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ABSTRACT

Canal design is perhaps the simplest and most common amongst Irrigation

Engineers. With a large number of irrigation projects constructed in the world, the design of
-canals is well known. .

Design of canal depends on discharge, topography, inner side slopes lined and
unlined, operation and maintenance. '

Following are important aspectsin a canal :

Q) Silting

(1))  Scouring/non scouring

(1)  Weed growth

(iv)  Maximum permissible velocity

v) Minimum and maximum bed slopes

(vi) Operatioh and maintenance cost

(vii)) Seepage losses

(viii)) Cost economics of canal section

AL ' . “Yhere are a number of design practices and it is not
that simple as is being practiced.

The design of lined canals particularly trapezoidal canals is largely done by trial and
error by arbitrarily choosing the bed width depth ratio (B:D). This resulted many times
uneconomical section. Also their operational performance have not been as was expected in
designed lined canals. These canals have also shown considerable sign of damage to lining,
seepage, silting, weed growth, and low discharging capacity.

Best hydraulic sections are most economical as long as the cost of earth work
(excavation and embankment) is less than the cost of lining per unit length of channel and

“this is the most usual case. These sections, besides having least area and perimeter also have
minimum top width. Therefore land width required is also minimum, in comparison to other

wide sections.
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Selection of the ratio of base width to water depth (B:D) so far depends largely upon
individual judgment. Different design practices has resulted in values of width, depth and
slope significantly different. Velocity are also appreciably at variance.

| Such an elementary comparison serves to focus attention to the end results and
accordingly to promote further research into the practical aspects of the subject, with a view

to more economical and efficient design practices.

) T study attempts a comparative analysis of some lined Major
Canals in India with the parameter of B/D ratio, velocity, bed slope and discharge.
Significance of comparison : |
(i) Co’niparison aims at understanding the quality of a subject and it’s
systematizing
(ii) Comparison enables us to see resemblance and difference, and to point out
universality and individuality
(ili)  Comparison helps validation and explains variation in existing theories and
practices '
(iv)  Lastly comparison helps in development/modification of existing theories,
practical limitation and use.
This study discusses the hydraulic comparative analysis of Indira Gandhi Main
Canal with approaches of Manning’s formula, Kennedy’s formula, Lindley’s formula.
Lastly Lacey’s formula and tractive force theory are also discussed; a reach from Km 384 to
Km 410 lined canal.
It is found that parameter of B:D ratio, inner side slope and then bed slope are very

important in influencing velocity, and economical section.
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CHAPTER 1
INTRODUCTION

1.1 GENERAL

' Irrigaﬁon system consists of head work, intake structure, canal, drainage and
appurtenance structures. Canal is one of the essential parts, which are designed on the basis
of irrigation power water requirement. The function of the canal is to convey the water to
feed the irrigation area, or a Power House.

Design of canal depend on discharge, topography, inner side slopes, with and
without lining. Further more design of canal should ensure :

(1) Timely delivery of the required amount of water to the user in conformity with
the designed water use schedules and water distribution pattern adopted

(ii) Insignificant water losses or minimum losses

(ii1)  Minimal land for canals

(iv)  Reliability of operation, non silting, non scouring and non weed growing
conditions

(v)  Efficient operation with minimum cost

(vi)  Low cost construction/economy.

A large number of theories and practices have been developed U.S. Reclamation
Service (1915) Practice; Indian Practice Chow (1964), USBR Practice (1952), Bhakra Canal
Manual Guidelines (1954), Central Water Commission (CWC)/Central Board of Irrigation
and Power (CBIP) Guidelines, (1968) and (1984) and Indian Standard Codes. Even these

have been changed from time to time. ,
Man& variable factors are involved in the design of a lined canal. There are: (1) Bed
width (B) (ii) Depth (D) ; or (i) and (ii) can be combined in B/D ratio ; (iii) inner side slope
(Z) ; (iv) Bed slope (S) ; (v) Discharge and its variability according to requirement or
availability ; (vi) Rugosity coefficient ; Sediment concentration and its variability ; (vii)
Velocity and variability according to changing parameters.
The design of lined canal, particularly trapezoidal canals is largely done by trial and

error by arbitrarily choosing the bed width dept ratio (B:D). This may result many times in
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uneconomical sections. Also their operational performance may not be as was expected in
the designs. Lined canals have also shown considerable sign of darhage to lining, seepage,
silting, weed growth, and low discharging capacity. Indira Gandhi canal is one such
example.

Best hydraulic sections are most economical as long: as the cost of earth work
(excavation and embankment) is less than the cost of lining per unit length of channel and
this is the most usual case. These, sections, besides having least area and parameter also
have minimum top width. Therefore land width required is also minimum, in comparison to
other wide sections. Thus economic suitability of good section should also fulfill important
criteria as : |

(1) Minimum cost and practical economical section

(1) Minimum seepage loss section

(ii1)  Minimum sil.ting and minimum abrasion (for lined)

(iv)  Minimum weed growth section

(v) Maximum permissible velocity section

(vi)  Minimum and maximum permissible bed slope section

Manning’s formula is widely used. Kennedy’s formula (1895) and the rational
empirical Lacey regime theory ( 1939) ( with appropriate modifications by Inglis and
others), although originating in India, are also used in many countries. The tractive force
theory though developed for sediment transport , is now widely recommended by searchers
and used as a check over the parameters calculated by one or other empirical formula.

Here effort is made to draw lessons from experiences of the canals constructed in the
‘past. There are several important aspect as internal hydraulic sections of the canal with
respect to discharge, topography, stability of side slope, type of lining, operation and
maintenance problems and their solutions. Here attempt is made only for B/D ratio.

No lessons can be drawn without the experience in the past. In fact, much of
engineering, rather all sciences have developed in bits and pieces from the experiences of
the past. The engineers by and large have never become wiser in one day. They have
become wiser slowly and slowly with their own experiences and from experiences of past

engineering works. Wisdom lies to gain wisdom from experiences/draw lessons from the
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‘marvellous engineering works constructed so far. It helps us in a direction for further

development of technological skills.

2.1 COMPARATIVE STUDY OF LINED CANAL SECTIONS IN INDIA

Design of economic and suitable channel section (operationally efficient) had been
the concern of every engineer, from the day canal irrigation came to practice. Slowly and
slowly many engineers developed theories and guidelines for such design, initially for
unlined canals and subsequently for lined canals. With more stress on lining, the emphasis
also shifted to the least perimeter for a given area. Chow (1964) has given experience curves

of bed width and depth versus discharge. -~ . . This is only upto 3000 — 4000 cusecs

( about 100 m*/s). “jsm«mé
~ 1Internal cross sections at head canals in India are given Table 1.1. Their bed
width and depth versus discharge are plotted in Figure 1.\.. This shows a big variation, and
leads to m(:’;le research and analysis on B/D ratio etc.
22 SCOP OF STUDY
The objective of this study is very much limited to Indira Gandhi canal to a scope
as under :
@) Analysis of sediment transporting capacity of Indira Gandhi canal.
(2) Analysis of flow characteristics of Indira Gandhi canal
(3)  Analysis and review of hydraulic section of Indira Gandhi canal
4) Draw lessons for future design or attempt on development of design criteria

for future.
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CHAPTER 2
CANAL DESIGN THEORIES AND SEDIMENT TRANSPORT

2.1 GENERAL

All canals, whether lined or unlined carry some silt. The flow of silt may be more in
case of direct flow from weirs/barrages or low dams or diversion schemes, particularly when
situated in hills or hill toes. The silt inflow is less in canals taking off from reservoirs. In
reservoirs much of the silt is ‘deposited in it and clean water passes down in the canal. |
However, some silt may also pass in the canal depending upon the inflow release pattern and
time, location of canal out let and sill level, water level in the reservoir during operation. (for
example in moon soon season)

Silt inflow in a canal varies according to the silt inflow in the river, and the flow

diversion. Rivers receive huge quantity of sediment along with water due to:€rosion of =

drainage basin. Silt may also enter into a canal from the topography, throughf;:vhich the
canal is passing, such as wind blown sand and rain cuts on the cut slopes or the storm water
inflow in the canal at inlets. All canals of IGNP, Rajasthan, India, are subject to wind blown
sand/silt into the canal. Typical example of storm water inflow into the canal are the inlets of
Upper Ganga Canal, U.P., India. In some canals, failures of inner slopes of banks have also
caused silts and debris. This is also a seasonal and occasional phenomenon and is not
uniform over time.

