 235m

"ol foor length from exit gradient considerations

Maximum static lead =u/s HF.L.-295=75m

2 keep depth of d/s cut off 4 m considering exit gradient because of high
¢ head. -

F‘-'.lm
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or, A=128

. L+ +
Sinee, 1= LV A
gl

or, 5

'

or, =26
so, b=axd=246x4=984m
Provide b =100 m

2
Minimum length of d/s floor = 3 100 = 67 m > 1225 m (ok)

301.00 m

300.00 m

E G
26m D, 299.50 m
G
im
D,
e 3B m t 67 m —
Calculation of uplift pressure
i) u/s cut off

b=100m

d=26m

1 d

o-p - 002

From Khosla pressure curves;

¢E1=100%, ¢p=10%, OE =17%

¢D1=100 - ¢p=100-10 = 90%

¢6C1 =100 - ¢s=100-17 = 83%

Assuming u/s floor thickness = 0.5 m
. - 90-83
Correction of ¢C; due to floor thickness ==75¢— x05
=1.34% (+ve)

¢C; corrected = 83 +1.34 = 84.34%
Here, correction due to d/s pile is neglected.

i)  d/s cut off

b=100,d=4m
1 4
o106 = 004

From Khosla's pressure curves.
OE>2=¢p=18%
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0D dpy = 12%,
¢Ca= 0
Assuming d/s floor thickness near cut off = 0.8

. 18 - 12
Correction to F; due to floor thickness = ramty 08 =1.2% (-ve)

Neglecting correction due to u/s pile interference; we have,
¢E2 corrected = 18 - 1.2 = 16.8%
For floor thickness;

843 - 16.8
{843 - 168) x 67 =62%

% of pressure at toe of glacis = 16.8 + 100
Maximum unbalanced head due to static head =75 x 62%
=465m
. 4.65
Floor thickness required =177 =375 m

At 20 m beyond toe of d/s glacis
(84.3 - 16.8)
x 47 = 48.52%

% of pressure =16.8 + 5~
Maximum unbalanced head = 7.5 x 48.52% =3.64 m

3.64
Thickness required =757=2.93 m

Similarly, at 40 m beyond toe of d/s glacis
% of pressure = (16.8 + 0.675 x 27) =35.025%
Unbalanced head = 7.5 x 35.02% = 2.62 m

Thickness required = % =2.11 m, provide up to end.

For u/s floor provide nominal thickness of 0.5 m and extend it under the
crest and join it to bottom of d/s glacis.

PROBLEM 23
‘Dulgn crest, length and thickmess of impervious floor of a vertical drop |

itructure for the following data. :
Discharge = 2.1 m*/sec. Side slope of canal =1:1 i
[
i

iFSl.U/S =276.10m
{Top width of crest = 0.55 m (for initial assumption)

Specific gravity of masonry drop structure = 2.25
Bedlevel u/s = 275.15 m Bed level d/s =274.45m

Bedwidth w/sandd/s=1.5m For rectangular crest Cy = 0.415
“i"gh'l coefficient = 0.6 [2076 Bhadra] |

Solution: Proceed same as the solution of Q. no. 2

ROBLEM 24

——

@elupe structures with net sketches. [2076 Bhadra] 1
Yolution; See the last portion of the definition part of 7.3
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1 OBJECTIVE QUESTION
BLEM 25 ‘ '
PRO . , Canal drops are required to............
Design crest, length and thickness of impervious floor of a m a)  dissipate excess energy b)  dissipate inadequate landscape
structure for the following data: ¢) dissipate excess land slope d)  none of the above
3 . .
Discharge = 5.2 m"/sec ; The depth discharge relationship of the upstream canal remains practically
Bed level w/s = 205.15 m unaffected by the introduction of a fall of the type.............
Side slope of the channel =1:1 a) Ogeefall b)  Sarda type vertical fall
- |Bed level d/s = 204.45 m ¢ Trapezoidal notch fall d) noneof the above
E.S.L.u/s = 206.10 m 3 The type of fall, which you may recommend for very high drops and vary low
Bedlevelu/sandd/s=1.5m " discharge is ............
Top width of crest = 0.55 m (for initial assumption) a) Sarda type fall b)  Siphon well drop
Ca=0.415 ¢  Straight glacis fall d) Inglisfall
Specific E"““:Y of masonry drop structure = 2.25 4 Canal fall, involving parabolic glacis is called.............
Bligh's coefficient = 6.0 [2077 Chaitra] a) Straight glacis fall b)  Glacis fall
Solution: Proceed same as the solution of Q. no. 2 ¢ Inglis fall d)  Montague fall
PROBLEM 24 ‘ 5. Energy dissipation in a sarda type fall is caused by ............
: : 5 romere a)  hydraulic jump b)  friction blocks
What do you understand by head regulator? State functions ;f] ;;tletl and o waterpool d)  bafflewall
ucap-e straciwes in l.njngatmu canal L Gmml ¢ The best energy dissipation on the down-stream side of a canal drop, is caused
Solution: See the definition part 7.2 P
PROBLEM 27 a) ° Sarda type fall b)  Glasis fall
¢) Ogeefall d) = Montague fall

Design a cross regulator and head regulator for a channel which takes off .
e 7. Thelength of the water cistern to the provided in sarda fype fallis .

from the parent channel with following data.
i Discharge of parent channel = 125 cumecs a) 5(}'2 - yl) b) 5/HxH;
e . - - 2 3
ii) Ducharg.e of dlstnbutrn;" cha==~1= 20 cuamecs ) % (H x H,)3 & 184H
. s 120m
iif)  FSLof parent channelaz: 1197 m i The canal regulator, which is constructed at a diversion head works, s 224 2
ws 50m AR I Jp— . o cow
iv) Bed width of parent cha_,melal—; =25 a)  cross regulator b) dl.stnmfta_", head regularor
¢) canal module d) nonecf the above
v) Depth of water in the parent cha.nnel%//: = ;_m 3 The gated regulator, which is constructed in the parent canal near the =22 of
. e an off taking canal is called ........... _
vi) - E.S5.L.of distributary =119 m a)  canal head regulator b)  distributary head regulator
vii) Bed width of distributary = 20 m . ) aoss regulator d) none of the above
viii) Full supply depth of distributary = 1.8 m 10 The arrangement made in canal network, which acts as safety valve s ..
ix)  Siltfactor=0.8 a) cattle crossing b)  canal crossing
1 ishakb] ¢ canal escape d) canal module
x) Assuing safo exit gradient =6 12878 Bets Il The arrangement provided in a canal to help the cartle safely cross the canal is
Solution: . called & ..vevenences ] bt
Proceed same as solution of the "crest, length and thickness of impervioss a)  canal laddef :;n 5 T“ﬁ’-
floor part” of example 7.1 § 9 cattlecrossing 4 altesn
' 2 Canal outlets are also called ..ocevvee

b)  canal modules

1)  canal escapes
d)  canal opening

)  canal offtakes
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T
13. The type of irrigation module, which makes equitable distribution of v,
more difficalt is a ceernnen. .
2 non-modular outlet b)  semi-modular
¢ rigid module d)  none of the above

14. Agood irrigation module is the one, which .....eee..
a)  drows heavy silt from the canal
b)  drows clear water from the canal
¢  drows fair share of silt from the canal
d)  none of above
15. If the rate of change of discharge from an irrigation outlet is equal to the rate
of change of discharge in distributary, then the outlet is called .......... .
a) flexible b)  proportional
¢  sensitive d)  sensitivity is zero
16. The rate of change of discharge through an irrigation outlet becomes equal to
the rate of change of water depth in the channel, whenit is ............
a) flexbility1 b)  sensitivity 1
¢ settingl d) sensitivity zero

17. If the sensitivity of an irrigation module is %. then 50% variation in canal water
depth will cause X% variation in outlet discharge, where Xis ...........
a)  100% b) S0%
9 25% d 125%
18. A fully modular canal outlet has its ....ovvvee
a)  sensitivity = 1, and flexibility =1
b)  sensitivity =1, and flexibility = 0
¢)  sensitivity =0, and flexibility =1
d)  sensitivity = 0, and flexibility =0

19. Anirmigation outlet is said to be proportional, when it's ............
a)  sensitivity=1 b) flexibility=1
¢ setting=1 d) allof above
20. Freepipeoutletisa ...
a) rigid module b) flexible outlet
©)  non-modular module d) allofabove
Answer sheet
2 3 4 5 6 7 8 9 10
b b d d b d < G
11 12 13 14 15 16 17 18 19 20
c b a b b c d b b
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CHAPTER 8
CROSS DRAINAGE STRUCTURE

LA R 2 3

i1 Types{drawing and selection) n

 Design of siphon aqueduct (detail drawing, drainage
waterway and barrel, canal waterway and transition,
length and thickness of impervious floor and thickness

of impervious floor and protection works) 315
—

LA R 2

| TYPES (DRAWING AND SELECTION)

\mss drainage structure is a structure which is constructed at the crossing
{1 anal and natural drain, so as dispose of drainage water without
svmupting the continuous canal supplies. Cross drainage structure may be

tillowing three types.

Ines of cross drainage works
! Inmigation canal passes over the drainage
a)  Aqueduct

b) Siphonaqueduct

| Droinage passes over the imigation canal
a)  Super passage
b) Siphon super passage (canal siphon)
! Drainage and canal intersection each other of the same level

a)  Level grossing

b) Inlet and outlet
Yietion of type of cross—drainage works
fowever, in actual field, ideal conditions may not be available and the choice
"% then depend upon the many factors, such as;

Relative bed levels

Availability of suitable foundation

Eoonomical consideration
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a Discharge of the drainage

o Construction problems

O Suitable canal alignment

The following considerations are more important.

O  When the bed level of the canal is much above the HEL of
drainage, an aqueduct is the obvious choice. (Figure 8.1)

u} When the bed level of the drain is well above F.S.L. of canal, super
passage is provided. (Figure 8.3)

O  The necessary headway between the canal bed level and the drainage
H.F.L. can be increased by shifting the crossing to the downstream of
drainage. If, however, it is not possible to change canal alignment, 5
siphon aqueduct may be provided. (Figure 8.2)

n] When canal bed level is much lower, but F.S.L. of canal is higher than
bed level of drainage, canal siphon or siphon super-passage is
preferred. (Figure 8.4)

o When drainage and canal cross each other practically at same level,a

: level crossing may be preferred (Figure 8.5). This type of work is
. avoided as far as possible.

o Suitable canal alignment

() Position of water table and availability of dewatering equipment

)} For passing the canal over the drainage

In case of the siphon Aqueduct, Inspection road
the HFL. of the drain‘is much ;¢\ [elee]]
- higher above the canal bed, and VvV | [V
water runs under siphonic
action through aqueduct barrel. - el
The drain bed is generally pee—xl|
depressed and provided with
; ut-off
pucca floors, on the upsiream  yajl C‘;]";:'e
side, the drainage bed may be Figare 8.2 Siphon aqueduc

-~

a) Aqueduct

When the HEL. of the drain is
sufficiently below the bottom of .
the canal such that the drainage

water flows freely under gravity,
the structure is known as
aqueduct. In this, canal water is
carried across drainage in a
trough supported on piers. This
is the ridge carrying water.
Provided when sufficient level difference is available between the
canal and natural and canal bed is sufficiently higher than HF.L.

b) Siphon aqueduct

Figure 8.1: Aqueduct

joined to ‘the pucca floor either
by a vertical drop or by glacis of 3 : 1.
The downstream rising slope should not be steeper than5:1.
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When the canal is passed over the drain, the canal remains open for
inspection throughout and the damage caused by flood 15 rare
However, during heavy floods, the foundations are susceptible to
scour or the waterway of drain may get choked due to debris, tress etc.
For passing the canal below the drainage

a) Super passage

The hydraulic structure in which the drainage is passing over the
irrigation canal is known as super passage. This structure i5 suitable
when the bed level of drainage is above the flood surface level of the
canal. The water of the canal passes clearly below the drainage

Bank of

Figure 8.3: Super passage

b) Canalsiphon

If two canals cross each other and one of the canals are siphoned und
the other, then the hydraulic structure at crossing is called “canal
siphon". In case of siphon the F.S.L. of the canal is much above the bed
level of the drainage trough, so that canal runs under siphenic aczon

For passing drain through the canal

a) Llevel crossing

The level = crossing is an
arrangement  provided  to
regulate the flow of water

through the drainage and the
canal when they cross each other
approximately at the same ‘bed
level. The level crossing consists
of the following components.

Crest wall
Itis provided across the drainage just at upstream side of the crossing
point. The top level of crest wall is kept at full supply level of the canal

Figure §.5: Level qrossing

Drainage regulator
It is provided across the drainage just at downstream side of crossing
point. The regulator consists of adjustable shutters at different tiers.

Canal regulator

[t is provided across the canal just at the downstream side of the
crossing point. This regulator also consists of adjustable shutters at
different tiers.
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b) Inlet and outlet

In the crossing of small Canal
drainage with small channel no
hydraulic structure is &% —

constructed. Simple openings Stream
are provided for the flow of
water in their respective
directions. This arrangement is
known as inlet and outlet.

In this system, an inlet is
provided in the channel bank
simply by open cut and the drainage water is allowed to join the
channel. At the points of inlet and outlet, the bed and banks of the
drainage are protected by stone pitching.

Figure 8.6: Inlet and outlet

Types of aqueducts and siphon-aqueducts

Depending upon the nature of the sides of the aqueduct or siphon aqueduct jt
may be classified under three headings.

Typel

Sides of the aqueduct in earthen banks with complete earthen slopes. The
length of culvert should be sufficient to accommodate both, water section of
canal, as well as earthen banks of canal with aqueduct slope.

—'-Dminag:

EIPRLT 224 |

j¢————————— Width of aqueduct or culvert length———————————»|
Figure 8.7: Aqueduct I

Typelll

Sides of the aqueduct in earthen banks, with other slopes supported by

masonry wall In this case, canal continues in its earthen section over the

drainage but the outer slopes of the canal banks are replaced by retaining

wall, reducing the length of drainage culvert.
[/

Drainage width of aquedudt ===
or culvert length

Figure 8.8: Aqueduct Il

da e

Chapler 8: Cron Drainage Sirudure | _ 315

A

1
i of the aqueduct made of concrete or masonry. Its earthen section of the
pr is discxfnﬁnued and canal waler is carried in mawmry or concrete
ﬂjg’,, canal is generally flumed in this section.
| Irspection road

7

FITIIIIISS 7/

HF.L

 rereree, T

¢ Width of aqued uct
or culvert length
Figure 8.9: Aqueduct I

abilty
 1ype | aqueduct or siphon will be economical only when length of 2queduct

xsmall where cost of bank connections would be large in comparison to the

grings obtained from the reduction in width of aqueduct.

b type I the width of the aqueduct is minimum but the cost of bank

gmections is maximum. This type is, therefore, suitable where the length of

sueduct is very large and where the cost of bank connection would be small

a comparison to the saving obtained from the reduction in width of the

sueduct.

%, y in very small drain type I is most economical and in very large

dain type II is most economical.

12 DESIGN OF SIPHON AQUEDUCT [DETAIL DRAWING. DRAINAGE
WATERWAY AND BARREL CANAL WATERWAY AND TRANSITION,
LENGTH AND THICKNESS OF IMPERVIOUS HOO0R AMD
THICKNESS OF IMPERVIOUS FLOOR AND PROTECTION WORKS)

i Design of drainage waterway

‘napproximate value of waterway for the drain may be obtained by using

Slacey's equation, given by;

P=475/Q
stere, P is the wetted perimeter in metres.