Silt is very harmful in power canals. It damages and erodes the blades of the
' turbines. In irrigation canals silt is useful when transported to the fields. It has high
agricultural productivity and is beneficial to the crops. But this silt becomes harmful in
irrigation canal also; when deposited in it. It blocks/reduces water way, carrying
capacity/discharges and may encourage weed growth on sides. When at high velocity it has
an abrasion effect on lining or damages it. In earthen channels the bed and banks are eroded.
The phenomena varies from préject to project, velocity and nature of banks. Low velocity

helps in deposition of silt strengthening the banks.
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An analysis of sediment inflow in river and ca_nals is vefy essential for proper
design and regulation. The objectives of a canal design, operation and maintenance are :

(i) Exclude entry of silt, debris (or sediment) in the canal, as much as possible, i.e.
provide Silt Excluders at the source.

(ii) Whatever has entered may be ejected from a canal to the extent possible, so provide
Silt Ejectors, at appropriate locations. Pass out some portion of water according to
silt inflow.

(ili)  Also entrap the maximum silt or as much as possible in Silt traps/Silt tanks or
desalting chambers and flush out or eject at suiTaBle locations. It may be called as a
modified Silt Ejector.

(iv)  And lastly channel design should be such that it is hon—silting and non-scouring i.e.
carries the silt and passes out to the distribution system and to fields and does not
settle or erode bed. But it can be permitted only in Irrigation canals and not power
canals. Since the sediment concentration change with time in a year and available
water or discharge change. Therefore such design may not be feasible. A balance
design can be attempted.

2.2  SEDIMENT IN RIVERS

Observation done in various rivers show that sediment load in river (streams) from
which canals are fed seldom exceeds 5,000 ppm with an annual average of few hundreds of
ppm. Concentrations of sediment coarser than 0.075 mm diameter for various locations
along the Chenab river in West Pakistan are shown in Figure 2.1. The individual lines are
visually placed average of hundreds of readings which show wide Scatter in the extremes.
The effect of curvature in the river is demonstrated by comparing values for the Trimmu
1961 left bank with those for the Trimmu 1961 rigth bank. A gradual change in curvature
may account for the different between the Trimmu left bank values for 1939 and 1961.

The behavior of sediment depend on the specific gravity, size, and shape of the
particles and the size distribution. A typical sample of sediment consiéts of a mixture of
particles of various densities, sizes, and shapes. The variation of density is generally small,

and for practical purpose the mean density may be used for all the sediment. The density is
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in most cases so near the density of quartz (specific gravity 2.65) that this value may be used
without significant error in the formulas for sediment transport.

108
Ponjnod, 1961
Yy
Chenob River ot . / /
Trimmu, 1939 - \/'/V’
(Left bonk) P ///
)-/ 7 P
» v
. LA A
£ . A A
Y yo®[Chenob River ot > Pt y // cm
€ Teimmu, 1961 —
© {Lett bonk)~ LA
e avd S Trimmu, 1961
/ /{1 _(Right bank)
ANz
v ;// L Chiniot, 1958
/ 1
>
“ 000 10,coC
100 1,

¢c (Dg >0.075mm) in ppm

Fig. 2.1 Sediment Concentration vs Discharge, Chenab River, West Pakistah
(Davis, 1952)

The size distribution of a sediment mixture can be represented by soil classification
and grain size distribution curve or also some times known as frequency diagram as in
Figure 2.2, which shows characteristic grain sizes for typical suspended sediment and bed
materials. The mean or effective diameter of a mixed sediment is often described by its
median or 50 percent size.

Typical grain sizes of suspended and bed load, sampled in eight canals in West
Pakistan, are shown in Figure 2.2. The effect of alluvial sorting is indicated by the narrow

range of grain sizes of the bed material. In most canals the sizes of the bed material and
suspended sediments usually show a marked seasonal variation.
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Fig. 2.2. Grain Size Distribution of Suspended and Bed Sediments in Canals
(Davis, 1952) | :

Finer suspended sediments (less than about 0.06 mm) have measurable effect on the
performance of a canal, the impairment of canal performance usually results from an excess
of coarser material ( greater than about 0.06 mm). Accordingly, it is concentration of the
coarse size and the variation in such concentration that are significant in canal operation. A
typical annual variation, as measured near the head of the Upper Chenab Canal, West
Pakistan, is show in Figure 2.3. ‘ |

The transport capability of a channel is a function of capacity, measured as the
quantity of sedirrient which will be moved, and competence, measured by the maximum size
of bed particles which will be moved. Capacity increases with decrease in particle size, and
transport capability in any given size range can be for greater than the volume of sediment
available.

The size of transport table grain in indicated by the tractive force. In a channel the
bed material is usually composed of sediment which def)osited during periods of decreased

competency or sufficient transport capacity.
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Fig. 2.3. Annual Variation of Sediment Concentration -Upper Chenab Canal,
West Pakistan (Davis, 1952)

2.3  CLASSIFICATION OF SEDIMENT LADEN WATER )

The gravitational flow a water-sediment mixture or sediment laden water o“r; fluid or
simply often called water, can be is distinguished in three types of movement as under :
(i)  Non Newtonian mixture

The mixture behaves Non-Newtonian, if the volumic concentration becomes of

importance, Cs > 8% (80,000 ppm). The difference between the densxty of the
mixture and of the water is also very large, p > 130 Kg/m’.

The flow of a Non—Newtonian fluid modifies all concepts of Newtonian hydraulic,
such as the resistance to the flow, as well as the distribution of velocity and of
concentration, the settling velocity is also influenced and the solid particles stay
longer in suspension. The transport of sediments as hyper concentrated suspension
and the debris flow, as well as hyper concentrated turbidity currents fall into this
category:

- The transport of sediments as a hyper concentrated suspension is encountered in
rivulets (nalah). Usually enormous quantities of sediments being of small size
enter the channel due to surface erosion caused by extensive rainfalls in the
catchment basin. The soil particle stay usually for long time periods in

suspensions, as wash load.
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(i)

(iid)

- Torrential flow of debris may establish themselves at rather steep slopes, So > 15°,
All kinds of particles, from the finest (having cohesidn) to the largest (blocks of 1
m’) participate in the movement, which is rather rare in occurrence and at short
duration, and is usually caused severe rainfall.

Quasi - Newtonian mixture.

The mixture behaves quasi-Newtonian, if he volumic concentration remains small,

C; < 8%. He difference between the density of the mixture and of the water becomes

important, Ap < 130 Kg/m’,

The transport of sediments as concentrated suspension notably close to the bed, as

well as the turbidity currents fall into this category.

Newtonian mixture

The mixture may be considered Newtonian, if the volumic concentration of the

particles is very small, Cs < <1 % (10,000 pm). The difference between the

density of the mixture and of the water, Aps =(pm-p) = (ps- p) Cs remains also small,

Ap <<16 Kg/m’. The transport of sediment (see Figure 2.4). As bed load and a

suspended load, fall into this category. This type of transport of solid particles, which

is most often encountered in rivers at foot mills.