Q s the total discharge in cumecs.
Frwide drains width of water way is B =P.
‘extra provision is generally made for the space occupied by piers.
hsiphon aqueducts, the required area of the drainage waterway can be
tuined by dividing the drainage discharge by the permussible veloaty
“eough the barrels. This velocity is generally limited to 2 to 3 m/sec. The
“erway area is the divided by the decided waterway width of the drain
“ning, to compute the height of opening and extend of depressed floor
**small drain, length of drain water way is taken as 0.8P.
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i)  Affilux and head loss through siphon barrels

It was stated earlier that the velocity through siphon barrels is limiteq {, the
scouring value of about 2 m/sec. to 3 m/sec. A higher velocity may Cae
quick abrasion of the barrel surface by rolling girt, etc. and shall definite}

result in higher amount of afflux on the upstream side of the siphon aqueduc)
and thus requiring higher and longer marginal banks. !
The head loss (h) trough siphon barrels and the velocity (V) through them ar,
generally related by Unwin's formula given as;

2 42
h=[1+f +f2xﬁ]2‘%—¥—§
where, V is the velocity through the barrels.
V, is the velocity approach which is generally neglected.
f, is the coefficient of head loss at entry = 0.505 for unshaped mouth
_ = 0.08 for bell mouth
f, is a coefficient such that the loss of head through the barrel due to

surface friction is given by;
3
fa X % X %’E
where, f, is given as;
f=a [1 + %]
where, values of a and b for different material may be taken as given n table,
Material of the surface of barrel a b
Smooth iron pipe 0.00497 | 0.025
Encrusted pipe 0.00996 | 0.025
Smooth cement plaster 0.00316 | 0.030
Ashlar or brick work 0.00401 | 0.070
. |Rubble masonry or stone pitching | 0.00507 | 0.250
ili)  Fluming of canal

Fluming is done in all works of Type III. The maximum fluming is generally
governed by the extent that the velocity in the trough should remain
‘subcritical (of the order of 3 m/s), because, if supercritical velocities are
generated, then transition back to the normal section on the d/s side of th.c
work may involve the possibility of the formation of the hydraulic jump; this
would lead to undue loss of head and large stress in the work.

After deciding normal canal section and flumed canal section, the transition
has to be designed so as to provide a smooth change from one stage to the
other; so0 as to avoid sudden transition and the formation of eddies, elc. FO;
this reason ,the u/s or approach wings should not be steeper than 26.5° (n'f‘-' -
:1splay) and the d/s or departure wings should not be steeper than 185" (¢-
3 : 1 splay). Generally, normal depth is adopted in flumed section unless
special condition.

4
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Fronn ‘
o following methods may be used to designing the channel transitions
" Milra's method of design of ftransitions (when water depth
) remalns constant)
qAC Mitra has Proposed a hyperbolic transition for the design of channel
_peltions. ACCording to him, the channel width at any section X-X, at a
saance X from the flumed section
" B =t B L
X rnm
et B is the bed width of the normal section.
By is the bed width of the flumed section.
By is the bed width at any distance 'x' form the flumed section.

Ly is the length of transition which is different for expansion and
contraction transition.

Chaturvedi’'s semi~cubical parabolic fransition when water depth
remains constant

mf. RS. Chaturvedi, Head of civil engineering department in Roorkee
aversity, on the basis of his own experiments, had in 1993, propesed the
jlowing equation for channel transitions when water depth remains constant.

L]

LBZ

3 3
BB}

(oosing various convenient values of B,; the corresponding distance x can

kcomputed easily form the above equation.

)

X=

Contraction . Expansion
fe— > umed portion — )
| transition | =l Fo | transimon |
H . Drain : -
1 '|2
' 2:1
-E-g 5° . 7 l
i I B, B‘l —_— —
23| ypo :
f Approach
wings
L &
H \ I
! ! PLAN '
2! L2 TEL 3 I+ .
M pabtiie N i e Loy GREEEEETE ‘ i
2 % WS.L 3 s
N 1 ‘ [
v A
Y2 Bed line

Figure 8.10: L-section
" Deslgn of bottom of floor of aqueduct and siphon aqueduct
Vrof aqueduct or siphon-aqueduct is subjected to uplift due to two causes

'~ Uplift due to water table
Sloree acts where the battom floor is depressed below the dranage bed,

(N
Mially i o
"ally in siphon aqueducts.
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——

The maximum uplift under the worst condition would occur when there is py,
water flowing in the drain and the waler table has risen up to the drainag,
bed. The maximum net uplift in such case would be equal to the difference iy

level bcmccn dramage bed and bottom of the floor, as shown in the figure.
Position of water table

NI

..........................

Umax nd uplift Uphﬂ drainage

Figure 8.11

b)  Upliit due lo seepage of water from the canal fo the drainage.
The maximum uplift due to this seepage occurs when the canal is running fu}}
and there is no water in the drain. The seepage presures can be evaluated by
Bligh's theory as explained below.
The seepage flow occurs from the beginning of pucca canal through (point 2)
and reappears in the drainage bed on either side of the impervious floor zlong
the centre of the floor the first culvert bay(say point ¢ or d) point b is the
point under the centre of the first culvert bay.
The seepage path form ‘a’ to 'b’ and from ‘b’ to 'c’ can be known. The ioiz!
creep length will be equal to be = ab + bc. If H is total seepage head (1.2, H=
FSL of canal — d/s bed level of drain), the residual head at the point b (iz,
H;) is given by Bligh's theory equal to;

H,=H- —*;Exab]
H, = ybc]

"}'-

The floor of the siphon 2queduct must be designed for the total of Jift which i

equal to the sum of the uplift due to seepage plus the uplift due to stztic head
The total uplift may be partly be resisted by the weight of the floor and p=rT
by bending in reinforcement.

Ufserd of —L/s exd of prcea
e B of Fomr of caral eowgh
oz
N OEoooo. 1
“J
N
— Dfs emd of pacca
Drasmagy | Bocr deaens
i
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¥ gl

gomple 8.1

7esign a siphon aqueduct if the following data at the crossing of canal and
[ninage are given.

pischarge of canal = 50 cumees

gd width of canal = 30 m

sl supply depth of canal = 1.5 m

el level = 106 m

gdeslopeof canal =1.5H:1V

f fFgp flood discharge of drainage = 500 m

g flood level of drainage = 107 m

sedlevel of drainage = 104 m

geseral ground level = 106 m

splation:

s¢e the drainage is of large size and required length of agueduct » 200
zges0 type Il aqueduct is adopted.

4 level of canal is slightly below drainaze H.F L
sopted.

T earthen banks of the canal will be discontinued znd cznzl water &5
r2concrete through,

vep 1: Design of drainage waferway
Lacey’s regime perimeter = P =4.75,/Q =47557, =
*mide 12 clear spans of 8 m each and let the width of each pier e 1.5 =
Lengthof waterway =12x8+11215=1125m

3 —-»1,1 6(.'_‘:'5}'-" =

2k

10621 m

| 2 2e limiting velocity of through the siphon barrels is 2 m/sec

Discharge

~ Velocity x Widm of waterwz;
=900 o pm/sec
BF 2323 itk

‘#ee, providing 12 rectangular barrels 8 m wide and 2.5 m height

50

Height of banels required =

Actiz] velocity through the barrels = 7:—11_,7;=1‘fc:' e
1| 5 Z Design of canal waterway
‘ ‘#malbedwidthofcanal=30m
mdr.hbemducedmﬁm
Velority through lrougl’!rv-ny 2P m/sec <3m/wc (0K
"ing a splay of 2:1 in contraction,
lemgth of contraction transition = —-5—3-5: =15m
"Widing 2 eplay of 3: 1 in expansion,
U’?"h(ﬁ'e'xpam transition = ——{-"-.,—13 3=15m
o of flamed mtangular pn't"m of the canal between shommenss =
ks ".u»d) In transitions, the side slopes of the el secton fal be

"din : plan from the ongmal s ‘nw.( 13H 1Viove
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Step 3: Design of bed level ol different tections

L
1 4
L)
15m 2 Ve
”A,./-' < s Ny
S 31 N
2§ A\l
1 1%m 1M225m ——t m_
! S |
.
1 e
10 s
Thiae s
h! (1]
e wn
(Ervey

Figure 817

At section 4-4
When canal returns to its normal sections we have known condibons a
follows.
Area of trapezoidal section = (B + 1.5 v)
=30+ 15%15)15
= 4837 nv’
where, B = bed width = 30 m
Y =depth=15m

Velocity of \a-"g*‘“g'[ﬁr

03 m/sec

e .
Velocity of head = };ﬂ Q% =005 m

R.L of canal bed at 4—-4 = 106 m (given)

Water depth = 1.5 m (given)

R.L. of water surface at 44 =100 + 1.5= 1075 m

RL of TEL at4-4 = 1075+ 0.055 = 107.555 m
At section 3-3
Assuming the constant depth of 1.5 m throughout the channel. we have #
section 3-3, a rectangular channel, as follows

Bed width =15m

Depth = 1.5 m (assumed constant)

Area=15x15=225n°

Velacity = Vi = aysa,uv =222 m/sec.

1 ?

Velocity head = Vi 22 a5y,

I C’Iﬂpbr l; Cm«Dm‘rfvgef_)@rh” | a2

yeming that the loas of head in expansion from section 3-3 to section 44 is
phen &
V)
—ml 37 , 03[025 ~ 0055] = 0059 m

RIL.of TEL at3-3 = R1. of T.E.L at 44 + Loss in expansion
= 17555 + 0059
=107 614m
R L of water surface at 3-3 = 107 614 - 0025 = 107,364 m
RLof bedat 3-3 = 107364 — 15 = 105844 m

y section 2-2
tom axtion 2-2 to 3-3, the trough section is constant. Therefore, the area and
whxity al 2-2 are the same as at 3-3 There is a friction loss between 2-2 and
14 which may computed by Manning's formula as equal to;
V'L
”|_ L
R‘
vhere, n ks rugosity coefficient, whose value i a concrete trough may be
wenas 0.016 and L. is the length of channel = 1125 m.
5x
Hydraulic mean depth (R) = -lr\; = WITT)!(:H
25
= -Tg- 1.25m

50

Velocity in trough (V) = K =222 m/sec.

VL (n.mfaf x (2
R (1.25)3
= R.L. of T.E. L. at 3-3 + Head loss in trough
=107.614 + 0.105 = 107.719 m
RL of water level at 2-2 = 107.719 — Velocity head

=107.719 - 025

= 107469 m
= 107469 —1.5 = 105969 m

I T
Head loss (H,) = 2V g5 m

RLof T.E. L. at 2-2

RL of bed at 2-2

Wsection 1-1
L of head in contraction transition from section 1-1 to section 2-2 may be

mas;
- (105)°
-02[ I U’I <O8T }|=0A0d9m

RL. oi']'.l-.. L.at1-1 = RL. of TE. L at 2-2 + Loss in contraction
107.719 + 0.089
= 107 308 m
RL. of water level at 1-1 = 107 808 -0.055 = W7 758 m
R L of bed at 1-1 required to mamtam constant depty = 107738 = 13
= e m
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All these levels are plotted and shown in above figure.

Step 4: Design of transition

i) Contraction transitions
Since depth is constant, the transition shall be designed on the basis of Mitra's

hyperbolic transition equation given by;

By =B L — (BB
where, B =15 m
B, =30m
Li=15m
Substituting the above values; we get,
B. = 30x15x15 6750 _ 450
xT30X15—x@0—15)  450—-15x ~ 30—x

For various values of x lying between o to 15 m, various values of B, are
worked out as shown in table.
The distance 'x' is measured form the flumed section 2-2'

X (m) 0 2 4 6 8 10 | 12 | 14 | 15
B, = ﬂj 210 -(inm) | 15.0 [16.04(17.27 18.72120.42| 22.5 | 25.0 | 28.1 | 30.0
Expansion transition
In this case; we have,

B;=15m

B,=30m

Li=225m

Bn- B¢ Ly 30x15x15 675
B Lf"X(Bn—B{) 30X]5‘—‘)\(’DU— 15) 45 —x

For various values of 'x' lying between 0 to 22.5 m, corresponding values of By
are worked out, as shown in the table.

The distance 'x' is measured from the flumed section 3-3.

X (m) 02| 4 [ 6] 8 [10]12] 14 |16 |18|20{225

B, =45"_7_5£(m) 15(15.7(16.46|17.3|18.25 19.3 |20.4|21.75 [23.3 [ 25 |27 | 30

Step 5: Design of trough
The trough shall be divided into three equal compnrtmcmq each 5 m wide,

separated by 0.3 m thick partition walls (2 nos.). The inspection rod (5 m
wide) shall be carried on the extreme left compartments, as shown in the
figure. A free board of 0.6 m above the normal water depth of 1.5 m is
sufficient, and hence the bottom level of bridge slab may be kept at 1.5 + 0.6 =
2.1 m above the bed level of the trough. The height of the trough will also be
kept equal to 2.1 m. The entire trough section can be designed as monolithic
reinforced concrete structure by the usual structural methods. The tentative
thickness may be used as follows,
Outer wall = 0.4 m thick
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el

Bottom slab of trough = 0.4 m thick
intermediate walls shall be extended into transitions, so as to provide the
cessary clear width of 15 m.

I\'DWI ., *
Overall outer width of trough (including wall) =15+ 2 x 0.3 + 2 x 0.4

=164m
fince, the length of siphon barrel = 16.4 m.

ep b: Head loss through the siphon barrels
ehead loss through the siphon barrels is given by Unwin's formula as

aqual to (neglecting velocity of approach)
LV
h=[1+f1 +f2XR-]2—g

Jhere, V is the velocity through the barrels = 2.08 m/sec.
f, is the coefficient of head loss at entry = 0.505

f2 =a [1 + Il%]
shere, the values of a and bare taken from table 7.1.

forcement plastered barrel

a = 0.00316
b=0.030
Ris the hydraulic mean depth for barrel = % = i(%XTZZDS_) = % =093
Lis the length of barrel = 16.4 m
Substituting these values; we get,
f, = 0.00316[1 + 53] = 0.00326
2= 0.953
h=[1+0505 +0.00326 x (3355) 2(2?09’%— =034 m

High flood level of drainage = 107.0 m (Gwen)
d/sHEL. =107.0 m

Afflux (h) = 0.344 m

u/sHF. L. =d/s HF.L. + Afflux (or loss of head)
=107.0 + 0.344
=107.344 m

llep 7: Uplift pressure on roof barrels
R.L. of bottom of trough = R. L. of canal bed - Slab thickness

=106 - 04
=105.6m

Vv
Loss of head at entry of barrel = 0.505 X X

2.08)"
= (.505 X 5% 981
=0.111Tm
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Uplift on roof = u/s H.E.L. — Loss at entry — Level of underside of
froof q[ab
=107.344 — 0.111 — 106.0
= 1.223 m of water
=1223 kN /m? (1.223 t/m?)
Assuming unit weight of water = 10 kN/m? or 1 t/m?
The concrete trough slab is 0.4 thick and thus exert a downward load of 04,
24 =0.96 kN/m?
Assuming unit weight of concrete = 24 kN/ m?
The balance of the uplift pressure i.c., 12.23 — 9.6 = 263 kN/m! has 1o by
resisted by the reinforcement to be provided at the top in the roof slab. The
roof slab has to be designed for full canal water load (1.5 m of water) iy
self-weight, when the drainage water is low and not exerting any uplif,
Suitable reinforcement at bottom of slab may be provided for this downway
force.