Bed load
Total load
Total Sediment Suspended
Transport
Wash load

(a) Sediment Transport
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(b) Scheme of the Modes of Transport
Figure 2.4 Sediment Transport (Graf,1984)

SEDIMENT LOAD

It is the total of the sediments that move either in suspension or in contact with the

bed. It is the sum of suspended load and bed load. Alternatively, it is the total of bed

material load and the wash load as follow :

)

(if)

(iif)

(iv)

Bed load is the sediment in almost continuous contact with the bed while carried by

rolling, sliding or hopping along the bed of the stream.

Bed load is also divided into contact load and saltation load.

a) Contact load is the sediment that is rolling or sliding along the bed of the stream in
substantially continuous contact with the bed.

b) Saltation load is the sediment bouncing and hopping along the bed of the stream or
moved directly or indirectly by the impact of the bouncing particles.

Bed material is bed material, the particle sizes of which are found in appreciable

quantities in the shifting portions of the bed.

Bed material load is the coarse part of the sediment load which consists of particle

sizes represented in the bed (that is bed material) which is limited in its rate of

movement by the transporting capacity of the channel.

Suspended load is part of the sediment load of a stream which remains in suspension

in the flowing water considerable periods of time without contact with the stream bed,
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being kept up by the upward component of the turbulence or by colloidal suspension

and which moves practically with the same velocity as that of flowing water.

(v)  Wash load is part of the suspended load which is composed of particle sizes smaller
than those found in appreciable quantities in the shifting portions of the stream bed. It
is in near permanent suspension and is transported entirely through the stream without
deposition. The discharge of the wash load through a reach depends only on the rate
with these particles become available in the catchment and not on the transport
capacity of flow.

(vi) Sediment concentration is thé ratio of dry weight of sediment in water sediment
| mixture to the total weight of a suspension. It is generally expressed in grams per liter
or parts per million (by weight)'

»Contact load, saltation load, and suspended load may occur simultaneously and the
border lines between these are not well defined. This difficulty is avoided in practice by
dividing the total load into suspended load and bed load. The bed load moves at a lower
velocity than the layer of water through which it is traveling, the traction on it being
exercised through the fluid drag. The total load may also be divided into bed material load
and wash load the former constituting the coarser part of the sediment load moved by the
transporting capacity of the channel which may settle and the latter the fine suspended

material which does not settle in the existing conditions of flow.

2.5 GENERAL RELATIONSHIPS.

Table 2.4, first presented by Kennedy and Brooks (1963), lists the variables involved
in determining the behavior of alluvial channels and classifies them into several sets of
independent and dependent groups. Each of the dependent variables can be determined as a
function of the independent variables. In some cases the functions are known and dependent
variables can be determined easily. Perhaps the simplest such function is the continuity
equation stating that discharge Q is equal to the product of stream width b, depth d, and
mean velocity V or Q = bd V. In the first line of Table 2.4 for the case of flumes, the

independent variables are fluid properties of kinematic viscosity, v; mass density, p;
sediment properties of density, p s; geometric mean size, dg; geometric standard deviation of

sizes, og; fall velocity, w; the acceleration of gravity, g; and flow system characteristics Q,
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b, and d. the dependent variables are sediment discharge, Qs; mean velocity, V; hydraulic
radius of cross section, r; energy gradient, S; and Darcy-Weisbach friction factor, f. |

The sediment diséharge, Qs, can be expressed as
Qs=RQ,d,b, v,p , Ps,dgOpy 05 8) cevemenrriniiiniiiiiiaiee e, (i)

In a particular flume of a given width the fluid and sediment properties can be kept constant
and b and g are constant and the discharge can be replaced by V by means of the continuity

equation. When the depth and sediment and fluid properties are kept constant the relation

reduces to

Such a relation from experiments by Vanoni and Brooks (1957) is shown in Fig. 2.5. Other
data from this set experiments are shown in Fig. 2.6 in which slope, bed shear velocity, V.,
and bed friction factor, f,, are plotted against V.

Table 2.1
Choices of Independent and dependent Variables for Flow and Sediment in
Alluvial Streams (Adopted from Kennedy and Brooks, 1963)
Independent Variables®
Characteristics  of
Properties of fluid, flow systems (not Dependent® variables

sediment, gravity, all combinations (not all combinations
System etc. listed) listed)
(1) (2) (3) 4)
Flumes V, P, P, ’dg Og, Q’ d, b QSa V’ r, Sa f
(D,g QaQSab . D,I',U, Saf
V, ds b Qa Qsa ra S7 f
D, S, b Qa Qsa ra Va f
R,S,b Q:QS; d:V’f
Q, Sa b GS) d) I', Va f
Natural streams V, p,p,,dg O, Q,d Gs, b, r, V,S, f
Short term o, g d,S Q, Qs b, 1, VS, f
r9S Q:QSab9d’v7f
Q’ S QS’ b9 d> I', V, f
LOﬂg term V’ PP> 8 Q, Qs b, d» T, Va S> f
(graded stream) dg 0 @
Very long V, p,P., 8 Climate, man- Q,Qsb,d, r,V,
Term Geology Made works S, f, dg, 0p, @

®Note that plan-form geometry and wash-load concentration are not considered.

Source : ASCE (1975)
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Fig.2.6 Variation of Slope, Bed Shear Velocity and Bed Friction Factor in Constant
Depth Flume Experiments (flume width = 10.5 in) Vanoni and Brooks (1957)

TRACTIVE FORCE THEORY

When water flows in a channel, a force is developed that acts in the direction of flow

2.6

on the channel bed. This force which is simply the pull of water on the area of wetted
perimeters (i.e. perimeter x length) is known as the tractive force.
This approach is based on the consideration of equilibrium of a sediment particle resting

on the bed under the action

I1-10



§)) Drag
(i)  Lift force
(iii)  Tractive force caused by the following fluid and the submarged weight of the
particle.
Considering steady uniform flow in a rectangular channel and consider equilibrium of a
water prism abcd under various forces acting on it Fig.2.7 Since there is no acceleration of

the fluid, the summation of all the forces acting in the direction of flow must be zero.

Fig. 2.7. Forces Acting on a Water Prism (Garde, 2000)
Hence Z F=F +wsina-F,-1t=0

Where

F), F2 - hydrostatic forces

W = weight of the water prism per unit area of wetted perimeter

7, = average shear stress of the boundary since the depth of flow is the same at

section ab and cd
Fy=Fa, and to= wsin9__
area of wetted perimeter

Where :

Area pf wetted perimeter = P.AL
W= AALy, ;7yr = specific weight of fluid ~ 1
Therefore,

AALy, sin 6
P.AL

To =

IT-11



To = Yr Rsin® ;Forsmall@ ,sin@ =tan@ = S, (channel slope).

T = ¥t RS |

1, is not dimensionally similar so use consistent units on both sides.
Where :

R = hydraulic radius

AL = length of the prism

A = area of prism

P = area of wetted perimeter ,

The force exerted by water on the channel bed will have the same magnitude but will
act in the direction of flow. This shear stress can be directly related to the velocity
distribution near the boundary and the viscosity of the fluid.

Direction of shear stress needs to be known in the assessment of channel stability.
Hence essentially the design reduces to the determination or the following :

(i) Distribution of shear stress along the periphery

(i)  Limiting tractive stress for various material

(iii)  Effect of side slopes of limiting tractive forces

(iv)  Relation between roughness coefficient and sediment size.

If coarse sediment inters a channel at a rate which exceeds, its carrying capacity, part
of sediment is dropped in the channel bed. This carrying capacify of the canal can be
changed by :

@) Changing the discharge of the canal

(i) Its slopes |

(iii)  Its shape

(iv)  Changing of the particle size of the sediment

The problem of design of the stable channel carrying sediment. Therefore, involves
the determination of the hydraulic factors for a canal which will have a transporting capacity
sufficient to carry it.