Step 8: Uplift in the boltom floor of barel
i) Static head

U/s end of pucca
floor of canal trough

— D/s end of pucca
floor drain

Figure 8.14
R.L. of barrel floor = R.L. of trough bottom — Height of barrel
=1056—-25=1031m
Let us assume that the thickness of 0.8 m is provided.
R.L. of bottom of floor =103.1 — 0.8 =102.3 m
Bed level of the drain = 104 m
Assuming that the water-table has gone up to bed level of drain,
Static uplift on the floor (refer figure) = 104 — 102.3 = 1.7 m of water

i) Seepage head
The seepage head will be maximum when the canal is running full and B¢
drain is dry. Thus,
Total seepage head = F.S.L. of canal — Bed level of drain
= (106 + 1.5) — 104
=35m
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e residual head at a point 'a' in the centre of the first barrel (figure B) has
wn alculated by Bligh's theory as follows.
jguming that;
Total length of drainage floor = 30 m
feseepage line abe will traverse creep lengths as follows;
ab = Length of u/s transition + half the barrel span =15+ 4=19m
be =15 m (Half of the total length of 30 m (assumed)
Total creep length =19+ 15=34m
Residual seepage head at b = 3.5 [1 —:1,,—2] =35x4=15%m
Total uplift = State head + Seepage head
= 1.7 4 1.55 = 3.25 m of water
=325kN/m?
fhe provided 0.8 m thickness of slab will resist due to its own weight,
Uplift = 0.8 x 24 = 19.2 kN/m?
Merefore, balance to be resisted by reinforcement due 't bending action =
25-192 =133 kN/m”.
sitable reinforcement for the uplift (133 kN/m?) has been provided at the
ppof the culvert floor so as to counteract the bending action.

m .
Tie length of the floor as been provided equal to 32 m, as shown in the figure
tdow on the following considerations;

Length of floor required under barrel = 164 m

biira floor length required to accommodate pier;
Noses on both sides =20 m
Horizontal length of d/s ramp jointing to bed level at slope of 5: 1 is;
=5(104 —103.1) =45 m
Width of d/s cut-off beyond ramp = 0.6 m
Length of extra floor provided in u/s side=6m
Total length = 29.5 m

Ylep 9: Design of cutoff and protection works for the drainoge floor

1
Depth of scour (R) = 0.47 [%]j
Asuming f = 1.0;

1
R =047 [—5(1’—"]‘ =047 x794=373m
Povide depth of cut-off for scour hole of 1.5 R on both sides; we have,
Depth of u/s cut off below HLEL. = 1.5R =15x 37 = So6m
R.L. of bottom of u/s cut-off=u/s HE. L - 5.6
=107.344 - 5.6 = 10L.7H m
R.L. of bottom of d/s cut-off = d/s tLE. L. - 5.6
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=107.0-56=101.4 m

Length of u/s protection (i.c,, 40 cm thick brick pitching) is;
=2[R.L. of u/s bed — R.L. of bottom of u/s cut-off]

= 2[103.1 — 101.744)

=2x1.356
= 2.71 m (provide 3 m)
Similarly,
Length of d/s brick pitching = 2[R.L. of d/s bed — R.L. of bottom of
d/s cut-off]

= 2[104 — 101.6]
=2x26
=52m

The pitching may be supported by 0.4 m wide and 1 m deep toe walls, as
shown in the figure below.

Inspection road
21]S'AI-I- =L n AT
u/sHFL107344 - [0 6 2080 (0.6 d/s HFL207.00
40cm | plds 09— 50 ..4,_.._Q_3.5.0___P
ufsbed  thick brick L — -
104m pitching L1056 52
1m 031 I
PR e "'0? A "-'s.x"’l."'i"- R
— f—I= 1841023 | 51 Toewall
1014

Figure 8.15: Section of siphon aqueduct
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¢ WORKED OUT PROBLEMS

Wa Drainage data

scharge = 20 m?/sec. Discharge = 200 m®/sec.
| oth of water 1.5 m HFL = 250.7 m

g1 =251.5m Bed level = 248.5m

{iround level = 250.0 m
jrom above data design following components of siphon aqueduct.
i (Canal waterway

'a) Drainage waterway
i) Afflux and head loss through siphon barrel

4) Uplift on drainage slab

Solution:
| Design of drainage waterway

Here,

Lacey's regime perimeter (P) = 4.75,/Q = 4.75¥200 = 67.18m
povide 8 clear span of 8 m each and width of pier =1.5m.

Total length of waterway =8 x 8 +1.5x7 =74.5
Let, [imiling velocity through siphon barrels is 2 m/ sec.

Discharge
Helgh t of barrels required = Velocity x Clear width of waterway
_ 200
T2X64
=1563m
frovide 8 rectangular barrels, each 8 m wide and 1.6 m high.
. 2
Actual velocity through barrels = -8—;(%
=1.95m/sec.
i) Design of canal waterway
le,, Bed width of canal = 30 m
Width be reduced to 15 m
froviding a splay of 2 : 1 in contraction;
. Length of contraction transition = £l ; 1y 2=15m
| Poviding 3 : 1 splay in expansion transition;
Length of expansion transition = 1_30_—‘,_1_3 x3=25m

Length of flumed rectangular portion = 74.5m
i) Afflux or head loss through siphon barrels
Head loss through the siphon barrels (h) = [1 +6H+6: L‘J ’7§

V'=195m/sec.
fy = 0.505 = Coefficient of head loss at entry
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fz=a(1 +%’{)

For cement plastered barrels

iv)

a =0.00316
b=0.030

A 8§x1.6
R=p=2@+15 ¥
L= Lcngtllofbarml-15+0.3)<2+0.4x2=16.4m
Width of inner wall = 03 m

Width of outer wall = 0.4 m

f, = 0.00316 (1 + 1) = 0.0033
h= [1+0505+00033x566‘; (:99;3 ~ 0306

d/sHFL = 250.7 m
u/sHFL = 250.7 + Afflux(h) = 250.7 + 0.306 = 251.00 m

Uplift on drainage slab
a) Static head
R.L of trough bottom = FSL of canal — Waler depth — Thickness
of trough
=2515-15-04
=249.6
R.L of barrel floor = R.L. of trough bottom — Height of barrel
=2496—16
=248m

Let, thickness of floor = 0.8 m

“first barrel is calculated by Bligh's theory.

R.L. of bottom of barrel floor = 248.0 — Thickness of floor
=2472m
Bed level of drain = 248.5 m (Given)
Assuming that the water table has gone to bed level of drain,
Static uplift on the floor = 248.5 — 247.2 = 1.3 m of water

b) Seepage head
ﬂxeseepagehmdmllbemmmumwhentlmcamlls

running full and the drain is dry. Thus,
Total seepage head = F.S.L. of canal — bed level
of drain
=251.5-2485m=3m
The residual seepage head at a point 'b' in the centre of

Assuming;
Total length of drainage floor = 30 m
ab=15+4=19m
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pc=15m

Total creep length =34 m

Residual seepage head = 3 x %42 =132m

Total uplift = Static head + Seepage head
=13+132=262m
=262kN/m?

Balanced to be resisted by reinforcement due to bending action is;
=262—-0.7x24
=7kN/m?

JROBLEM 2

ﬁ.dgnthem',bedlevdndmaa—iﬁkaﬁhﬁ*
gracture for the following data given below. The structare should be
famed to achieve economy.

Parameters Canal Drainage
Q_, (m’/sec) 30 200
B (m) 20 20
Bedlevel at d/s 200 198
FSL/HFL 202 20m
iu?-inglming'sx-godtycocﬁdatao,m4ﬁrm
Solution:
Here, bed level of canal is below HFL of drainage so, siphon aqueduct is
provided.
) Drainage waterway
Lacey’s Regime parameter

P=475/Q = 4.75/200 = 67.18m
Provide 8 clear span of 8 m each and 1.5 m width pier.
Total length of waterway =8 x8+7x15=745m
Let, - Limiting velocity through siphon barrels = 20 m/sec.

Height of barrel required = Velocity x Clear width of waterway
_ 200
“2x8x8
= l...rﬁ m
Provide 8 rectangular barrels each 8 m wide and 1.6 m high
Actual velocity through siphon barrels = B_T_—xli) %
=1.95m/sec.

) Design of canal waterway
Normal bed width =30 m

Let, the width be reduced to 15 m.
Providing a splay of 2 : 1 in contraction,
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5
Length of contraction transition = —2-]— 2=15m

Provxdmg asplay of 3 : 1 expansion,

Length of expansion transition = jﬂ 3=225m

Length of flumed rectangular portion of canal between abutmeyg

=745m
Let, Side slope of canal =1.5:1
In transitions, the side slope of canal section shall be warped in plan from

original slope of % H: 1V to vertical.

i) Design of bed levels at different section

1
\e-2:1

- 3,.

2
1 4
Figure 8.17

At section 4 - 4

Area of trapezoidal canal section = (B+15y)y = (30 +15x2)2
= 66 m*
Discharge
V= Tag_ 56 = 0455 m/sec.
Vi (0455

Velocity head = T;— = (1—96—2)— =0.01m

R.L. of canal bed at 4 - 4 = 200 m

R.L. of water surface at 4 - 4 = 202m

R.L.of TELat4 -4 =202.0+0.01 = 202.01 m
At section 3 -3
Assuming constant depth of 2.0 m throughout channel, we have at 3-32
rectangular channel,

Bed width =15m

Velocity = % =1m/sec.

1
Velocity head = 2 73 1(9 )62 =0.05m

. 2 2
Loss of head in expansion from3 -3 to4 -4 = 0.3 (V";gv*)
= 0.3(0.05 - 0.01)
=0.012m
RL.of TELat3-3 = R.L.of TELat4-4 + Loss in expansion
=202.01 +0.012 = 202.022 m

. [Bed width = mm_
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R.L. of water surface at 3 - 3 = 202.022 — 0.05 = 201.972m
‘R.L.of bed at 3 -3 = 201.972 — Water depth
=201.972-2=199.972m

At section 2 =2
Loss in friction between section2 -2 and3-3
Given that;

n=0.014

A 15%x2
R=p=m5+2x "

n2V2L _ (0.014)° x (1)’ x 745
RS (1.58)3
RL.of TELat2 -2 = R.L. of TEL at 3-3 4+ Head loss in trough
= 202.022 + 0.008
=202.03m
R.L. of water level at 2 -2 = 202.03 — Velocity head at 2-2

=202.03 -0.05
=201.98 m

RLofbedatsecnonZ 2=201.98—-2=199.98m

=1.58

=0.008m

Head loss (Hy) =

Atsection 1 -1

Head loss in contraction from1-1t02-2 =0.2 (sz-g\/l)

= 0.2(0.05-0.01)
=0.008 m
RL.of TELat1-1 = R.L. of TEL at 2-2 + Loss in contraction
= 202.03 + 0.008
= 202.038
R.L. of water surface at section 1 -1 = 202.038 — Velocity head
= 202.038 - 0.01
=202.028 m
RL.of bed at1 - 1 = 202.028 — 2 = 200.008 m

PROBLEM 3

H‘pnte the waterway of canal and drainage of a suitable cross drainage
work and draw a schematic neat sketch of the designed structure

Quug = 20 m*/sec.

Qi = 200 m®/sec.

FSLdepth = 1.40 m

HFL of drain = 101.5m

Bed level of canal = 100.00 m

Bed level (drain) = 98.00 m
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" Solution:
Here,

erain » Qﬂml
and, FSL of drain = 101.5 m is higher than bed level of canal = 10000 m,

So, a siphon aqueduct is provided.

i) Design of drainage waterway
Using Lacey's perimeter formula; we have,
P=4.75/Q=4.75V200 = 67.18 m
Provide 8 clear span of 8 m each and 1.5 m width pier.
"Total length of waterway =8 x8+15x7
=745
Let limiting velocity through siphon barrels is 2 m/ sec.
. ; Discharge
Height of barrels required = Velocity x Clear width of waterway
=200
T2x64
=1.563m

Provide 8 rectangular barrels, each 8 m wide and 1.6 m high.

Actual velocity through barrels = 8—)%02—1—6
=195 m/SEC.

ii) Design of canal waterway
Normal bed width of canal =16 m

Let, the width be reduced to 10 m.
Providing a splay of 2 : 1 on contraction,
Length of contraction transition = 16 > 0,2-6 m
Providing a splay of 3 : 1 in expansion,
16-10 ., _
X3=9m

Length of expansion transition = —
Length of flumed rectangular portion of canal between abutmens
=745m .
In transitions, side slope of canal section shall be warped in plan from the
original slope. '

Drainage

10m

743

Drainage
Figure 8.18
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;ROBLEM 4

pesign siphon aqueduct (Drainage waterway, canal waterway, Bed levels
sd transitions) if the following data at crossing of canal and drainage are

ﬂnn:

pischarge of canal = 50 camecs

ged width of canal = 32 m

fall supply depth of canal = 1.80 m

(an bed level = 200.0 m

side slopes of canal = 1.5H : 1V

gigh flood discharge of drainage = 400 cumecs

figh flood level of drainage = 200.6 m

ped level of drainage = 198.0m

General ground level = 200.20 m

Solution:

) Design of drainage waterway
Lacey's regime perimeter = P = 475,/Q = 4.75/400 = % m

Let provide 11 clear spans of 8 m each and width of each pieris15m.
Total length of waterway =8 x11+1.5x10 =108 m

let, Limiting velocity through siphon barrel = 2 m/sec.
Height of barrel required = gsava o= 227m

Provide 11 rectangular barrels, each 8 m wide and height 23 m.

. - 400 _
Actual veloaty through barmls =8x11x23 - 1.98 m/sec.

i) Design of canal waterway
Normal bed width =32 m
Let the width be reduced to 15 m.

Velocity through trough = 15 = 185 m/sec. <3m/sec. (0K)

Providing a splay of 2: 1 on the contraction,
32-15

x2=17m

Length of contraction transition = —
Providing a splay of 3 : 1 in expansion,
32-15 x3=255m

Expansion transition length = 5
Length of flumed rectangular portion = 103 m
Intransitions side slopes of the canal section shall be warped in plan from the
original slope of 1.5 W : 1 V to vertical.

i) Design of bed levels at different secfions

Alsection 4 - 4

Q- Q N 50 = R
Vi= R =BFisyy - FIsxXIoE - 0sm/sx.

V2 08y
Velocity head = 2? = (Tm =0.033m
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4

2 2" Canal

T - T 1 Cana
—_— - 15m —_— 3 —_—
'

2 TN
le »
! 103 m o ‘4

Figure 8,19
R.L. of canal bed at 4 -4 = 200.0 m
R.L. of water level at4 -4 = 2000+ 1.8 =201.8 m .
R.L.of TEL at4 - 4 = 201.8 + Velocity head
© =201.8+0.033 = 201.833 m

}

~«

At section3 -3 )
Assuming water depth is constant = 1.8 m

At section 3 - 3 section is rectangular
Velocityat3-3 =V, =%— TTxI8= 1.85 m/sec.
a 85)
.28

Velocity head =

Loss of head in expansion from3 -3to4-4 =0.3 (_2?\&)

= 0.3(0.175 = 0.033)
=0.042m
RL.of TELat3 -3 = R.L. of TEL at 4- 4 + Loss in expansion
=201.833 + 0.042
=201.876 m
R.L. of water surface at 3 - 3 = 201.876 — 0.175 = 201.7 m
RL.ofbedat3-3=201.7-18=199.9m
At section 2 - 2
Friction loss between2 - 2and 3 - 3;
n2V’L
RS
0.016; for concrete

n=
A 15%1.8
R=p=T5+r2x1g~ 14

(0.016)% x (1.85)" x 103
(1.45)§
RL.of TELat2-2 =R.L.of TELat3-3 +Hy,
= 201.876 +0.055 = 201.93 m
R.L. of water level at 2 - 2 = 201,93 — Velocity head
=201.93 - 0.175 = 201.76 m
R.L. of bed level at2 -2 = 201.76 — 1.8 = 199.96 m

HL=

Hy = =0.055m

Il seCﬁOﬂ 1-1

=
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2

2
fead loss in contraction from1-1t02-2 =0.2 (sz—gvl)

=0.2(0.175 - 0.033)
=0.028m
RL ofTELaH 1 = R.L. of TEL at 2-2 + Head loss
=201.93 + 0.028

=201.96 m
R.L. of water surface = 201.96 — 0.033
= 201.925
RL ofbedat1-1 =201.925—-1.8
=200.125m

Design of fransition
a) Contraction transition
Applying Mitra's hyperbolic transition equation; we have,

BB L
B + Ly —x(B, — By)
B,=32m
B;=15m
Lf=l7m
B. = 32x15x17
X 32X 17=x(32-15)
_ 8160 -
T 544 —17x
_ 480
~32-x
x(m) 0| 24|68 [10]12)14]16] 17

B.;?TQ’STO; 15 | 16 [17.14]1846| 20 [21.82] 24 [2667] 30 | 32

xis measured from the flumed section.

b) Expansion transition

B = BuBrly
B - Ly — x(Bn — By)
where, Ly = 25.5m.
4 B = 32X15X255

X 37X 255 — x(32 — 15)

12240
816 - 17x
_ 720

15/15.65(16.36(17.14] 18 |18.94] 20 [21.17622.5/24|25.71|127.7{30| 32
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PROBLEM 5 ‘
Following data are obtained at the crossing of a canal and a drainage
Canal data Drainage data \1
Q = 20 m*/sec. Q = 200 m?/sec.
Depth of water 1.5m HFL = 150.7m
FSL =151.5m Bed level = 148.5m

Bed width=12m Ground level = 150.0 m
Side slope (H:V) = (1.5:1)
Design the following component of siphon aqueduct
i) Drainage waterway
i) Canal waterway
iii) Transition
iv) Uplift
Solution:
i) Design of drainage waterway
Lacey's regime perimeter (P) = 4.75,/Q = 4.75¥200 = 67.18 m
Provide 8 clear span of 8 m each and pier 1.5 m width.
Total length of waterway =8 X8 +1.5x7 =745

Let, limiting velocity through siphon barrels is 2.0 m/sec.
. Q _ 200 _

Provide 8 rectangular barrels each 8 m wide and 1.6 m high.

2
Actual velocity through barrels = g 55 = 1.95 m/se.

[2070 Bhadr,)

ii) Design of canal water way

Normal bed width of canal =12 m

Velocity in trough = 2 = =-20—= = 222 m/sec. < 3m/sec. (0K)
Let, the width be reduced to 6 m. )
Providing a splay of 2 : 1 in contraction,

Length of contraction transition = ]22_ 2
Providing a splay of 3 : 1 in expansion transition,

Length of expansion transition = ]22- 6

X2=6m

X3=9m

Length of flumed rectangular portion = 74.5m
In transitions side slopes of the canal section is warped in plan from the
original slope of 1.5 H : 1V to vertical.

iif) Transition
a) Contraction transition
Using Mitra's hyperbolic transition equation; we have,

B = By By- Ly
* 7 Bnr L= x(Ba — By)

B,=12m
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B’ =6m
Ly=6m
B. = 12x6X6 _ 432 -~ 72
*“TIX 6—x(12—6) 72—6x  12-x
0 2 4 6
Bo=pes | © 7.2 9 12
b Expansion transition
B, = g Po B Ly
* X Bn'Lf—X(Bn—Bf)
B,=12m
Bf =6m
Lf =9m
. p=. 12Xx6x9 68 _ 108
*xT12Xx 9—x(12—6) ~ 108 —6x ~ 18 —x
x in m 0 2 4 6 8 9
B=pe | 6 |67 71| 9 | 108 1
y) Uplift
a) Static head
R.L. of canal bed = R.L. of FSL — Water depth
=1515-15=150m
Let, Thickness of trough = 0.4m
R.L. of through bottom = 150 — 0.4 = 149.6 m
R.L. of barrel floor = R.L. of trough bottom — Height of barrel
=149.6—-1.6=148m
Let, Thickness of barrel floor = 0.8 m
R.L. of bottom of barrel floor = 148 — 0.8 = 147.2m
Bed level of drain = 148.5 m (given)
. Maximum static uplift = 148.5 — 147.2 = 1.3 m of water
b) Seepage head
Maximum seepage head = F.S.L. of canal C:iul
—Bed level of drain
=1515-M485 | - sy
=3m ém E 4
ab=6+4=10m -3t
12 i o
be = -5 =6m &
Residual seepage head at point 'b' according to
Bligh's theory is;
=13—6x6=1.125m 2m
Figure 820

Total uplift = 1.3 +1.125 =2425m



338 | Complole manual of Irrigation Engineering (Bachelor of Enginooring)

=24.25 kN/m?
Balanced to be resisted by reinforcement = 24.25 — 0.8 x 4
e =5.05kN/m?

PROBLEM 6
Design a siphon aqueduct across stream for the following data,
Canal Stream
Full supply discharge = 56 m*/sec. High flood discharge = 425 m? /gq,
Bed width=32m High flood level = 268.20 m
Depth of flow = 2.0m Bed level = 265.50 m
' General ground level = 267.2 1
Make suitable assumption, if required. Draw plan and sectional elevatioy

of the designed siphon aqueduct. [2070 Magh)
Solutiom:
i) Design of drainage waterway
Lacey's regime perimeter = 475/Q
=4.75V425 = 97923 m
Provide 11 spans.of 8 m each and piers width of 1.5 m.
Total length of waterway = 11 X 8+ 10 x 1.5 =103 m
" Let, limiting velocity = 2.0 m/sec.
Height of barrel required = W
. R
=7xgx1 - 24m
Let provide 11 rectangular barrels each 8 m wide and 2.5 m high.
Velocity through barrels = H—:fm
. =1.932 m/sec.
ii) Design of canal waterway
Normal bed width =32 m
Let, the width is reduced to 15 m.
Providing a splay of 2: 1 in contraction,
Contraction transition length = 22 > B y2=17m

Providing a splay of 3 : 1 in expansion,

32;15x3=25.5m

Length of flumed rectangular portion of canal between abutments = 103 m

Expansion transition length =

In transitions, the side slopes of canal shall be warped in plan from the
original side slope of canal.
Assume,
Bed level of canal = 267.0 m
Plan and sectional elevation of designed siphon aqueduct is given below.

v
—
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Inspection road
" o
F5L =200m ‘L
HL.F.L.
u/sHEL- 2682 m d/sWEL
'—Y—' Canal v
2655m —» —» Drain

Figure 8.21: Section of sipohon aqueduct

ROBLEM 7

[etermine bed and water levels at four critical locations of the canal
vaterway at transition of siphon aqueduct designed with the following
data. [2071 Bhadra]
(anal Drainage
full supply discharge = 40 m3/sec.  Max. flood discharge = 520 m/sec.
full supply level = 151.8 m High flood level = 150.6 m
Sideslope=1.5:1 Bed level = 148.2 m
!Dqth of water = 1.5m Normal ground level = 150.00 m
{Bed level = 150.00 m
Bed width = 32 m
Solution:
Here,

Bed width of canal = 32 m (given)
let, width be reduced to 15 m. Then,

Velocity through canal ti'ough = ',% = 15‘;015

=1.77 m/sec. < 3 m/sec. (Ok)
ud, Lacey's regime perimeter (P) = 4.75J6 =4.75J520 = 10831 m
Povide 12 clear span of 8 m each with 1.5 m width pier.

Total length of flumed section =12x§ + 11 x15=1125m

Yesign of bed levels at different section

Asection 4—4
Area of trapezoidal canal section = (B + 1.5y)y
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=30+15%x15)x15
. = 48375 m?
Discharge 40
Arca 48375

- 4
_ _ Vi, (0827)°
Velocity head =5 = 5757

=0.035m
R.L. of canal bed at 44 =150 m
R.L. of water level at 44 =150+ 1.5 1
=151.5m
R.L. of TEL at 44 = 151.5 + 0.035
=151.535m

= (.827 m/sec.

4 =

Figure 822

At section 3-3 :
Assuming constant depth of 1.5 m throughout the channel, we have, at3.3,
rectangular channel.
Velocity (V3) = % = —-—-——-]540 =1.77 m/sec.
. X 1.5

) V3 _ 77>
Veloclty head = '251 = mz— = 0.16 m

Vi- Vi)
Loss of head in.expansion from 3-3 to 44 = 0-3( ng 4)

= 0.3(0.16 — 0.035)

=0.0375m
R.L. of TEL at 3-3 = R.L. of TEL at 44 + Loss in expansion
=151.535 + 0.0375
=151.57m °

R.L. of water level at 3-3 = 151.57 — Velocity head
=151.57 - 0.16 = 151.41 m
R.L. of bed level at 3-3 = 151.41 — Water depth
=15141-1.5=14991m
At section 2-2
Here,
" n = 0.016 [For concrete]

_A_ 15x15
R=%

=5+2x15) - 1-5m

nz\{fL _ (0.016)° x (1.774)2 X 1125 _ o oom
, R3 (1.25)3

R.L. of TEL at 2-2 = R.L. of TEL at 3-3 + Head loss in trough
= 151.57 + 0.09

=151.66 m

Head loss (H;) =
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R.L. of water surface at 2-2 = 151.66 — Velocity head at 2-2
=151.66-0.16
=1515m
R.L. of bed level at 2-2 = 201.98 — Water depth
=1515-15=150m

e,
2

Head loss in contraction from1-1 to 2-2 =02 (TVZ — Vf)

R.L. of TEL at 1-1= R.L. of TEL at 2-2 + Loss in contraction
=151.66 + 0.025
=151.685m
R.L. of water surface = R.L. of TEL at 1-1 — Velocity head
= 151.685 — 0.035
=151.65m
RL. of bed level = 151.65—15=150.15m

ROBLEM 8

HFEL=211m

Bed width=14m

Bed level = 208.6 m
Sideslope=1.5H:1V General ground level = 210.5m
Determine bed and water level at four critical locations of canal waterway
ittransitions of syphonic agqueduct. [2071 Magh: T.U.]

Solution:
Here,
Lacey's regime perimeter (P) = 4.75,/Q
=4.75V400 =95 m
let's provide 11 clear span of 8 m each and width of each pieris 1.5 m.
Total length of waterway =8x11+15x10
) =108 m
Normal bed width =28 m
Let, width be reduced to 14 m. Then,

Velocity through trough = % = %q
= 1.71 m/sec. < 3 m/sec. (OK)
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Design of bed and water level at four critical location

ewmemnne

mo|

2]2‘H-‘__;~ ---------------- T

2105

At section 4—4
y, = Discharge_Q _ 36
477 Area A (B+1byy
= 36 -
= DBFI5 x15)X15 = 0793 m/sec.
V2 (0.793)

Velocity head = 5 =55 = 0.032m

R.L. of canal bed at 44 = 2104 m
R.L. of water level at 3-3 = 2104 + 1.5 =2119m
R.L. of TEL at 3-3 = 211.9 + 0.032 = 211.932m

At section 3-3
Assuming constant depth of 1.5 m; we have,
Velocity at3-3 =2 = 230 = 171 m/sec.
2 2
Velocity head at 3-3 = X_é' = %16%— =015m
Loss of head i ion from 3-3 to 44 _03(v§—v3)
ead in expansion from 3-3 to =035~
= 0.3(0.05 —0.032)
‘ =0.035m
R.L. of TEL at 3-3 = R.L. of TEL at 4- 4 + Head loss
= 211.932 +0.035
‘ =211.96m
R.L. of water surface = 211.96 — Velocily head
=211.96-0.15
=21181m
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R.L.of bed level = 211.81 — 1.5 =21031m

Alsec!ﬁ)ﬂ ZfJZ
flere, friction loss between 2-2 to 3-3 is given by;

H.=—""=
R3

Jhere, 0 = 0.016; for concrete.

A_ 14x15 _
R=p={a+2x15) ~ 124m

2 2 2
= nz\{l L _ (0.016)" x (1.7}) x103 _ o 058
R3 1.24p3

Hy m
Now, -
RL of TEL at 2-2 = R.L. of TEL at 3-3 + Head loss in trou
= 211.96 + 0.058
=21201m
RL. of water level at 2-2 = 21201 — Velocity head at2-2
=21201-015
=211.86m
RL. of bed at 2-2 = 211.86 — Water depth
=211.86—15
= 21036 m

Atsection 1-1
Here,
. <y .
Head loss in contraction from 1-1 to 2-2 =02 (V_zz—_g_vi) J.
= 02(0.15 - 0.082)
=0.024m
R.L. of TEL at 1-1- = R.L. of TEL at 2-2 + Head loss
= 21201+ 0.024
=212.034m
R.L. of water surface at 1-1 = 212.034 — Velocity head
= 212,034 —0.032
) = 212002
RL of bed at 1-1 = 212.002 — Water depth
=212.002-15
=2105m

PROBLEM 9

Wownmmhmmm?mtmmmmh
“usidered when selecting cross drainage works at a point?

Solution: See the definition part 8.1
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PROBLEM 10
Design a suitable cross drainage structures ﬁ;;t_ﬁ;fol'ioi-i;é data;
Drainage

Discharge (Q) = 200 m?/pec.
High flood level (HFL) = 210 m
High flood depth = 2.5 m

Canal
Discharge (Q) = 32 m*/rpec.
Pull supply level (FSL) = 213.5
Canal bed level = 212 m
Canal bed width = 20 m
Canal gideslope (H: V) =1.5:1
Solution:
Here, the bed level of canal (212 m) is in higher level than the high flood level
of drainage (210 m) so aqueduct should be constructed.
and, Qi (200 m¥/sec.) » Q_, (32 m¥/sec.)
Hence, length of the canal waterway will be large so type Il will be adopted,
i) Design of drainage waterway
Lacey's regime perimeter (P) = 4.75,/Q = 4.75v200 = 67.18m
Provide 8 clear span of 8 m each with 1.5 m width pier.
Total length of waterway =8 x8+1.5x7=745m

i) Design of canal waterway

Bed width of canal = 20 m
Let, width be reduced to 10 m; then,

Velocity through trough = qyoer

= 2133 m/sec. < 3m/sec. (OK)

Providing a splay of 2 : 1 in contraction; we have,

lmgﬂlofoonhacﬁonhansition=20;10x2=10m
Providing 3 : 1 splay in expansion transition; we have,

ngﬂlof,upamiontransition=20;mx3=15m

(2013 Po.y
%\

In transitions, the side slope of the canal section will be warped in plan -

from the original slope of 1.5: 1 to vertical.
i) Design of bed levels at different sections
At section 4—4
Depth of water = 113.5-112=15m
Area of trapezoidal section = (B +1.5y)y
= (20 +15x15) x 1.5 =33375m’
v, = Dischar = g = 0.96 m/sec.

2 2
Velocity head = ;g‘- =05 —0047m

RL.of canal bed at 44 =212 m
" R.L. of water surface 44 = 212+1.5=2135m
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R of TEL at 4-4 = 213.5 4 0.047 = 213547 m

w[ . : J? \r 10m
H y
5 I
1 10m | 745m
mmp.. :
WA T 2B L AR e onse
213412 =0 ’ 233

n2164 211912 i

. 21187
Bed 2120m
(given)

Figure 824
At section 3-3

Assuming the constant depth of 1.5 m throughout the channel, we have
at3-3, arectangular channel,
‘Bed width=10m

_Q__ 32 _
Va..A_-ﬁ—gl X1, = 2133 m/sec.

2 2
vmmwm:‘%é:%}%:ozum

2
Loss of head in expansion = 0.3 (!%V:) = 0.3(0.232 - 0.047)

=0.055m
RL.of TEL at 3-3 = R.L. of TEL at 4- 4 + Loss in expansion
' = 231.547 + 0.055
= 213.602 m
R.L. of water surface at 3-3 = 213.602 — Velocity head
= 213.602 - 0.232
=21337m
RL. of bed at 3-3 = 213.37 — Water depth
=21337-15=21187m

_ Msection 2-2

Here, friction loss between 2-2 to 3-3 is given by;
; 272
H = n V4 L
R3
Where, 1 = 0,016; for concrete.