Tractive for on side and bed of various channel section have been prepared for

channel design and show in Figure 2.8. The relationship of side slope, angle of repose and
critical tractive force, for such section the diétribution of applied stress as work out by Lane

et.al at U.S.B.R in 1952, on the resistance side the material is divided into three part :
m-12



() Coarse non-cohesive
The hydrauli(; roughness depend on the grain size lining the canal after some of
the fines have ‘been washed out and is important. For coarse non cohesive more
than S mm size, fhe critical tractive force (limiting stress, T, ) is given as,
7, =0.736 dss

Where 7, is in kg/m® and ds in mm. Due to available armoring effect the
representative size used is dss in place of dso.
The particle resting on the banks is acted upon by gravity in addition to water
drag. This is to be accounted for by reducing the limiting stress, on the bank
particle by a factor

tan® o

tan’ ¢

K=cos a_|l1-

Where a is the angle of the side slope or bank, with the horizontal and ¢ is the
angle of internal ﬁ'iction oft he bank soil.

(i)  Fine non-cohesive material
The size materials range 0.1 to 5.0 mm for these materials, besides the armoring
effect, the influence of adhesion imparted by fine clay and silt sizes suspended in
the water is considered important. The roll down effect on bank particle is
applicable to this case also. For both of the above materials the channel:is to be
so designed that the applied maximum stress on bed and banks does not exceed
the resistance of either. Thus limiting stress are given in the Table 2.2

(iii) Cohesive material
For this material the inter-particle forces are much more important than gravity
forces, and hence the roll down effect may be neglected. For any important
project ‘that' the most impoftant characteristic determining erosion resistance of

clay soils are plasticity index and void ratio are given in Table 2.3 and Figure 2.9

It may be found more economical to provide local protection at bends rather than

design the channels for these reduced values of tractive force.
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Table 2.2

Median size of

material (d50) mm

Limiting Stresses for Fine Non-cohesive Material (less than S mm)

Limiting tractive force K/m?

Clear water | Light load of fine | Heavy load of fine
sediment ‘sediment
0.1 0.122 0.241 0.369
0.2 0.125 0.250 0.375
0.5 0.145 0.265 0.400
1.0 0.193 0.290 0.435
2.0 0.290 0.386 0.530
5.0 0.675 0.795 0.890
Source : Bharat Singh (1982)
Table 2.3
Typical Limiting Stresses in Cohesive Material
Type of soil Scobey
Etchevery
Clear water Silty water
Permissible
stress kg/m’
Sandy loam 33210397 1.74t02.28 | 3.55t05.20
Silty loam
Average loam, 3.97 to 4.78 - -

alluvial soil

Firm loam, clay loam

Stiff clay soil

Alluvial silts

4.78 to 7.43

13.15 t020.60

2.28 7.11
3.55 7.11
12.26 21.78

Source : Bharat Singh (1982)
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50
= < _SANDY CLAYS{SAND
50 %)
25 AN HEAVY CLAYEY S0iLS
N P/CLAYS
is _LEAN CLAYEY
NN SoILS
™ 10 )
\
; \'\\\\
- NN
Q50
w ARAY
35 \
b 3 \
Y 28
Y 20 \%
§ 1:5
-
x 10 o
L& FAIRLY| (&
lgglcom’- COMP- 8
0.5 >0 .Aqu -AS! ."'l
e-Y 0203 06 %12 2
Y0ID RATIO

Fig.2.9 Permissible Tractive Stresses for Cohesive Soils (Chow 1959)

2.7 EMPIRICAL EQUATION FOR SEDIMENT DISCHARGE
Many formulaes have been given by various investigators, after Du Boys (1879)
presented his tractive force. The results of different formulaes differ drastically. So far it has
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not been possible to determine positively which method gives most realistic or reliable
result. Therefore selection is no straight forward.
Some of the important formulaes, which are used by many Engineer is presented in
Table 2.4 to 2.6. These formulaes are presented in a systematic way as under,
(i) Table 2.4 bed load transport equation
(i)  Table 2.5 suspended load transport equation

(iii)  Table 2.6 total load transport equation.

2.7.1 Bed Load Transport

The particle move in different modes depending on the flow conditions, the ratio of
densities of the fluid and the sediment, and the size of the sediment. Movement of sediment
particles is by rolling or sliding along the bed in substantially continuous, when the particles
stay in close contact with the bed, sediment transported in th1s way is known as bed load.
For determining the rate of bed load transport various equation have been given different

investigators in the Table 2.4.

2.7.2 Suspended Load Transport

The bed material of a alluvial channel moves as contact load or saltation load the
stream will have only clear-water at low values of average shear stress on the bed. Further
increase in the shear stress, some of the bed particles are carried into the main flow and thus
lose contact with the bed. These particles travel with a velocity almost equal to the flow
velocity and the constitute the suspended load.

Suspended load transport is a advanced stage of the bed load transport. Thus in the
case of uniform sediment, one would expect only bed load transport at loW shear stresses,
while at high shear stress both the bed transport and suspended load transport would occur.
In the case of non-uniform sediment, the finer sizes of the bed material may move
predominantly in suspension, while the coarse fraction of the bed material may move mostly
(or totally) as bed load, if they move at all. For determining the rate of suspended load

transport various equation have been given by different investigators in the Table 2.5
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2.7.3 Total Load Transport
The methods of computation of the total sediment transport rate can be broadly
classified in two categories namely :
(i) Microscopic Method. It subdivides the total sediment load either into suspended
load and bed load
(ii) Macroscopic Method process of suspension based on dimensional analysis,
intuition or complete empiricism.
For determining the rate of total load transport various equation have been given by

-

different investigators in the Table 2.6
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For DuBoys of Median Size of Bed Sediment (Straub,1935)
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Darcy-Weisbach friction tactor, f
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Fig.2.12 Variation of Darcy-Weisbach Friction Factor with Velocity for
Two Sections of Rio Grande in New Mexico [(data obtained by
Nordin (1964), Figure Presented by Alam and Kennedy (1969)]
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Fig.2.27 Correction Cocfficient.: (a) of Velocity distribution,
(b) of Hiding and (c) of Lift Force (Einstein,1950)
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Fig.2.32 Engelund’s Resistance Relation Based on‘Flume Data
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Fig.2.33 Variation of ¢ with T, for Plane Bed Data
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Table 2.7.
Variation of L with M

M <0.20 0.25 0.30 0.40 > (.50
L 080  0.86 0.90 0.97 1.00
Suorce : Garde and Other ( 2000)
Table 2.8.
Variation of K with 1,/7,.
T/toe <20 30 40 50 70 9.0 100 11.0 14.0 >17.0
K 22 21 19 18 165 15 135 125 1.1 1.0
Suorce : Garde and Other ( 2000)
, Table 2.9.
Variation of tan Kin Bagnold’s Equation
D
B 030 040 050 070 100 1.50 2.00mm
mm mm mm mm mm  mm and larger
0.30 Region of Non applicability 0.42 0.375
0.40 Of Bagnold’s Equation 0.52  0.40 0.375
0.60 0.75 0.71  0.55 047  0.38 0.375
1.00 0.75 0.73 0.67 0.48 042 0375 0.375
2.00 0.73 0.68 0.58 0.45 038 0375 0.375

Suorce : Garde and Other ( 2000)
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2.8 APPLICATIONS OF RELATIONS

Different formulae for the determination of the solid transport are given in
Table 2.10, Graf (1998) has commented as under none of these relations can pretend to
translate the intrinsic complexity of the transport of sediments.

Most of these formulae should not be used beyond the conditions within which they
were established. Table 2.10 contains a summary of the range of the parameters, d (size)
and Sg, (energy slope) investigated for the establishment of each formula by their author (s) ;
other author(s) may have extended this range. Also the recommendation by the author(s) for
the choice of the equivalerit diameter, dy, if the granulometry is quasi or non-uniform, is
given in the Table 2.10.

The formulae for the transport of sediments are often established, using laboratory
data and less often using field data.