A_ 10x15 .
F-T——H T15% )-I.IS-Im
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H, = n2v L_ (O 016)” x (2. m) X745 _ 0072 m
R (1.154)3
R.L.of TELat 2-2 = R.L. of TEL at 3-3 + Head loss in trough
= 213.602 + 0.072 = 213.674 m
R.L. of water surface at 2-2 = 213.674 — Velocity head at 2-2
= 213.674 — 0.232
=213.442 m
R.L. of bed level at 2-2 = 213442 — 1.5 = 211.942m
At section 1-1
Here,
Loss of head in contraction transition from 1-1 to 2-2 = 02(V3- -V
=02x (0232
~0047)
=0.037m
RL. of TEL at 1-1 = R.L. of TEL at 2-2 + Loss in contraction
= 213.674 + 0.037
=213711m

. -RL of water surface at 1-1 = 213.711 — Velocity head
=213.711 - 0.047 =213.664m
R.L. of bed level at 1-1 = 213.664 — 1.5 = 212.164 m

iv) Design of fransition

a) Contraction transition
Applying Mitra's hyperbolic transition equation; we have,
Bn-By Ly
B L —x(Ba—By)

where, B,.. 20m

Bf 10m

Li=10m

B, 20 x10 x 10 2000 200
x = 20% 10— x(20—10) ~ 200—10x .20 —x
x (m) 0 2 4 6 8 10
200
0
B, = M —x 10 [11.11 | 125 | 14.29 | 16.67 2
where, x is measured from the flumed section.
b) Expansion transition
Here,
B, B+ Ly
E rf = x(Bp—
where, L; 15m.
B = 20x 10 x 15 _ 3000 _ 300
*=20x 15— x(20—10)  300—10x 30 —x

f:

] Chapter 8: Cross DrainogeSfmdurei 347
—
xm) | 0 | 2|4 |6 |8 [10]12]|14]15
= | 10 1171 1158| 125 |1364| 15 |1667|1875| 20
) "pesign of frough
03m Bridge
(.
FSLZ3Sm[[ Free board 16m
m—> «—S5m—>|1 _o4m
2075m
Figure 825
Here,
Depth of water in canal = 1.5m
Provide free board of 0.6 m; then,

Weight of trough =15+0.6 =21m
Divide trough in two equal compartments of 5 m each with following:
Intermediate wall = 0.3 m
Outer walls = 0.4 m
Bottom slab of trough =04 m

PROBLEM 11
Design a suitable cross drainage structure having following data:
Canal Drainage
full supply discharge = 32 Camecs  High flood discharge = 300 Camecs
fally supply level = 213.5 m High flood level = 210.0m
(anal bed level = 212.0 m Drainage bed level = 207.5m
(anal bed width = 20 m
Side slope of canal = 1.5H :V
Solution:
Here, the bed level of canal (212 m) is in higher level than the high flood level
o drainage (210 m) and Q.. » Q_ -
Hence, type ITl aqueduct is provided.
| Design of drainage waterway
Here,
Lacey's regime perimeter (P) = 4.75,/Q = 4.75v300
'=823m
Provide 9 clear span of 8 m each with pier of 1.5 m width.
Length of waterway =9 x8+1.5x8 =84m

) Design of canal waterway
See the solution of Q. no. 10 (Design of waterway)

‘[2014P.U.)
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i) Design of bed levels at different section
Al section 4-4 and section 3-3
See the solution of Q. no. 10
At section 2-2
Friction loss between 2-2 and 3-3 is given by;
_mViL
R
n = 0.016; for concrete
_A_ 15x15 _
and, R—T,--a Ti5%x2) =1.154m
2 2
, = Q016 x (7_133) X84 _ oo
: (1.154)3
RLof TELat2-2 =R.L.of TELat3-3 +Hp
= 213.602 + 0.08 = 213.682 m
R.L. of water surface 2-2 = 213.682 — Velocity head
=213.682 —0.232 = 213.45m
RL. of bed level at 2-2 = 213.45 — Water depth
=21345-15=21195m

Hy,

At section 1-1
Loss of head from 1-1 t0 2-2 = 0.2(V3 — V) = 0.2(0232 - 0.047)
=0.037
RL of TEL at 1-1 = R.L. of TEL at 2-2 + Head loss
=213.682 + 0.037 = 213.719 m
R.L of water surface at 1-1 = 213.719 — Velocity head
= 213.719 — 0.047 = 213.672m
RL of bed level at 1-1 = 213.672 — 1.5 = 212.172m

iv) Design of fransition
See the solution of Q. no. 10

v) Design of frough
See the solution of Q. no. 10

PROBLEM 12

Following are the data obtained at the crossing of a canal and drainage
Canal data Drainage data

Discharge = 50 camec Discharge = 400 cumec

Full supply depth = 1.6 m HFL=211.0m

Bed width = 35m Bedlevel = 208.5 m

Bed level = 210.3m General ground level = 210.5m

Sideslope=15H:1V

FSL at four different sections of the canal trough. [2072

Design the drainage waterway, canal waterway and find the bed levels a4
. or2 o)
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y]uﬁﬂﬂ:

] Design of drainage waterway
Lacey's regime perimeter (P) = 4.75,/Q = 4.75/400 = 95 m

(et provide 11 clear span of 8 m each and width of each pier is 1.5 m.
Total length of waterway = 8 x 11 + 1.5x 10 = 103 m

Let limiting velocity of water in drainage = 20 m/s
. . _ Q _ 400
Height of barrel required = Velocity x8X 11 = ZX8x T

povide 11 rectangular barrels each 8 m wide and 2.5 m height

=227m

. 400
Velocity through barrels = I5X8 XTI = 1.82m/s (OK)

‘Desfgn of canal waterway
Normal bed width = 35 m
et the width is reduced to 15 m.
poviding a splay of 2 : 1 contraction; we have,
Contraction transition = 2 ; 152 =20m
Providing a splay of 3 : 1 expansion transition,
Length of expansion transition, = = > B %3=30m
t.ength of flumed rectangular portion is = 103 m
Ihtransitions side slope of canal section is warped in plan from original slope
of15H:1V to vertical.
i) Bedlevels and FSL at different sections of canal

1 2 3 1
ﬁﬂ] —_— E — i — tlSm _> — E —

: = 1068 m 4& :

1 2 3 4

At section 44
_Q_ Q - 50 . =16 eiv
Vi =A=BF15yy (F+15x16)16 ly =16 given]

= 0.83 m/sec.

2 a2
Velocity head = -2\% = (0119536) =0.035m

R.L. of canal bed = 2103 m
RL. of water level at4-4 =2103+16= 2119m
RL.of TEL at 44 =211.9+ 0035 =21193m

At section 3-3
Assuming depth of water is constant = 1L.6m

At section 3-3 section is rectangular
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-
Velocity at 3-3 (V5) = % = ]';J:}ll.f; = 208 m /e,

7 7
AN
Velocity head = ;ﬂ’ = (?I‘T(g' =0221'm

v,V
Loss of head in expansion form 3-3 10 4-4 = 03 (-—39,_—1)

= (0.3(0.221 — 0.(r35)
= (L0558 m
R, of TEL at 3-3 = R.L. of TEL at 4-4 -+ Loss in expansion
= 211.935 4 0.0558
=211.%9m
R.L. of water surface at 3-3 = 211.99 — Velocity head
=211.99 - 0221
=211.77 m
RL.of bed at 3-3 = 211,77 = 1.6 = 21017 m

At section 2-2
Friction loss between 2-2 and 3-3
_ n?V?|,
W, ==——
R3
where, n = 0,016 for concrete
A 15%x16 .
R=p=mronTe = 192m

(0.016)x (2.08) x 103
' ll‘ = A

(1.32)3
RLof TELat 2-2 = R, of TEL at 3-3 + 11},
= 211,99 + 0.078 m
= 212,068 m
R.L. of water surface a1 2-2 = 212,068 — velocity head
= 212,068 — (.221
=211.847 m
R.L. of bed at 2-2 = 211,847 — 1.6 = 210.247 m

At section 1-1
' v2 -2
Head loss in contrac 1-1 -2 = ().
w8 in contraction frc_)m 1-1 to 2-2 2(—22———1’; )

= 0.2(0.221 - 0.035)
=(.037 m
R.L.of THL at1-1 = R, of TEL al 2-2 + Head loss
= 212,068 4 0.037 = 212.105m
R.L. of Water surface at 1-1 = 212,105 = Velocity head
= 212,105 ~ 0,035 = 212,07 m
1L of bed at 1-1 = 21207 ~ 1,6 = 21047 m

= 0078 m

s
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ﬂOBI.EM 13
a suitable cross drainage (waterway, bed levels at different sections
t’uuipaftrmsiﬁon-) works if the following data at crossing of canal
\pd drainage are given.
goal Drainage
g:“ll'/l Q=45m’/s
ydwidth = 30 m HFL = 207 m
gof canal = 1.6 m Bed level = 204.5m
’ﬂlﬂd=206.4m General ground level = 206.5m
t 1
:gulape=15H:1v [2072 Magh)

Ylution:
e, form the question, bed level of canal is below the HFL of drain and FSL.

danal (2064 + 1.6 = 208 m) is higher than HFL of drain 207 m so siphon
,;wduct is provided as cross drainage works.

j pesign of canal waterway
Lacey's regime perimeter (P) = 4.75,/Q
=4.75V45 = 3186 m
¢ provide 4 clear spans of 8 m each and width of each pieris 1.5 m.
Total length of waterway =8 x4 +3x15
=365m
le, Limiting velocity through siphon barrel = 2 m/sec.

Height of barrel required = BT?_X—Z =0.703 m

fovide 4 rectangular barrels, each 8 m wide and height 0.75 m.
Actual velocity through barrels = gﬂ%ﬂ};

= 1.875 m/sec.

)| Design of canal waterway
Normal bed width = 30 m
ldthe width be reduced to 15 m
Velocity through trough = 1_5%6 = 1.67 m/sec. <3 m/sec. (OK)
fviding splay of 2 : 1 on the contraction,
Length of contraction transition = &-E—@ x2=15m
fviding splay of 3 : 1 in expansion,
Length of expansion transition = '30_5_!5 Xx3=25m

Length of flumed rectangular portion = 36.5m

Y Design of bed levels at different sections
Atsection 4-4

_Q___ o 0w |
Vi=R =05 [5y7y = (0T I5X 16716 -~ V772 m/sec
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12 34 | RLOfTELat22=RL.ofTELat3-3+H,
: : ! =208.064 + 0,018 m
— /'_ ) — | =208.082m
2 ¥ o —.tlﬁ mi e | R.L. of water surface at 2-2 = 208.082 — Velocity head
' TN = 208.082 — 0.142
. J65m ‘:1 =207.94m
' P 4 RL. of bed at 2-2 = 207.94 — 1.6 = 20634 m
o VR o) ey
Velocity head = Z;‘ =95 = 0.03 m - {  Atsection 1-1 e
R.L. of canal bed = 206.4 m Head loss in contraction from 1-1 to 2-2 = 0.2 (—z-z——lg )
:.t 0:;‘:.@ . lﬁlf 22(:): X ;géﬁ—zzigso;‘ = 0.2(0.142 - 0.03)
(V] at = +0.03 = 03m — 0024m
AL gection 3-3 RL.of TELat1-1 = R.L. of TEL at 2-2 + Head loss
Assuming depth of water is constant = 1.8 m = 208.082 + 0.0224
At section 3-3 section is reclangu]ar  =208105m
40 _ .
Velocity at 3-3, (V) = A BXi6 R.L. of Water surface at 1-1 = 208.105 — Velocity head
=1.667 m/ sec. = 208.105 - 0.03
= 208.075 m
V2 (.66
Velocity head = 2 = ( 19? =0142m R.L. of bed at 1-1 = 208,075 — 1.6 = 206475 m
V22
A ¥ Design of fransition
Loss of head in expansion form 3-3 to 4-4 = 0.3 (—a—z—g ) 2 - Contraction transition
= 0.3(0.142 - 0.03) Since depth of water is constant, the transition shall be designed on the
=0.336m | basis of Mitra's hyperbolic transition equation given by,
R.L.of TELat3-3 =R.L. ofTELat4—4+Lossmexpansmn . B. = xBnXB ;L
= 208.03 + 0.0336 Bo X L= x(Ba —By)
= 208.064 m where, B =15m
R.L. of water surface at 3-3 = 208.064 — velocity head B, =30m
= 208.064 — 0.142 Li=15m
=1207.922m Substituting the above values, we get;
i . 30 x 15 x 15 6750
R.L. of bed at 3-3 = 207.922 - 1.6 Bx = X T5=x@0=T5) = S—15%
=206.322m
: ; 450
At section 2-2 “30-x
Friction loss between 2-2 and 3-3 For the various of x lying between 0 to 15 m, values of B, are worked out
n2VL as shown in table.
Hy = Rg The distance 'x' measured from the flumed section 2-2,
n = 0016 for concrete | xm) ] o] 21468 w0]n]u]1
A ox16 b= | 15 [1604]17.27|1872|2042| 225 | 25 |280] 30
R=p=m572x1g - 12m . W )
b) Expansion transition
0.016)" % (1.67)° x 36.5 ' . pa .
4, = % L67) =0,018m ‘ Inthis case, we have,
(1323 *




| Complete manual of Irrigation Engineering (Bachelor of Engineering)

354
By =15m
B, =30m
Li=225m
30 x 15 x 22.5 675
B =3 x15—x30-15) 45—~
x (m) ol2] 46| 8 |10]12| 14 [16]18 20
B, = .4.0,?.7__5_X 15/15.7[16.46] 17.5 [18.25/19.3 |20.4| 21.75 [23.3| 25 | 77 m
PROBLEM 14
Following data are obtained at the crossing of a canal and drainage
Canal data Discharge data
Discharge: 25 cumec Discharge: 360 cumec
Full supply depth: 2.0 m HFL: 211.0 m
Bed width: 30 m Bed level: 208.5 m
Bed level: 210.3 m General ground level: 210.5m
Side slope: 1.5H : 1V
Design the drainage waterway, canal waterway and find the bed levels ang
FSL at four different sections of the canal through. [2073 Bhadra]

Solution: Proceed same as the solution of Q. no. 2

PROBLEM 15

Design the following components of a suitable C/D work for the following
data:

Discharge of canal = 50 m?/sec.

Depth of water in canal = 1.5 m

High flood discharge of drain = 450 m3/sec.
High flood level of drainage = 100.50 m
Bed level of drainage = 98.8 m

i) Design of drainage water-ways

ii) Design of canal water-way

iii) Design of transition and

iv) Uplift pressure on the roof

Solution: Proceed same as example 8.1 up to the step 7

PROBLEM 16

Design a siphon adequate with the data given below:
FSL of canal = 30m?/sec.

Bed width of canal = 24 m

Full supply depth =1.25m

Side slope of canal section=1.5:1 (H: V)

Bed level of canal = 100.00 m

Maximum flood discharge of drain = 500m?/sec.
High flood level = 100.50 m

Bed level of drainage = 98.00 m

Normal ground level = 100.00

Bed width of canal =30 m
Bed level of canal =100.0 m

General ground level =100 m

[2073 Magh)
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/ssilt factor = 1.0

sity coefficient (w) = 0.016

ke suitable data where necessary. [2074 Bhadra]
| ution: See 1he solution of example 8.1

508LEM 17

ﬂm {iteshort notes on different types of cross drainage works.

[2075 Baishakh

g,,[utinn: See the definition part 8.1

1{OBLEM 18

mﬁne cross drainage structures. Enlist the different types of cross
mlnlge structures. Which types of cross drainage structure is favourable
hi]lyn.rea of Nepal? [2076 Bhadra] |

; hluhon

rthe first and second part

4 the definition part 8.1

pase of third question, aqueduct or super passage is favourable cross
finage structures in hilly areas of Nepal for irrigation canal. However, the
gitability of cross drainage structure may depend on particular site condition
»d design requirement. ,

ROBLEM 19

hom the following data, select and sketch the suitable type of cross

(mnage structures and determine the drainage water way and canal
Tnlu way. [2076 Bhadra]

(anal data Drainage data

‘Pull supply discharge = 32 cumecs High flood digcharge = 303 cumecs
full supply level = 213.5m High flood level = 210.0 m

‘fmal bedlevel =212.0 m High flood depth=2.5m

355 :

{inal bed width = 20 m General ground level = 212.5m
Solution: Proceed same as the solution of problem no. 10 or 11

ROBLEM 20

'Umgn siphon aqueduct (Drainage water way, canal water way, Bed levels
uuln'annhons) if the following data at crossing of canal and drainage are
pm
i) Discharge of canal = 60 cumecs
Ii) Bed width of canal = 35 m

Full supply depth of canal=2m

S

{ Canalbedlevel =300 m

{l) Side slopes of canal =1.5H:1V

f) High flood discharge of drainage = 500 cumecs
? High flood level of drainage = 300.8 m

ih) Bed level of drainage = 298.2 m

unenl ground level =300.2 m

[

[2077 Chaitra] |

Solution: Proceed same as the solution of problem 4
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e

PROBLEM 21

Design drainage waterway, canal waterway and canal transitions of a cro,;
drainage works for a canal having discharge 56 m*/sec., bed width 24 ,,
full supply depth 1.98 m and bed level 267.00 m. The drainage has Mﬁ;
flood discharge of 425 m*/sec., high flood level of 268.20 m, general pyg

level of low water cross-section of 265.50 m, and general ground leve| of
267.2m. [2078 Baishaky)

Solution: Proceed same as the solution of problem no. 4

|, —
Iy OBJECTIVE QUESTION

N—
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| The type of canal alignment, which involves maximum cross ;iraimgz wiorks, is

a) Ridge canal v b)  Contour canal
¢ Canal regulator d) Canal crossing
» Whenanirrigation canal is taken over a drainage channel, the crossing is called
a) anaqueduct b)-  asuper passage
o alevel crossing d)  none of the above

An irrigation canal, freely flowing under a drainage channel is spedifically
alleda............ '

a) Canaljunction b)  Canal crossing

o Canalsiphon d)  Super passage

An irrigation canal flowing freely above the drainage, which in tumn is
following under pressure, is specifically, called a ............

a) Canal siphon b)  Canal aqueduct

¢ Siphonaqueduct d)  Super passage

The crossing arrangement, preferably made at the junction of a huge canal and
ariver stream carrying short lived-high flood discharge at almost equal bed
levelsisa ............

a)  Super passage b)  Aqueduct

o Level crossing d)  Canal siphon

The drainage water is sometimes allowed to join the canal water to augment
anal supplies through a hydraulic structure is called a ......... -

3 Canaloutlet b) Canalinlet

¢ Module d) Level cossing

* Acoss-drainage work is called siphon, when it carries the canal water ...
3)  below the drainage under pressure r

b) below the drainage at atmospheric pressure

0 above the drainage at atmospheric pressure
ln a siphon aqueduct, the worst condition of uplift on the roof accurs, when

2  the canal and drainage are flowing full
B  the canal is flowing fuel and there is no drainage discharge

0  the canal is empty and drainage flowing full
9  none of the above
' ha siphon aqueduct, the worst condition of uplift on the floor occurs, when

3 tge canal is full and the drainage empty, with water table at drainage bed
b the canal is empty and the drainage full, with water table at drainage bed

9 the canal and drainage both full
9  thecanal is full and drainage empty, with water table below the floor

* The dead loss through the siphon barrel is usually given by Unwin's formula,
L veglecting velodity as ...ooeees




358 | Complete manval of Irrigation Engineering (Bachelor of Engineering)

Ly V? ,
N, = (1 +f, +f; X K) 7 where, f; and f, respectively represent th,
coefficdient of head losses due to ............
a)  barrel friction and entry b)  entry and barrel function
)  barrel friction and exit d)  exit and barrel friction
Answer sheet
1 2° 1 8 4 -5 6 7 8 9 W0
b a d c c b a c a b

.'. /
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1 CHAPTER 9
| WATER LOGGING AND DRAINAGE

BREER
- mses, effects and preventive measure of water logging.....360
9.1.1 Causes of water logging..........cccocu.u... 360
9,12 Effect of water logging .................. 361
9.1.3 Preventive measure of water logging.... 362
9.1.4 Remedial measures of water [0gging...........cow..c. 363
47 Water logging and drainage of irrigated land....coccccvcccceen. 363
9.2.1 water [0ggiNg ..ccovvveervucrce. 363
9.2.2 Drainage.....cocoovciveisnirnrrrnisnnns 363
43 Surface drainage system and their design : 364
9.3.1 Surface drainage or open drainage ... 364
9.3.2 Internal drainage of bunded field 364
9.3.3 External drainage........c.cc..... 364
93.4 Design of shallow surface drainage 364

94 Sub-surface drainage system/tile drainage system and
‘ their design......cmmmmeeseeiacens 366
9.4.1 Layout of subsurface drainage system....eecmuucen 366

9.4.2 Flow of ground water to the tile drain and
spacing of tile drain............. 367
95 . Planning and design of ground water irrigation schemes....371
95.1 Exploration and development of ground water ......... 3N
9.5.2 Types Of Wl coooovvrrrirririicinicssssnssssesssnssssssssssssisnsssaes 31 2

N
NATER LOGGING

Acultivated land is called water logged if its productivity decreases due to

| Tse in water table. In fact productivity decreases when root zoon of plant get

looded with water and thus become ill-aerated.
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Plant requires different nutrients like nitrates, phosphate for their growth ang
development. Nitrates are provided by bacteria under a process called
nitrification. These bacteria need oxygen for their survival. The supply of
oxygen gets cut-off when land becomes ill-acrated, resulting death of bacteria
and fall in the production of nitrates. As a result, growth of plant reduces
which reduces the crop yield.

SALINITY

When water table rises up to the root zone of plant there is evaporation by the
capillarity, the salt present in water gets deposited in the root zone of crops.
The concentration of these alkali salt present in root zone of crop has
corroding effect on the plant which prevent growth and ultimately plants
fades away ,such soil called saline soil and phenomenon is called salinity.

91 CAUSES, EFFECTS AND PREVENTIVE MEASURE OF WATER
LOGGING

9.1.1 Causes of water logging

Water logging is rise of water table which may occur due to following factors,

i) Over and Intensive irrigation

Maximum irrigation over small area is called intensive irrigation. When

policy of intensive irrigation is adopted, then maximum irrigable area of a

small region is irrigated. This leads to much irrigation in that region. As a

result, heavy percolation and subsequent rise of water table occurs,

i) Seepage of water through adjoining high lands
Water from the adjoining high lands may seep into the sub-soil of the affected
land and may rises water table.

ilf) Seepage of water through the canals

. Water may seep through the beds and sides of adjoining canal, reservoir, elc.
situated at higher level to lower level land as a result water table of affected
area increases. When the soil at the site of canals, reservoirs, etc. is very
pervious, the seepage is excessive.

iv)  Excessive rains
Excessive rainfall may create temporary water logging and in the absence of
good drainage, it may lead to continue water logging.

v) Impervious obstruction

Water seeping below the soil moves horizontally i.e., laterally but may find an

impervious obstruction, causing the rise of water table on the upstream side
of obstruction. Similarly, an impervious stratum may occur below the top
layers of pervious soil. In such cases, water seeping through the pervious will
not able to go deep, and hence, quickly resulting in high water table.

vl) Inadequate natural dralnage

Soils having less permeable below the top layers of pervious soils, will not be
able to drain the water deep into the ground and hence, resulting in high
water level in affected soil,
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' submergence of floods

§’ 3land continuously remains submerged by floods, water loving plants like
| qusses, weeds, etc. may grow, which obstruct the natural surface drainage of
| jesoil thus increasing the chances of water logging.

di) [Irregular or flat topography

jr steep terrain, the water is-drained quickly. On flat or irregular terrain
| yving depressions etc. the drainage is very poor. All these factors lead to
ter detention of water on the land causing more percolation and raised

8 ﬂtﬂ' lable.

149 Effect of water logging
the water logged soils are rendered infertile because of ill effects of water

| pgging to the soil, to the crop and to the environment.

) Effects of soil
a) Llack of aeration
Due to the presence of excess water, soil pores within the root zone of
plants are saturated to cut-off the normal circulation of air. The
capacity of soil bacteria is affected resulting in retardation in the
formation of organic acids to dissolve plant food materials.

b) Reduced in soil temperature

Water logged soil is slow to warm up. Low soil temperature restricts
root development, depresses biotic activity in the soil resulting in
lowered rate of production of available nitrogen hampering seed
germination and seed growth. '

‘c) Creation of salinization

Capillary water coming to the surface brings up in the solution

harmful salts from the soil or these present in the ground water. Thus,

high salinization and deposits of sodium salts in the soil at or near the
_ ground surface are created which may be toxic or lead to the formation

of alkaline condition.

d) ' Inhiblting activity of soll bacteria
When soil structure is affected and tillage and cultivation of wet soil is
‘resotted to, which tends to reduce normal biotic activity and root

development.
e) Denitification

Denitrification occurs because of the competition for nitrogen by the
soil micro-organisms that thrive in saturated soil and reduction in

numbers of nitrifying organisms due to lack of aeration.

f) Retards cultivation
Difficulty in carrying out normal cultivation in water logged soil.

) Effects of crops

a) Delayed cultivation operation
Normal cultivation operations of tilling and ploughing are adversely

effected due to presence of excess water in the soil.
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b) Growth of weeds

Water loving wild plants grow profusely and have competition with
the crops, thereby affecting the growth of useful crops. Weed remaval
entails extra investment on the part of cullivator. In extreme water
logged condition, only wild growth is there.

c) Diseased crops
Water logged condition causes physiological diseases to crops. Decay
of roots, external symptoms on the foliage, fruits, etc. are common.

d) Loss of cash crop
Cash crops desired to be grown in the land cannot be cultivated. High
sub soil restricts the use of land to crop like paddy.

e) Lowyield
Maturity period of crop is reduced resulting in low yield.

f) Oxygen depletion

In saturated soil, plant roots are denied normal circulation of air, the
level of oxygen declines and that of carbon dioxide increases resulting
wilting and ultimately death of plants.

ili)  Effects on environment

Water logging impairs sanitary conditions, promotes malaria and there by
result in unhealthy environment for human population, animals and plants in
the area.

9.1.3 Preventive measure of water logging

Water logging can be controlled only if the quantity of water into the soil
below checked and reduced. To achieve this, the inflow of water into the
underground reservoir should be reduced and the outflow from this reservoir
should be increased as to keep the highest position of water table at least
about 3 m below ground surface. The various measures adopted for
controlling water logging are enumerated below:

)] Preventive measures

Preventive measures envisage reduction of inflow into the sub-soil water. The
various measures in this context are as follows:

a)  Reducing intensity of irigation

In areas where there is a chance of water logging intensity of irrigation should
be reduced.

b) Adopting crop rotation

Sowing of wet crops (requiring more water) in every season should be
discouraged. A wet crop should be followed by a dry crop i.c., crop rotation
should be adopted.

c) Optimum use of water
_ Farmers should be educated and trained in using just the required quantity o
water, which will give optimum yield.
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d)  Providing intercepting
To collect water seeping through the sides of canal intercepting drains shall be
provided in the banks of canal.

e) Improving natural drainage of the area

The storm water and excess irrigation water should be effectively drained off
to reduce their percolation into ground water reservoir. This is achieved by
improving the natural drainage of the area by measures like clearing the
obstruction in path of flow, desilting, etc.

f) Provision of artificial drainage system
An efficient drainage system in the form of surface drains shall be provided to
drain off storm water and surplus irrigation water.

g) lining of canals and water courses
To control the seepage through bed and sides of canal passing through
pervious soils, canals should be lined with impervious materials.

h) Infroduction of lift irrigation

Lift irrigation should be introduced in the place of canal irrigation, in places
where there is a possibility of water logging. Lift irrigation utilizes
underground water and hence maintain the water of a lower level.

9.1.4 Remedial measures of water logging

i) Controlling the loss of water by seepage from the canal.

i)  Providing adequate surface drainage.

iii)  Providing efficient under drainage.

iv)  Charging irrigation tax on volumetric basis.

Conjunctive use

The combined use of sub surface water (ground water) and surface water

" (canal water) in a judicious manner, as to deceive maximum benefits, is called

conjunctive use of water.

82 WATER LOGGING AND DRAINAGE OF IRRIGATED LAND

9.2.1 Water logging

A cultivated land called water logged if its productivity decreases due to rise
in water table. In fact productwm decreases when root zoon of plant get
flooded with water.

9.2.2 Drainage
Process of removing and controlling excess water either on the surface soil or
in the root zone beneath the soil called drainage. .

Necessity of effective drainage system

a To remove excess water

a For drain out storm water effectively and to prevent graat percolation
Types of drainage system

0  Surface drainage system

»  Shallow drainage system
»  Deep drainage system
0 Sub-surface drainage system
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9.3 SURFACEDRAINAGE SYSTEM AND THEIR DESIGN

9.3.1 Surface drainage or Open drainage

The removal of excess rain water falling on the field or the excess irrigation
water applied to the field, by constructing open ditches fields drain, and other
related structure is called surface drainage. There are two types of surface

drainage system.

1) Shallow surface drain

u) To remove the excess irrigation water
() To remove storm water

o Trapezoidal in shape
n] Manning and Kutter's formula used in design of shallow surface drainage

i) Deep surface drainage _
They are relatively deeper than shallow surface drains and are quite effective
for draining out subsoil water. These drains are,commonly used as outlet
drains for a close drainage system.
o Dug up to level of ground water table
n) In draining out water logged area
Layout planning for drainage
As far as possible open drains should be located so as to follow the path of
natural drainage of the area. All the open drains should discharge into an
outfall drain which is either a large open drain or a natural stream. The
location of outfall drain can be adjusted to give the required bed slope to the
open drain.
9.3.2 Intemal drainage of Bunded field

" Design discharge of excess rainfall from bunded area (field) is called internal
drainage.
9.3.3 Extemal drainage
It is used for design of culverts and hydraulic structures.

9.3.4 Design of shallow surface drainage
There are different assumption to design the drainage system in Terai and
Hilly region of Nepal.
Assumption for Teral region
Rain fall 5 years to 10 years return period should be considered.
Initial water level in field should be considered as 40 mm.
Maximum water level is 300 mm which persist for one day.
Depth in excess of 200 mm may persist for 3 days.
No rain fall follows the design rainfall for several days
(more than 3 days)
.0 Evaporation and transpiration is neglected.
o Irrigation inflows are neglected.
In the given figure;
P3 = Yearly maximum rainfall for consecutive 3days @
Then, from water balance (W.B.) equation 'Q"; Figure 9.1

Rainfall Py

QOoaooo

~
{
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A
| Pyxt

where, Q is the outflow in mm/day.

mmple 9.1
| Pesign the surface drainage for the ﬁeld having rainfall intensity of P; =
I45!) mm, for the area of 30 ha.

sy
Solution:
’ First trail Q = 50 mm/day (drainage discharge)
: il h=40+-3— P‘ xt -Qx

' |pay |Initial depth(mm) E_,} Q Final water depth

, :

4 1 40 150 |50 | 140=40+4+150x1-50x%1
2 © 140 150 ({50 |240=1404+150x1-50x1
3 240 150 | 50 340

| Here, water depth > 300 mm, second trail is required.
Here, 'h' is greater than 300 mm, but theoretically 'h' should not greater than
30 mm. So, next trail required. To meet our requirement 'Q" should be
increased and h may tend to 300 mm.

Second trail, Q = 75 mm/day

Day |Initial depth %2 Q | Final water depth
1 40 - 150 | 75 | 115=40+150-75
2 115 150 | 75| 190=115+150-75
3 190 150 | 75 | 265=190+150-75

K3 265 - |75 190 =265-75
5 115 - |75 115=190-75

Here, no-water depth greater than 300 mm.
Depth excess of 200 mm occur in one day so, theoretically this design is ok but
tneconomical so, take next trail Q = 65 mm/day.

Day | Initial depth 1’3: Q| Final water depth
1 40 150 | 65 | 125 =40+ 150 - 65
2 125. 150 | 65 | 210 =125 + 150 — 65
3 210 150 | 65 | 295 = 210 + 150 — 65
4 295 - |65 230
S |7 .230 - | 65 165

Here, water level greater than 200 mu occur for 3 days.
:‘°Water depth greater than 300 mm.
fence, design is ok, and also economical.
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Hence, design discharge is 65 mm/day.
If arca, A =30 Ha

Q=AxV
_30x10" x65x107 _ 3
o Q=% - 026m fsee.

Assumptions for hilly region

O Rain fall for 5 or 10 year return is considered.

Initial water level in the field should be considered as 40 mm for dcsign,

No rain fall follows the design rain fall for several days.

Evaporation and transpiration losses are neglected.

Irrigation flows are neglected.

If Py= ma{(imum yearly ra.infall Py == A
Q = Drainage discharge in mm/day Q (mm/day)

Now, using W.B. equation; we have,
40+P-Q=100

.Design criteria of surface drainage channel

Bed slope should be 1:300 to 1: 500

Velocity v < 0.85 m/sec.