A verification of these formulae in natural channels is a very delicate task, since it is
difficult to measure correctly the solid discharge in the field. Furthermore, it is often a rather
subjective evaluation, since the zones of he modes of transport cannot easily be separated.

Numerous studies have been reported, comparing measurements in rivers with the
different existing formulae.

For a better appreciation of the validity of the above presented formulae, it will now
be of interest to compare the computed results with the direct measurements of the solid
discharge in the field.

Table 2.10
Parameters Used for Establishing the Different Formulae.

Dy (mm), equivalent
diameter for a non-
Formula D(mm) Sr(-) uniform granulate
Schoklitsch 0.3 -7.0(44.0) | 1/333-1/10 Dao
Meyer-Peter 3.1-28.6 1/2500 - 1/50 Dp, (dso)
Einstein (1050) 0.8-28.6 - Dss
Graf et Acaroglu (1968) | 0.3 — 1.7 (23.5) - Dso
Ackers et White (1973) 0.04-4.0 Fr<o0.8 Dss
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Table 2.7.
Variation of L; with M

M <0.20 0.25 0.30 0.40 >0.50
Ls 080 086  0.90 0.97 1.00
Suorce : Garde and Other ( 2000)
Table 2.8.
Variation of K with 1,/1,¢
e <20 30 40 50 70 90 100 110 140 >17.0
K 22 21 19 18 165 15 135 125 1.1 10
Suorce : Garde and Other ( 2000)
. ‘Table 2.9.
Variation of tan Kin Bagnold’s Equation
D
B 030 040 050 070 1.00 150 2.00mm
mm mm mm  mm mm  mm and larger
0.30 Region of Non applicability 0.42 0.375
0.40 Of Bagnold’s Equation 0.52  0.40 0.375
0.60 0.75 071  0.55 047 038 0.375
1.00 0.75 0.73 0.67 0.48 042 0375 0.375
2.00 0.73 0.68 0.58 0.45 038 0375 0375

Suorce : Garde and Other ( 2000)
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2.8 APPLICATIONS OF RELATIONS

Different formulae for the determination of the solid transport are given in
Table 2.10, Graf (1998) has commented as under none of these relations can pretend to
translate the intrinsic complexity of the transport of sediments.

Most of these formulae should not be used beyond the conditions within which' they
were established. Table 2.10 contains a summary of the range of the parameters, d (size)
and Sg, (energy slope) investigated for the establishment of each formula by their author (s) ;
other author(s) may have extended this range. Also the recommendation by the author(s) for
the choice of the equivalerit diameter, dy, if the granulometry is quasi or non-uniform, is
given in the Table 2.10.

The formulae for the transport of sediments are often established, using laboratory
data and less often using field data.

A verification of these formulae in natural channels is a very delicate task, since it is
difficult to measure correctly the solid discharge in the field. Furthermore, it is often a rather
subjective evaluation, since the zones of he modes of transport cannot easily be separated.

Numerous studies have been reported, comparing measurements in rivers with the
different existing formulae.

For a better appreciation of the validity of the above presented formulae, it will now

be of interest to compare the computed results with the direct measurements of the solid

discharge in the field.
Table 2.10
Parameters Used for Establishing the Different Formulae.
Dy (mm), equivalent
diameter for a non-
Formula D(mm) Se(-) uniform granulate
Schoklitsch 0.3-7.0(44.0) | 1/333-1/10 Dao
Meyer-Peter 3.1-28.6 1/2500 - 1/50 D (dso)
Einstein (1050) 0.8 -28.6 - Dss
Graf et Acaroglu (1968) | 0.3 - 1.7 (23.5) - Dso
Ackers et White (1973) 0.04-4.0 Fr<0.8 Dss

II-42



Many (nineteen) of the existing formulae for the calculation of the total transport
have been studied by White et al. (1973) and compared with experimental results. They
evaluated almost 1000 laboratory experiments with uniform and non-uniform sediments of
0.04 < dsp (mm) < 4.9, at flow depth of h < 0.4 (m), and almost 270 experiments in
watercourses with sediments of 0.1 < d (mm) < 68.0 and a width/depth ratio of 9 < B/h
<160.

Each formula was applied to all the data of the solid-discharge measurements.
Subsequently was established a ratio of the values calculated, Cea., and the values observed,
Cobs, Where C = Cq is the total-load transport, expressed in concentration. Some results of
this investigation are given in Fig. 2.35, where one may see the success a prediction (in
percentage) for different ranges of the ratio, Ceud/Cots.considering only the range of 1<

Cead/Cabs < 2 , it can be seen that the percentage. for the formula of

Einstein (1950), eq. 6.60 : 44% of success
Graf et Acaroglu (1968), eq. 6.63 :  40% of success
Ackers et White (1973), eq. 6.66 . 64% of success
4 % %o %
Ackers etWhite 0 Einstein “0 Grafet Acaroglu 0
(1973) (1950) 10 (1968) 10

20

8 16 14 121 2 4 6 8 /8 16 114 1121 2 4 6 8 18 116 114 121 2 4 6 8

ccnlcl Cuns Cculc Icnhs C / Cuhs

cale

Fig.2.35 Comparison, with Respect to Ccac/Cops » Of the Success of Prediction for the
Presented Formulae (Graf, 1984)
This implies that with the formula of Ackers et White, 64% of the experimental data
can be predicted in the above-mentioned range. This is usually considered as a good (or a
not-so-bad) result; more than half of the studied (nineteen) formulae give results which are
less good, namely < 40%. Also noticed is that with the formula of Einstein there s a slight
under-estimation of the solid discharge; while the one of Graf et Acaroglu gives a slight

over-estimation. The comparative study of White et al. (1973) is reasonably objective, but
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certainly not conclusive. Other studies exist (see Raudkivi, (1976), p. 227) which show
clearly that an objective validation is nearly impossible.

Amongst the different existing formulae for the determination of the total-load
transport, but equally for the ones of the bed-load and suspended-load transport, each one
will give an answer, but none will be very precise nor very true. B

Finally, it must be said, that the results obtained with these formulae give only
valuable guide-lines for the engineer. For practical purposes, it is advised to consult more

than one formula ; the obtained result may however render different values (see Graf,
1971, p. 156).

2.9 REGIME THEORIES

The regime formulaes of Kennedy, Lacey and others apply to channels with erodible
boundaries in alluvial soils carrying small sediment loads. Analyzed data from irrigation
channels mainly in India and Pakistan, but also some in Egypt, Europe and America. They
were obtained by the correlation of dimensions and slopes of apparently stable channels with
discharges and sizes of bed material. And express three primary relationships namely
velocity to dept, velocity to slope, and width to discharge by thé velocity is non-silting and

non-scouring are show in Figure 2.36. to Figure 2.38
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2.10 EMPIRICAL EQUATIONS FOR REGIME CHANNELS

In 1875, Kennedy produced his depth velocity relations based on observations on
Upper Bari Doab Canal in 1904 he gave a rough rule for the relation of width to depth in
non-silting canals. A second edition of Hydraulic Diagrams’ was issued in 1907 in which he
represented the original paper and added an extended discussion to clarify some of the
obcure points and to give the result of his experience since the first paper was printed.

Kennedy’s work soon became extensively used through out India. Observations were
made on the canals of other irrigation system and a number of other equations of the same
type as those of Kennedy’s were developed suitable to the various local condition. One of
these was for the Godavavi and Kistna Western Deltas in Madras. In 1913, a set of hydraulic
diagrams for design of channels was presented by A. Garret, deals with non-silting channels
and which is used extensively in the United Provinces (Uttar Pradesh)

In 1917, F.W. Woods proposed the use o‘f the definite rations of depth to width based
on the analysis of data from the Lower Chenab Canal System. In 1919, the result of an
extensive analysis of canal dimensions of the Lower Chenab Canal by E.S.
Lindley (1919) were published. He found a relation of surface with to depth and between
velocity and depth and velocity and surface width. No attempt was made by Lindley no
correlate rugosity and silt grade, nor he did correlate the width and depth the discharge.