B/Dratio 4 : 1 (irrigation)

B/Dratio 3: 1 (drainage) ‘

Capacity of drain should be designed for storm water crop sustainability
The drain alignment should follow natural drain as far as possible

ooaQoa

Figure 9.2

ooooaan

94 SUB-SURFACE DRAINAGE SYSTEM/TILE DRAINAGE SYSTEM

AND THEIR DESIGN
9.4.1 Layout of subsurface drainage system
The tile drain may be aligned in different fashions depending upon the
topography of the area. Generally, laterals runs through most of the drainage
area and join the mains which in turn into some deep open drain. The depth
of deepest tile drain shall be kept within the range of 3 m from the surface.
Various system of laying surface drainage is as follows (or lay out planning)
1) Natural system

O  Itis preferred in rolling terrain. Main
0 Topography where drainage of isolated area Laterd
required: ¥

O This system is suitable when the land is not to be
completely drained.

0  This system is quite flexible and permits location
of drains where they are most needed.

0  In this system main and laterals are provided in natural coirsé:

Figure93.

i) Grid iron system
0 Itis useful in leveled land.
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g Itconsists of lateral and sub main.
g The laterals are provided in only one side of main.
o This system is adopted when land is practically level.

Lateral

Main
Figure 94

) Herring bone system

0 Lateral join the sub main each side alternatively.
0 This layout is adopted when the main (or sub
main) is laid in depression.
0 The land along the main is double drained, since it
. exists in depression.
O It requires more drainage than land on the
adjacent slopes.

&

\
Figure 95

E‘.

)y Double main system L/ums
O Having two main with separate lateral for each. N ,r/
O This layout is adopted when bottom of \, /

depression is wide. /
O This arrangement reduces the length of the /
laterals and eliminates the break in slope of yMain

lateral at the depression. Figure 95

U} Intercepting drainage system
0. There is no lateral drain.
0 A sub-main is provided at the toe of slope.
0 Adopted main source of drainage in hilly region.

Figure 9.7

94.2 Flow of ground water to the tile drain and spacing of tile drain
Depth and spacing of drain pipes

The depth and spacing of the sub-surface drain pipes should be sufficient to
lower the water table from the root zone of the plants. For most plant the top
pint of the water table must be at level 1.0 to 1.5 m below the ground level.
The distance may vary from 0.7 to 2.5 m depending upon soil type and type of
Cmp.

The tile drain may be placed at about 0.3 below the designed highest level of
the water table. The flow of ground water is as shown in the figure.
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For spacing

Let, 's' be spacing of drain pipe, 'a' be depth of impervious stratum. Let'y' b
the height of impervious stratum at 'x' distance {rom center of drain, 'b' be the
maximum height of water table from stratum.

R X
_3_ Impervious strata
Em—
' S - S |
< < 1
Figure 9.8: Spacing of tile drains
From Darcy law, ‘
Q=KxIxA
Discharge per unit length of the drain passing section at'y' (qy) is given by;
d
q, = kgy
e g face to be small 3 = 9¥
Assuming mchnahon.o water surface to be small 5= = =&
d
q= ka%y . (1
Whenx =3
q,=0
Whenx=0;
q, =7
=3_3,x
or, q)‘ a g X 3
-2
(8—2x) ()

or, q,=qQX—
From equation (1) and (2); we have,
s — 2x d
q, xS =kxyx g

On integration; we gel,
(s —2x :
[ ks )dx =[ydy
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1 q!sx-2x2! , '
i
=¥ 4cC

W =%
' yhenx =0;
y=a *
—--il2 ‘
Co=rgm .
[ og(sx—23) y2 a2
| o %ks 272
i s
Whenx =73
vy _(#-)
o 9XSXFTEXsx2 | 2
qXxs
or, 4_k =(b2-_az)
41.<(b2—a2)
woS=T— g
Again;
q = s X Drainage recharge (rain fall)
2 _ 2 _ 2 1
§'=4k (b )xRecharge (Re)
Rvis annual average precipitation (Pa4); then,
- 4k (b° - a?
Sz=8.64x106xg

’ AA

formula for steady flow

Smooth flow (Q) = 50d>7:07

Corrugated pipe (Q) = 224>%{0%
formula for unsteady flow

Smooth pipe (Q) = 894%7{57

Corrugated pipe (Q) = 884>{*>
bample 9.2
Design a suitable subsurface drainage 250 m X 900 m plot .The depth of|
impervious layer is 10 m. The root zone depth is 1 m.
The drainage recharge is 5 mm/day. .
Saturated conductivity = 2,5 m/day and slope of drainage is 1 :100.

Solution:
Here, )

a=87m
b=90m _ ‘
R =5 mm/ day = 0.005 m/day
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K =25m/day
.4k (b: - a:) 4% 25 x{(9)" - (8.72))

But, S'=—p—= 0.005 =10
Adopting s =100 m

Q =100 x 250 x 5 mm/day = 0.00144 m®/sec.
For unsteady flow;

Smooth pipe (Q) = §9
or,  0.00144 = 89d>"'i* = 894> x (2.5)°
or, d=0.045m =45mm

3

71.055
q271;057

1.0m
10m
o 87m >|
Figure 9.9

Example 9.3

Determine the size of a tile outlet of a 6 hectare drainage system if the D.C.
is 1 am and the tile grade is 0.3%. Assume the rugosity coefficient for the
tile drain material as 0.011.

Solution:

1 cm coefficient of discharge means that lem of water from an area of 6

hectares entering the tiles per day.
Volume of water passing drain in 1 day = (%E) = 600 m’/day

1
Q=gggm/sec.
Now,
2
_1xAxRIxs”
Q=iZAXXS
For circular drain pipe of diameter 'D'; we have,
2
P=mnD
R=2

2 . 05
o = (o) < () * @ * (&)
On solving; we get,

3
D = (0.00447)8 = 0.132 meter = 13.2 cm
Adopt 15 cm diameter pipe which is available in market.
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i aamp'& 9.4
| (itile drainage system the drainage is with their centers 1.5 m below the

ound level. The impervious level is 0.9 m below the ground level and the

' |jverage annual rainfall in the area is 80 cm. If 1% rainfall is to be drained

in 24 hrs to keep the highest position of the water table to 1 meter below
\he ground level, determine the spacing of the drain pipe. Coefficient of

; 'mneability may be taken as 0.001 cm/sec.

' Solution:
| We have,
i _ %Pan .
9= 32 x 3600) % (S x 1) cum/m length of drain
1 80y (Sx1) 4 .
9= (700) * (fo0) * ‘200 ™ /s/m length of drain pipe
085S 4 A
=——=___m3/s/m length of pi (b))
1= 861 x 109 /o/m length of pipe
Again; we have,
4k (b* - a2
S= '——‘—~( q ) ()
where, b is the height of water table above impervious layer=9-1=8m.
ais depth of impervious stratum below center of drains =9-15
=75m
k=0001 cm/s = 53088 m/sec.
From equation (1) and (2); we get,
8y’ — (7.5
Sxq=4x0.001x o 1 73
: 2 2
085 [®° - @57
o, Sx———=4x0.001
) (8.64 x 10°) 8 X100
o, SP=3348
or, S= 57.86 m
05 PLANNING AND DESIGN OF GROUND WATER IRRIGATION
SCHEMES ‘

95.1 Exploration and development of ground water

When rainfall occurs, some portion of rainfall is lost in the form of
®aporation, interception, depression on the ground, etc. The remaining
rinfall water enters into the ground surface directly or after passing a certain
distance. The entrance of rain water into the ground is known as infiltration.
The movement of water after entrance is known as percolation. The portion of
ninfall percolates in the ground and is stored as ground water at hard
Sratum. This ground water percolates through the soil and appears again at
the surface in the form of spring or dry-weather flow of streams. The water
ble of underground water generally corresponds to water level of stream,
Mvers and sea depending upon their position.
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9.5.2 Types of well
Wells are the vertical holes made below the ground surface to the top. There
are two types of well in common which are as follows:
i) Shallow wells
These are the well dug in the uppermost layer of the earth and obtain their
water supply from the sub-soil water table. These are very suitable for
supplying water in rural areas or for only a portion of a town. Not only the
discharge of these wells is less but also the quantity of water in this case js
poor. )
i Deep wells
These wells are drilled to an aquifer below an impervious stratum. As the
water travel a long distance from the out crop to the site of the well, it gets
purified due to natural filter of soil particles. The water is usually hard as it
contains dissolved salts in it. Bore holes may be done either by percussion
boring or rotary boring depending upon the nature of soil. A strainer is
provided for the entire depth of the porous stratum to exclude sand and to
admit water.

ﬁ —

Shallow well
Impervious su—.;t{lm:
e ” Deep well
W Impervious stratum

Figure 9.10: Different types of wells
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¢6 WORKED OUT PROBLEMS

ROBLEM 1

perive the expression for subsurface drainage. ]
{ %lution: See the definition part 9.4.2

 ROBLEM 2

' Write down the causes and effects of water logging. Explain methods of
| redamation of water logged area.

! Solution:

| (auses and effects of water logging

' see the definition part 9.1

| 1and reclamation

| Restoring the productivity and fertility of the land which has became
unculturable or has suffered a reduction in the crop yield because of water
logging, salinity, etc.

Before starting the reclamation process, it is necessary to properly level the
lind surface so that uniform reclamation is achieved. Land reclamation is
done by adopting one or more the following methods.

) Drainage and lowering of water table

In general, the water logged land is considerably improved by adopting
various drainage methods and lowering the water table. The source of water
which is causing water logged should be located, and suitable measure
should be adopted to check the flow from that source. If water logging is
aused by underground water, the source should be cut off by constructing
itercepting drains. If water logging is caused by surface water suitable
surface drainage systems should be adopted.

) Lleaching

Leaching is the process in which land is flooded with an abundant quantity of
water to a depth 15 to 25 cm over the surface. The excess salts are washed
down from the land surface to the ground water, provided the water table
had already been lowered to a safe limit. This process is continued till salt in
the surface layer reduced to a safe limit. Leaching operation can be repeated
ilter 4 to 5 years, if necessary.

i) Use of chemicals
Chemicals are sometimes added for reclamation of lands. Gypsum is most

ommonly used chemical for alkali soils, Sodium carbonate in the soil is easily
rmoved by spreading gypsum on the land at rate of 2 tonne/ha before

leaching. Calcium carbonate is also sometime added. However it is les
effective than gypsum. The low solubility of gypsum results in better activity
than that in calcium chloride,

Sometimes sulphuric acid is also applied to the land. The top 20 cm soil layer
s usually treated with 1 to 5 percent solution of sulphuric acid to neutralize
Alkalies in the soil. It improves growth of plant. Acid-forming fertilizers are
so effective.
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iv) Adoplingrice cullivation

Salinity of land is reduced by rice cultivation. In rice cultivation, the large
depth of water over land leaches the salts and keeps them at a safe depth
below surface. Rice cultivation also causes reduction in the alkalinity of the
soil. The roots of rice plants produce carbon dioxide which lowers the p!
value, increases the percolation and brings the exchangeable ﬁudiu'm iong of
soil into solution. However, during rice cultivation nitrogen in soil jg
decreases. To compensale the nitrogen in the soil, a leguminous crop such ag
gram should cultivate in next Rabi season.

v) Crop rotation )
Salinity of soil can be further reduced after leaching by adopting crop rotation

in which rice or maize is introduced. The following two crop rotations are

commonly adopted.
a) Rice in rotation
1. Rice-Wheat moong-rice

2. Rice-Senji-Sugarcane-rice
3.  Rice-berseem-rice

b) Maize in rotation

1. Wheat-maize-berseem-cotton-wheat
2. Wheat-maize-Senji-wheat
3. Wheat-maize-rice-wheat

vi) Green manuring

A crop called Jantar is generally used as green manuring crop. It has rapid
growth in saline and poorly drained soil. Other green manuring corps is San,
Senji, Gaura, Berseem, etc. .

Green manuring also improves the structure of the soil. It releases the organic
acids which lower P" value and add nitrogen to the soil.

vii) Addition of agricultural waste products

The salinity of the soil can be reduced by adding agricultural waste products
such as ground nut hull, saw dust molasses with limit sludge, distillery waste,
sunflower hull, tamarind seed power, etc. Molasses alone are not effective for
the reclamation of alkali soils. However, when combined with lime sludge:
they are quite effective. Distillery wastes are acidic and quite effective in
reducing alkalinity and in replacing sodium with calcium,

vill) Use of argemona plant ,
Argemona is a plant which grows on the waste land. The plants are highly
acidic and can be effectively used to reduce the alkalinity of the soil.

Ix) Electro-dialysis

Electro-dialysis can be used to reduce the alkalinity of the soil. When an
electric current is passed through the soil, it renders it porous and permeable.
Hence, the infiltration rate is increased and soluble salts are washed out. Thi
method is expensive and can be used where cheap power is available.

x) Use of processed coal
The alkalinity of a soil can be reduced by addition of a small quantity of

processed coal to the soil.
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| [ROBLEM 3

' fhat is water logging? Write down its causes, effects and preventive

i neasures of water logging.

folution: See the definition part 9.1
JROBLEM 4

The annual rainfall in Biratnagar is 2000 mm. Pind the spacing of sub-

mrface drains if 2% of average annual rainfall is to be drained in 2 days.

Depth of impervious stratum from the top of soil surface = 12m

position of drains is 2 m below the top soil surface and the depth of highest
of water table below the top soil surface=1.5m

permeability k = 1 x 10™* m/sec.

Solution:
% of P
=0 " "AA
q= Bme XxSx1

where, P55 = average annual rainfall
S = Spacing of drain
q = Total discharge per unit length
oG9
9= 5535 %300 X S X 1m*/s

= 231485 x 1077 m?/s/m (length of tile drain)
Again; N
- 4k (bz- az)
Spacing (S) = —q
Here,

b = Depth of water table above the impervious layer
=(12-15m=105m
d = Depth of impervious stratum below the centre of the drains
=12-2=10m
k=1x10"" m/sec.
Now,

g 4X1x107 x[(10.5)° - 107}

1
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or, Sxq=4Xx 107

Substituting value of 'q' from equation (1); we gel,
Sx231485% 107 =4 x 107

or, S%=1728011

or, $=13145m

Hence, spacing of drain pipe is 131.45 m.

PROBLEM 5

Design a surface drainage for a field of 40 ha area in Terai with following
data. Design maximum yearly precipitation for three consecutive days =
50 mm, longitudinal slope of channel 1 : 400, Manning roughnes
coefficient 0.025, Maximum water level is 300 mm which may persist pey
up to one day and depends in excess of 200 mm persists for up to 3 days,
Assume other suitable values if necessary. ‘

Solution:

Here,

Maximum yearly precipitation for 3 day is 50 mm, which is not reasonable,

So, assume maximum yearly precipitation (P3) = 450 mm
Assume initial water depth = 40 mm
Out let discharge (Q) =50 mm/day

Now, using water balance equation (W.B.); we have,

h=4O+P-33xt—th

Day | Initial water depth % Q | Final water depth
1 40 150 | 50 140
2 140 150 | 50 240
3 240 150 | 50 340
4 340 - | 50 290
Here,

Water depth (h) > 300 mm, so second trail is needed.
Theoretically 'h' should not greater than 300 mm.
To meet our requirement 'Q' should increased and 'h' may tends to 300 mm
Second trail

Q =75 mm/day
Day | Initial water depth %1 Q | Final water depth
1 40 150 | 75 115
2 115 150 | 75 190
3 190 150 | 75 265
4 265 - 75 190
5 190 - 75 115

E |

E
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Here,

No water depth > 300 mm
pepth excess of 200 mm occurs only in one day.
theoretically this design is ok but uneconomical.
%, take next trail.

Q =65 mm/day

P
Day | Initial water depth %2 Q | Final water depth

1 40 150 | 65 125

T2 125 150 | 65 210

3 210 150 | 65 245

4 245 - |65 230

5 230 - | es 165

Here, water level greater than 200 mm persist for 3 days.