W.T. Bottomly (1928) advanced the idea that irrigation channel onld be non-silting
and non-scouring if the slope of the canal was of the some order as that of the parent river
regardless of the relation of width to depth and the slope of the canal.

In 1930, an excellent baper on this subject was presented by G. Lacey in which he
advanced the proposition that the wetted perimeter of stable channel was a simple function
of the sqﬁare root of the discharge and that the shape of the section depend upon the fineness
of the silt carried, coarse silt giving rise to wide, shallow section and fine silt to narrow,
deep ones. "

In his paper of 1935 on stable channels in erodible material, Lane made a
comprehensive study of stable channel shaped and stressed that the quantity of solids in

motion is an important factor in the shape of stable channels in alluvium.
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In 1936, Bose and the staff of the Punjab Irrigation Research, after several years of
painstaking collection and statical analysis of data. The former is comparable width the
discharge perimeter formula evolved by Lacey, the coefficient being five percent higher,
while the letter is closely related to Lacey’s slope formula, |

In 1941, Blench and King wrote a paper entitled Effect of Dynamic shape on Lacey’s
relationship. This was followed by Practical Design formulae for stable irrigation channels
by C. King.

Mariy formulaes have been given by various investigator, all. available existing
regime theories. At the end some conclusions have been mentioned and a suitable design
method is recommended.

Some of the important formulaes, which are used by many investigator is presented
in Table 2.11.
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Table 2.12

Values of C.V.R for different type of soil

Type of silt Values of m
Light sandy silt in the rivers of Northern India 1.00
Somewhat coarse silt and debris of hard soils 1.10
Sandy, loamy silt 1.20
Rather coerce silt or debris of hard soils 1.30
Silt of river Indus in Sindh (Pakistan) 0.7
Source : Varshney, R.S (2000)

Table 2.13
Silt Factor for Different Material

Type of Soil Value of f
Fine silt 0.5t00.7
Medium silt 0.85
Standard silt 1.0
Medium sand 1.25
Coarse sand 1.50

Source : Modi, P.N (1995)
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2.11 MANNING’S FORMULA }

In 1889, an Irish Engineer Robert Manning (1895), in his effort to co-relate
and systematize existing data of flow through natural and artificial channels, developed an
equation from seven different formulae viz. Chezy (1796), Ganguillet and Kutter (1869),
Bazin (1897), and others. This was later modified to its present well known form. This has
been verified by many others and later come to be well known as Mannning’s Equation.

V= 1 R¥ s (metric units) .......... Eq. (1)
n

Or its back conversion gives
1.486

V=20 R¥Bg2 (English Units)
n

Where :
V = mean velocity of flow in m/sec in metric system or feet/sec in FPS system
R = hydraulic radius in m or ft
= A/P, A = water area i.e area of flow in sq. m or sq. ft
P = wetted perimeter in m or ft.

S = slope of the energy line (when flow is uniform energy slope gradient may
become parallel to the water surface slope and bed of the channel). This is a
very common assumption in the design of canals. Where flow is assumed as
uniform. But in actual practice uniform flow rarely exists. Therefore, after the
design of channel, actual water surface profile should be computed, energy
grade line plotted, and flow phenomena again checked for different discharge
likely to occur say, quarter, half, three fourth and full discharge. This will give
actual water surface profile, which will be useful in locating level of outlet,
operation and maintenance. '

n = coefficient of roughness, (also know as rugosity coefficient) specifically known
as Manning’s n (see Table 2.14)

Owing to its simplicity and satisfactory results, it is most widely usedv for all open

channel flow computation and design.
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. Table 2.14
Rugosity Coefficient (n) and Limiting Velocities
For Different Types of Linings

Maximum
Surface Permissible/
S. Surface Characteristic Limiting Velocity
No Characteristic (m/s) S
New Surface Old Surface (l?;953]5' 10430-
) 2000)
1. | Concrete Lined with Surface as 27
Indicated below
(a) formed, no finish 0.013-0.017 | 0.018-0.02 * 27
(b) Trowel, finish 0.012-0.014 | 0.015-0018*
(c) Float finish 0.013 -0.015
(d) Float finish, some gravelon | 0.015-0.017
. bottom
(e) Gunitc, good section 0.016-0.019
(f) Gunitc wavy section 0.018-0.022 0.018 - 0.022*
(g) P.C.C. Tites/Stabs 0.018 - 0.020*
(h) U.C.R. random rubble 0.024-0.026
masonry with pointing
2. | Concrete Bottom Float Finished
Sides as Indicated below
(a) dressed stone masonry 0.019-0.021
(b) course rubble masonry 0.015-0.017
(c) random stone in mortar 0.017-0.020 0.020 - 0.025
(random rubble masonry) 0.016-0.020
(d) random rubble masonry ' 0.015-0.017*
cement plastered 0.020-0.030
(e) dry rubble (rip rap) 0.020 - 0.033*
(stone pitching)
3. | Boulder ling as per IS 4515 — 1993 0.022 - 0.027* 1.5
4. i Gravel Bottom Sides as Indicated
Below
(a) Formed concrete 0.017-0.020
(b) Random stone in mortar 0.020-0.023
(c) dry rubble (rip rap) 0.023-0.033
5. | Brick
Burnt clay brick / tile 0.014-0.017
(IS 3872-1966) 0.018-0.20 0.018 - 0.020* 18
‘6. | Asphalt ,
- (a) Smooth 0.013 0.013 -0.015*
: (b) Rough ‘ 0.016 0.016-0.018*
7. | Wood Planned Clean 0.011-0.013

* Values recommended by IS code 10430 — (2000): 4745- (1964); 4515 — (1993);3872 (1996)

Note : For canal is curves (other than straight) a small increase in value of n be made to allowed for

additional loss of energy
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Several research workers have developed many formulae for the flow through canals
and have remained in vogue in different times in different parts of the world. But now
Manning’s formula is widely used through out the world.

For design of channels another following continuity equation (2) is used.

Q=A1Vi=AVy  cervieeiii, Eq. (2)

Thus equation (1) and (2) are used together and a section is determined by trial and
error.

To avoid any trial and errof, and to find a unique solution, Suryanvanshi (1973) has
developed a master equation
2.11.1 Some Useful Derivation of Manning’s Formula for Best Section

It has been stated in most text books of hydraulics that, for the most efficient section
of any shape of more then 2 sides, the hydi'aulic radius (R) will be one-half of the flow depth
but the section must be circumscribing a circle.

The most efficient polygonal section of any specified number of sides can be found
to be one which can be circumscribing a semicircle.

The most optimum trapezoidal section has side slope of 1 : 0.5777 (V:H), B = 1.155
d,A=1732d* P=3464d,R=05d.

When these values are put in the Manning’s formula, the relationship is a unique
relationship as under :

V=(d2)"Ss"/n

=(12)"8"/n

=0.63d””8"/n ... Eq. (1a)
or ,
S=(Vn/0.63d?")

=V*n?/0.3969 d**

This may be called as the Master Equation (1) of Manning’ formula for the best or
optimum section (or most hydraulic efficient section).

For any type of the best section R = d/2 only and always only, irrespective of any
shape, side slope and size. The above equation shows a direct and unique relationship
between V, d, and S, treating n as constant. For a given velocitir or treating V as constant,

there is unique depth slope only, and can not be altered. This perimeier is minimum, and this
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area is also minimum, and B/D ratio is also fixed, and can not be altered, thus no trial and
error is required.
These equation can also be written in the form
V=Q/A=0.63d"S"*/n
Putting optimum value of A for trapezoidal section of optimum side slope
Z=1:0.577 (V:H)
Q= +3d*(0.63d*)S"/n
=1.732 (0.63) d** S /n
=1.091 d**S"2/n

Qn 3/8
d=|————| Eq. (1b
[1.0918"2} a. (1b)

Treating Q as given or Constant, there is a unique relationship between dept and
slope and can not be altered.