No water depth greater than 300 mm. Hence, design is ok and economical.
Design discharge (Q) = 65 mm/day

Here,
Area (A) =40 ha
Q=AvV

_40x 10" x65x107° . g e e B
o, Q= 24 % 3600 . [1ha—10 m.lday-—.Jx}oOOS]

Q =0.301 m?/sec.
Given that;
Bed slope = 1: 400
Manning roughness coefficient (N) = 0.025
Assume side slope =1:1 '
Bed width to depth ratio (B: D) =3:1

Now,
1_ A3Sh
Q=gx—7
P3

where, A = BD + D? = 3D x D + D* = 4D?
P=B+2v2D = (3D +2v2D) =5.828 D
Now,

5
2\1
0301 = i 5w
Wil =g X3
(5.828 D)}
Onsolving; we get,
D=0224m
Take available size D = 0.3 m
hd, B=owa ~
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PROBLEM 6

Find the spacing of tile drains for an area having average annual rainfall of
1350 mm, if 1% is to be drained in 24 hours. From ground level depth of
impervious stratum =8.75m; depth of drains =2.1m and depth of
highest position of water table = 1.2 m. Coefficient of permeability may b,
taken as 0.001 cm/ sec. [2069 Poush)
Solution:

Ground

Given that; -
Drained % of annual rainfall = 1%

Time = 24 hrs "

Depth of impervious stratum = 8.75 m

Depth of drains = 2.1 m

Depth of highest position of water table = 1.2 m
© Coefficient of permeability = 0.001 cm/sec. = S0t m/ sec.
We have,

1 ,.(1350
* (1on)

% of P 100 -7
q === A8xSx 1= gy~ XS x 1 =15625x10 xSx.I U

time
=1.5625% 1077 xS x 1 m?/s/m length of tile drain
Again,
b=875-12=755m
a=875-21=665m
Now,

4k (bz- az)
Spacing (S) = 3
or, Sxq=4x200lx (755" - 6,65?)
or, Sxq=5112x10""
Substituting value of 'q' from () to (il); we get,
Sx1.5625x 107 =5.112x 107
or, S%=23271.68
or, $=572m
Hence, spacing is 57.2 m.

@
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fROBLEM 7

gstimate the internal drainage discharge in 1/s/ha from bunded rice fields
st Janakpur area for 10 years 3-day design rainfall 350 mm. Assume
gecessary data suitably.

Solution:
Given that;
P; =350 mm
%1= i? =116.67 mm
Assume;
Initial water depth = 40 mm
Q =50 mm/day
Then from water balance equation; we have,
First trall .
Day | Initial water depth %1 Q | Final water depth
1 40 116.67 | 50 106.67
2 106.67 116.67 | 50 17334
3 173.34 116.67 | 50 240.01
This design is not economical.
Second frail
Q =45 mm/day
Day | Initial water depth %3- 1Q Final water depth
1 40 116.67 | 45 116.67
2 116.67 116.67 | 45 183.34
3 183.34 116.67 | 45 255.01
4 255.01 - 45 210.01
5 210.01 - 45 165.01

Here, no water depth greater than 300 mm
Depth excess of 200 mm occurs in 2 day. So, theoretically this design is ok, but
for économical design, take; Q = 40 mm/day

Trall third

Ey Initial water depth %’- Q | Final water depth
| 1 40 116.67 | 40 116.67

2 116.67 116.67 | 40 193.34

3 193.34 116.67 | 40 270.01

4 270.01 - |40 230.01

S 230.01 - |40 190.01
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Here, water depth greater than 200 mm occur for 2 days. No water depgy
greater than 300 mm. Hence, design Is ok and also economical,
Hence, design discharge 40 mm/day
Q=40 mm/day = 0.04 m/day
Tha _ 0.04 i om?
Q = gei™/see. X Ty = goaon X 10" s/

= 4.631/sec./ha

PROBLEM 8

Determine drainage rate in I/s/ha required to meet following conditions
for healthy growth of rice paddies in bonded fielded in Terai of Nepal,
Initial water level in filed = 50 mm

Maximum water level is 400 mm which may persist for up to one day
Depth in excess of 250 mm may persist for up to 2 days

No rain follows the design rainfall for several days

Neglect ET and deep percolation losses

Design 3 day rainfall in 400 mm

Solution:

Given that;

Initial water depth = 50 mm ‘
Maximum yearly rainfall (P3) = 400 mm

%1 - g_gg =133.33

Now, from water balance equation

h = Initial water depth + %3 xt—Qxt

Assume,
Q =50 mm/day
Trail 1
Days | Initial water depth %1 Q | Final water depth
1 50 133.33 | 50 133.33
2 13333 133.33 | 50 216.66
3 216.66 133.33 | 50 299.99
4 299,99 - 50 249.99
Here, depth greater than 250 mm exists only for one day. So do next trail.
Trial 2
Q = 45 mm/day
Days | Initial water depth %1 Q | Final water depth
1 50 133.33 | 45 138.33
2 138.33 133.33 | 45 226.66
3 226.66 133.33 | 45 314.99
4 314.99 - 45 269.99
5 269.99 - 45 224.99
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Here, depth gredter than 250 mm exists for only one day.
This design is ok but uneconomical,

Again, take Q = 40 mm/day

frall 3
Q=40 mm/day
pay | Initial water depth %1 Q | Final water dépth

1 50 133.33 | 40 143.33
2 143.33 133.33 | 40 236.66
3 236.66 133.33 | 40 329.99

4 329.99 - |40 289.99
5 289.99 - 40 249.99

Here, depth greater than 300 mm exist for only one day and depth greater
than 250 mm persists up to two day and no water depth greater than 400 mm.
Hence, design is ok and economical.
so, Design discharge (Q) = 40 mm/day
40x 107
Q= W“‘/ gec,

40x107°
Wm/scc XT

= ﬂ%%(z%%-— % 10" m?/sec./ha [+ 1ha=10'm?]

= Béﬂﬁmﬁ m?®/sec./ha

_H‘g%%jxwoo 1/sec./ha [+ 10001=1m]
=463 1/scc./ha

PROBLEM ¢
Determine the discharge of drainage channel in I/sec./ha, designed to meet
following condition for the growth of rice paddies in bunded fields in
plains of Nepal.

Initial water level in field = 30 mm

Maximum water level is 250 mm which may persist for up to one day

Eth in excess of 200 mm may persist for up to 2 days

No rain follows the design rainfall for several days
Design 3 days rainfall in 300 mm
Solution:

Here,
3
-31 g =100 mm
Initial water level = 30 mm
Assume Q = 20 mm/day
From water balance equation; we have,

[2070 Magh]
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h = Initial water depth + %1 xt—=Qxlt

Day | Initial water depth -%l Q | Final water depth
1 30 100| 20 110
2 110 100 | 20 190
3 190 100 | 20 270
4 270 - 120 250
5 250 - |20 230
6 230 - 120 210

Here, depth is greater than 200 mm exist up to 4 days so this design is not ok
so increase 'Q'.

Take Q = 30 mm/day
Day | Initial water depth %3- Q Final water depth
1 30 100 | 30 100
2 . 100 100 | 30 170
3 170 100 | 30 240
4 240 - |30 210
5 210 - |30 180

Here, no water depth greater than 250 mm
Depth excess of 200 mm exists for up to 2 days. This design is ok.
Now, take another trail

Q =25 mm/day
Trall 3
Day | Initial water depth %’- Q | Final water depth
-1 30 100 | 25 105
2 105 100 25 180
3 180 100 | 25 255

Here, depth greater than 250 mm exists for one day so this design is not ok.
Here, trail 3 is not required.
Third is only to check economic criteria of design.
Hence, Q = 30 mm/day is design discharge
Q = 30 mm/day
-3
= % x 10% m?/sec./ha

_30x10~°x 10" x 1000
= BG400
" =3.471/sec./ha

1/sec./ha
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PROBLEM 10

List out the main effects and preventive measures of water logging.
fstimate the rate of internal drainage discharge in Ips/ha from bunded
rice fields of Terai area. The 3-day design rainfall of 10 years frequency in
that area has been estimated as 400 mm. Make suitable assumptions for
removing excess water from the field of Terai. [2071 Bhadra: T.U.]

Solution:
The effects of water logging are as follows:
j) Lesscrop yields.
iij Inadequate circulation of air in root zone of crops.
jii) Fall in sail temperature.
iv) Delay in cultivation operation.
a) Difficult in ploughing and mulching.
b) Showing and growth of crops are also delayed.
v) Breading of insects and mosquitoes.
vi) Growth of unwanted planted.
vii) Inhabiting activity of bacteria.

The preventive measures of the water logging are as follows:
i) Lining of canal water course.
ii) Reducing the intensity of irrigation.
iii) By reducing crop rotation.
iv) By optimum use of water.
v) By providing intercepting drains.
vi) By provision of effective drainage system.
vii) By adopting consumptive use of surface and sub-surface water.
Here,
Design 3 days rainfall (P;) = 400 mm

%3 = % =133.33 mm
Assuming;
Initial water level = 40 mm
Maximum water level 300 mm which persist for 1 day.
Depth in excess of 200 mm may persists for 3 days.
From water balance equation; we have,
h = Initial water depth + %1 xt—Qxt
For first trail; take Q = 50 mm/day

Day | Initial water depth | 23 | Q | Final water depth
1 40 13333 | 50 12335
2 123.33 133.33 | 50 206.67
| 3 206.67 13333 | 50 289.99
|4 289,99 - |50 239.99
LS 239.99 - |50 189.99
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Here, water depth > 300 mm is not available and depth of water more than
200 mm exists 3 days which is in accordance with design consideration, For
accuracy, let's do next trial 'Q' should be decreased so 'h' tends to 300 mm,
Take Q = 45 mm/day;

Day | Initial water depth ‘ % Q | Final water depth
1 40 133.33 | 45 128.33

2 128.33 133.33 | 45 216.66

3 216.66 133.33 | 45 305

4 305 - |45 259.99-

5 259.99 - |45 214.99

6 214.99 - |45 170

Here, water depth > 300 mm, so this design is not ok.
Hence, design discharge = 50 mm/day

50 x107°
Q =gzg00— X 10* m®/sec./ha

50 x 10~ x 10* x 1000
= 86400
=5.787 1/sec./ha

PROBLEM 11

I/sec./ha

Derive the equation to find the spacing of tile drain. Calculate the spacing
of the tile drains for an area having average rainfall of 1600 mm, if 1.5% is
to be drained in 24 hrs. From ground level, depth of impervious stratum is
9 m, depth of drains is 2.0 m and depth of highest position of water tableis

1.0 m, coefficient of permeability = 0.001 cm/sec. [2071 Magh: T.U]
Solution:
. Derivatlon of spacing of tile drain
See the definition part 9.4.2
Numerical
We have,
%P 0.
q= (—244;’53)%01—3) (5 x1) cu. m/m length of drain
1 1600
or, q9=7pp* 1000 X 8%:1(_01[_) m?/sec./m length of drain
1.65 3,
= m°/sec./m | i 1
q m /sec./m length of drain ()
Again,
2
4K(b" — a?
I ) a

q
where, b is the height of water table above impervious layer =9 —~1=8m.

"|logging. [P.U. 2015]
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a is the depth of impervious stratum below centre of drains =9 -2

=7m
K = 0.001 cm/sec. = 9%1— m/sec.
Then, from equation (1) and (2); we get,
_ @’ - @
5xq—4x000’1 XT
1.65 15
X ————=4x0.001 X —
o SX g eax10° 100
or, S°=23240
§=56.92m
PROBLEM 12
Explain in details the procedures of designing drainage canals in irrigated
paddy fields. [2072 Ashwin]
Solution: See the definition part 9.3.4
PROBLEM 13

[Explain all steps required to arrive design discharge of a drainage canal in

irrigated paddy field. [2072 Magh]
Solution: See the definition part 9.3.4
PROBLEM 14
Write down the effects and preventive measures of water logging.
[2074 Bhadra]

Solution: See the definition part 9.1

PROBLEM 15

Determine the drainage late required to meet the following condition.
Maximum yearly precipitation for 3 consecutive days = 300 mm. the design
rainfall is to be taken as 10 years return periods. Initial water level in field

= 40 mm, maximum water level is 300 mm, which may persist forap to 1
day and depth in excess 200 mm may 1 day and depth in excess of 200 mm
may persist up to 3 days. Take growth factor for 10 years return period as
1.5, Assume other suitable data if necessary. [2074 Bhadra]

Solution: See the solution of Q. no. 8

NOTE

Use factor 1.5 to multiply the final drainage rate.

PROBLEM 16
[Derive expression for the spacing of sub surface drainage.
Solution: See the definition part 9.4.2

PROBLEM 17
Define water logging. Bxplain its causes, effect and prevention of water

[P.U.2015] |

Solution: See the definition part 9.1
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PROBLEM 18
Determine drainage rate In m;nid;y‘ ‘required to meet the fﬁl{ﬁ,&
conditions for healthy growth of rice bunded fleld of plain area of Nepal,
Initial water lovel in fleld = 55 mm

Maximum water level is 400 mm which may persist for up to 1 day

Dopth of excess of 260 mm may peralst for up to 2 days
No rainfall follows the design rainfall for several days
Design 3 days rainfall ls 400 mm

Neglect BT and deep percolation losses.

Solution: Proceed same as the solution of problvm no.8

PROBLEM 19

Derive the equation to find the spacing of tile drain, Calculate the spacing
of the tile drains for an area having rainfall of 1700 mm, if 1.5% is to he
drained in 24 hrs, From ground level, depth of impervious stratum s 10 m,
depth of drain is 2.2 m and depth of highest position of water table is 1.2
m, coefficient of permeability = 0.001 cm/sec. [2077 Chaitra]

Solution: Proceed same as the solution of pr‘oblam no. 11 or example 9.4

PROBLEM 20

Design the drainage canal in paddy field for 5 ha or land to meet the
following conditions. Maximum yearly precipitation for 3 consecutive days
= 300 mm, the designed rainfall is to be taken as 10 years return periods,
Initial water level in the field = 40 mm. Maximum water level is 300 mm,
which may persist for one day and depth in excess of 200 mm may persist
up to 3 days. Take growth factor for 10 years return period of 1.5 years,

12076 Bhadry]

Assume other suitable data if necessary. [2078 Baishakh]
Solution: Proceed same as the solution of problem no. 5

Use factor 1.5 to multiply the design discharge as growth factor is given 13
from question.

i

'__'__...-———-—-—..._-..——_.r-—w ———

e b - T w W @ §°¢

e eerevrs et e £ e PR

07 OBIECTIVE QUESTION
1, Aland is sald to be viater logged wiheeri .o
a)  theland is necessarily submergped under standing water
b)  there s aflowing viater over the Jand
¢)  the pH value of the zoil becames as high as 8.5
d)  the ol pores in the root zone yets saturated with water, #ither by the
actual water table or by its capillary fringe
9, Water-logging of cropped land leads to reduced crop fields due 19 ,,..0000,
a)  l-aeration of root zone, causing lack of orygen to glants
b)  growth of water-logging plant interfering with the voon croy
¢)  surrounding of the root zome by the resultast saline water, which
extracts the good water fram plant roots by osmesis
d)  noneof the above
3, Alkaline goils are best reclaimed by oovvvinven
a)  leaching b)  addition of gypeum 1 el
¢) providing good drainage
d)  addition of gypsurmn to ol and leaching
4, Which one of the following does not contribute water loygng?
a)  Inadequate drainage
b)  Seepage from unlined canals
¢) Frequent flooding
d)  Bxcessive tapping of ground water
5, The zoil becore practically infertile when its pH valur iz abour ..
a) 0 by 7 o 11 d) onone 9‘ e
6. Point out incorrect statement, out of the following,
a)  Salinity iz caused by water logging,
b)  Water logging is not caused by salinity.
o) Salinity subsides, when once the water logging is remore.
d)  none of the above
7. Avrichly reclaimned alkaline soil should preferably be shown with a salt ceviznazs
croplive ...........
a)  wheat b)  cotron ¢) barseem £} nomeofdove
8. Which one of the following is not a remnedial measure for water gging?
3)  Good drainage for irrigated land b))  Comjuctive use of water n buein
¢)  Lining of canals and water course &) Cortour bunding
9. Which of the following crops can withstand the bighes water t2ble, which
normally should be 0.7 and 2.5 m below the level of the cropped land?
a)  Wheat b) lucerine ¢) Cottem 4] Fie
10.  The method, which uses dead furrows on cropped farms for dratnage of suces
frrigation or rain water is called
a)  surface it b)  tile drzi:uge £ :*a&";ng d} Frenchdrin
Answer sheet
5 S 8 W B BT O R O OO U S B T
4 | 4 | 4 | a | ¢ ! ¢ ! ¢ | &, c |
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