For a given discharge and depth there is fixed depth and can not be changed.
Similarly for a given discharge and depth there is fixed slope or minimum slope, and can not

be designed on any slope flatter then this.

2.12 COMPARISON OF MANNING’S, KENNEDY’S AND LINDLEY’S
FORMULA
2.12.1 Kennedy’s Formula
Canal velocities and their relations to erosion and silting were studied by Kennedy
(1895). He obtained a formula for the velocity that can be maintained through erodible
materials without causing silting and scouring in Bari Doab Canal. His formula often called
Kennedy’s Critical Velocity is :
V,=C D% (Metric units)
Where V,, = critical velocity, D = depth of flow and C = Coefficient. He found value of
C = 0.546 (coefficient of Kennedy) for Bari Doab Canal. From this equation, velocity for
different depth of flow as under:
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Table 2.15

Relation of Depth to Allowable Velocity by Kennedy’s Formula

Depth,

m 1 2 3 4 51 6 7 8 9 | 10
Velocity,

(m/s) 0.546 | 0.851 | 1.103 | 1.326 | 1.529 | 1.719 | 1.897 | 2.066 | 2.228| 2.383

There are plotted in Figure 2.39
2.12.2 Lindley’ Formula

Similar to Kennedy’s Equation, Lindley (1919) also gave velocity depth relation as:

V =0.567 D%’ (Metric units)
From this equation, velocities basis for different depth of flow are as under :
Table 2.15
Relation of Depth to Allewable Velocity byLindley’s Formula
Depth,
m 1 2 3 4 5 6 7 8 9 10
Velocity, _
(m/s) | 0.567 | 0.842 {1.061 | 1.250 | 1.419 | 1.574 | 1.719 | 1.855 | 1.984 | 2.107
There are plotted in Figure 2.39
sl b e e : Hidd 2
g, T el EHEH BN i
- Velocity by Lindley’s formula, {25
. Sna8

; oft e
T Constant, V=0.567D "% HHgHE
:.':...E-'— {‘4
=ik G g
A i v (68  Veloeity by Kennedy’s formaula,
L e 1 1e%7ael :
508 EREmE R v=0546D "%
““3 SO T e
e |l i qitis
:”,I c ;- 4 iy E“
4;3 -t':-a fizsch T Velocity by Manning’s formula
e i .
L: Q i ] For best section, taking nand §
1 _ 1 A e a2/3
Rz NTaaT: o Constant, V=0.63 d
SERgroRgs £ A
R T A T L e
R b it e R e e e e
dig)inih IR R O jet ] HHHER ExagliiRecs
f i it Velocity, V (m/s) i

Fig.2.39 Relation of Depth to Allowable Velocity
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2.12.3 Coniparison of Manning’s Formula with Kennedy’s and Lindley formula

The e’quationscan.be easily compared with the eq. (1a) of the Manning’s formula i.e

V=0.63d”$"/n=0.63d* (S'?/n)

By treating slope (S) and rugosity coefficient n as constants, generally specified in
any canal desigh. The equation reduces to the simple form of

V=063d"% ... (0.63 for optimum side slope and B/D ratio)

This is very similar to Kennedy’s Equation or in other words Kennedy’s Experiment
all results, (einpirical relationship) is very near to the Manning’s Equation of most efficient

trapezoidal section.

1/2
For a bed slope of 1/10000 and n=0.01 S?/n= LN L 291:I, for
0.01{ 10000

n=0,02, and to attain same velocity, slope be raised to 1/2500, then

12
§Vip= 1 ——1——]1 =1
: 0.02] 2500

Similarly Lindley’s Equation, a welocity depth relation is also very near to
Kennedy’s and Manning’s formula.
These three relationships are plotted in Figure2.39 for depth . = (8.00 m normally

maximum so far adopted).
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CHAPTER 111

STUDY OF INDIRA GANDHI NAHAR PROJECT (IGNP) FORMERLY
KNOWN AS RAJASTHAN CANAL PROJECT (RCP) INDIA

3.1 GENERAL

This is a gigantic canal project to carry 524 cumecs (18500 cusecs ) water from
Harika Barrage in a 204 Km long feeder canal in Punjab, to the vast great Indian desert
known as Thar desert, in western Rajasthan. The canal network is spread in an area of about
60 Km wide by 1000 km long belt. It consists of 204 Km of feeder, 450 Km main canal,
8000 Km of distribution networks and several thousand km of lined water courses, to spread
over a gross command area of 2.5. Mha and provide irrigation to a culturable command of
1.55 Mha.

The project was conceived by the great Indian Engineer Kanwar Sen Jain, around the
year 1940 and construction was started in the year 1958. Since then the project has gone
under considerable modifications/changes/revision after revision, several times. It is still
(year 2002) under construction near tail areas.

Planning, design and construction of canal system is managed by a high powered
Canal Board with many advisory, technical committees consisting of eminent

engineers/consultants.

3.1.1 Main Canal

It is a contour canal with distribution network and irrigation on the right side only.
Few lift schemes are provided on the left.

The main canal though initially thought as a unlined canal was subsequently
designed and constructed as a lined canal.

The main canal passes through sandy desert soils. High cuttings of about 20 m
above bed level to heavy bed ﬁllmg of more than 4 m ( from bed level i.e. 12 m to top bank
level ) are encountered in the alignment of the canal.

No materials of construction except the desert sand are available all along

the canal, or even within 100 Km. There are no rivers or stone hillocks nearby.
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However, there are some stone hillocks near Ratangarh at a distance of 200 to
300 Km from main canal and in tail areas after 450 Km of canal (near Mahangarh)
at a distance of about 50 Km from tail. Even the coarse sand (locally known as
Bajri) required for cement mortar is available at a distance of 200 to 300 km away
from canal in deep quarries of Shivbari (Bikaner) and Bap (Phalodi). However,
clay soil for manufacture of tiles/bricks is available in small pockets in depression
in between sand dunes, at distances varying from 5 to 100 Km. The section of lined

canal and type of lining was decided after detailed deliberation and discussions in a

symposium.

3.1.2 Internal Section

The internal hydraulic section of lined feeder (canal) and details of few more
sections are given in Table 3.1 and Figure 3.1. The depth of the canal has been limited to 6.5
m (21 ft.), in head reaches for stability of sandy soils, operational problems and easiness in
construction. It gradually decreases in tail. Internal side slopes of 1:2 (V:H) were considered
safe for sandy soils and provided for depth from 6.5 m to 5 m, through out the entire length
of 450 Km of main canal. ‘

Bed slope has also been restricted to 1 in 12000, because of long length of canal,
practically 650 km, and to have sufficient command. Even with this flat slope, the drop in
water level is 54 m from head to tail. It is uniform from head to tail in 450 km length. It is
uniform from head to tail in 450 Km length. Thus velocities are also very much limited.
There are only two ways to increase the velocity, one is to increase the slope and second is
to increase R (as per Manning’s equation). By limiting depth and energy slope and internal
side slope, velocity is very much limited in the entire length from 1.5 m/s to 1.2 nv/s. Bed
width varies, practically from 11 times the depth at head to 2 times the depth at tail.

3.1.3 Lining

Single title lining in bed and double tile lining on sides has been adopted. Burnt clay
tile lining up to 365 Km and thereafter P.C.C. block lining is adopted from 365 Km to
450 Km (tail). Details of tile lining are as under:

Burnt clay tile lining in bed and sides

-2



(a) Bed - Single clay tile lining

@)

(i)

(iif)

Base coat 9 mm (3/8") thick, 1:5 cement mortar plaster over compacted
and dressed sub grade.

50 mm thick 305 x 152 x 50 mm (12" x 6" x 2") burnt clay tiles laid in
6 mm thick 1:5 cement mortar on base coat

19 mm (3/4") thick 1:3 (Cement Mortar) plaster over tiles.

- Total thickness of lining =9 + 6 + 50 + 9 = 74 mm (3")

(b) Side slopes - double tile lining.

(@)

(i)

(iii)

(i)

Base coat 9 mm (3/8") thick, 1:5 cement mortar plaster over compacted
and dressed sub grade.

50 mm thick 305 x 152 x 50 mm (12" x 6" x 2") burnt clay tiles laid in 6
mm thick, 1:5 cement mortars on base coat. |

15 mm (5/8") thick 1:3 (Cement Mortar) plaster over tiles, called as
sandwich plaster

2nd layer of tiles laid in 1:3 (Cement Mortar) 6 mm thick over sandwich
plaster, total thickness of lining = 127 mm (5%4 inches)

Thus it can been that lining of bed is cheaper than sides. The ratio of cost may be
around 40:60, between bed and sides.

3.1.4 Lining of Branches, Distributaries and Minors:

Initially all branches, their distributaries and minors were planned, designed and

. constructed as unlined channels. The area through which these are passing varied from

sandy dunes of desert to hard clay, soils of all sorts and many times entered kankar, gypsum

from soft to very hard (locally known as dhandla, a weak stone).

@

(i)
(i)
(iv)

These channels were designed by Kennedy's formula, with the help of Garrat's
Diagram, and the following stipulation about Manning's N. (RCP 1962)

Discharge Manning's N Corresponding value of
silt factor (f)
up to 5 cusecs (0.11 cumecs) .03 3.16 (gravel)
5 to0 50 cusecs (1.35 cumecs) 025 1.52 (coarse sand )
51 to 500 cusecs (1.35 to 1.4 cumecs) .0225 1.00 ( standard silt )
above 500 cusecs (1.4 cumecs) .02 0.62 (finesilt)
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(Lacey, related his silt factor 'f to Manning's N, the coefficient of rugosity by the
expression, N = .0225 .

Also a bed width depth ratio (B:D) for unlined channels was adopted as per CWPC
(1960) practice. According to it, B:D ratio varies from 2.9 to 7.9 for discharge range from
10 cus;ecs (0.25 cumecs) to 2000 cusecs (60 cumecs). That means most of the channels had
width more than 5 to 9 times the depth. Also critical velocity ratio ( V / V,) was kept near
unity and velocity was restricted to 2.5 ft/sec.

Thus, the channels are very wide enough even for discharges less than 3000 cusecs,
with very flat slopes.

Later on, around the year 1970, it was decided to line these earthen channels and
designs, construct future canals as lined channels.

Different practices of internal section for lining the earthen channels were adopted.
Most of new channels were designed and constructed as Mehboob section and lined with
single or double tile lining. But near tail areas, the design was ful"ther' changed to suit to
different type of lining in bed and sides, and use LDPE/PVC film.
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Table 3.1
Details of Indira Gandhi Canal Sections, India. Double Tile Lined (DTL),
Bed Slope 1 in 12000, n = 0.017, Trapezoidal Section with Curved Ends, Side Slopes2 : 1 (H : V)

Discharge | Velocity | Bed Depth B/D Wetted Area | Hydraulic
S. Location Width ratio | Perimeter Radius
No of .
Canal Q \Y% B D X P . A | R=AP
(m’/s) (mvs) (m) (m) (m) (sqm) | (m)
7
1 2 3 4 5 6 5/6) 8 9 10
km 30 (4.64) ‘ '
®D 100) 447 sho | 3383 | 640 | 529 70.72 - | 317.56 | 4.49
. Km 122 (4.58) ‘
2. | RD400) 358 Uwo | 2225 | 640 | 3.48 59.14 24343 | 412
~ Km 134 (4.45) | 21.95
3. | D a40) 353 166 6.40 | 3.43 58.82 | 24138 | 4.10
Km 146 (4.46)
4 | ®RD475) 317 143 1860 | 640 | 291 5509 | 21677 | 3.93
Km 170 (4.45)
5| @D 560) 308 g 1829 | 634 | 2.88 5478 | 214.77 | 3.92
Km 189 280 @35) 3.81
6. | (RD 620) a1 1585 | 634 | 2.50 5237 | 199.49
Km 216 (4.35)
7. | ®RD710) 267 305 | 1524 | 625 | 249 5125 | 19152 | 3.74
Km 250
8. | RD820) 237 (1‘"33653 1250 | 625 | 200 | 4850 |17434| 3-°
Km 293 4.06)
9. | RD962) 178 1263 | 1219 | 542 | 225 47.04 | 16355 | 3.48
Km 341 407
10. | (RD 1120) 166 (1'2 4) 1219 | 533 | 229 4291 | 13503 | 3.15
Km 384 (3.98)
1L | RD 1260) 151 517 | 1067v| 527 | 2.02 41.00 | 12451 | 3.04
Km 445 (3.8%)
12| RD 1400) 136 11 |1036v]| 506 | 205 39.52 | 11555 | 292
Source: IGNB-Revised Project estimate, (1990) 1RD = 1000 ft.
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0=2656"" T [ $=2656
N 4 . :

R 6.3%9m R A= 19949 m’
| “og P= 537m
: M 1 . R= 38im
e— 1685 m——— V= 14im/s
Q = 280.00m’/s

(i) Section of IGMN From K.m 189 to 216 (RD - 620 to RD - 710)

F.B=0.76m

—t—
i)

0=2656" | T
\ ‘:1
6.02 m

R

-«

A= 16355m’
P= 4704m
; R= 348m
" j V= 1263m/s
4T 1218m — e Q= 17800m'/s
(itt) Section of 1.G.M.N.R.D.-962
l =
— v FB=076m foL e
¥ L 0=2656 \
5.273m g A= 12451 m?
g P= 41.00m
; v . R= 304m
L V= 1217mis
Q= 155.55m' /s
(iv) Section of 1.G.M.N. R.D.-1260
— _L F.B=076m sl P
2656 . L3 " 0=2656"
0o 5.06 m "
R Lo 20 A= 15555 m’
: v : P= 39.52m
P 10.36m ————q R= 2%m
V= 118m/s
R.D.-1405 ' Q= 136.00m'/s
- (v} Lined Canal Section of .GMN,
Figure -31 Canal Sections of Indira Gandhi Main Canal (IGMN) Between km. 189 to 445.
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3.2 STUDY OF FLOW CHARACTERISTIC OF THE MAIN CANAL

The main canal is designed for a maximum discharge of 524 m%/s at head i.e at km 0.
A large of number of branches, distributaries and minors off take from the main canal at
different location all along the canal. These are shown in the L- section, Figure 3.2 and a
statement off taking canals is given Table 3.2. Many distributaries such as lift canals have
been planned subsequently. Also discharges of few off taking channels have been changed.
A clear and updated data are not available. So data available are indicated in the Table and
plotted in the L - section. A half bottom plan of the canal is also shown in Figure 3.3.

The L-section shows following important features

(i) The bed slope is very mild, 1 in 12000 and uniform through out the entire

length.

(i)  Canal has a maximum depth of 6.4 m at head to 5.06 m at tail (Km 444).

Decrease in depth is done by a up step in the canal.

(ili)  Designed discharge varies from 524 m*/s at head to 151 m’/s in tail.

(iv)  B/D = X ratio varies from 11 near head to 2 in tail.

(v) Maximum velocity of flow at designed discharge is 1.524 m/s at head and

gradually decreases to 1.18 m/s at the tail. |

(vi)  There are 9 cross-regulators in the main canal and flow is regulated through

them.

The maximum discharge is to pass only for a short duration in year. For the rest of
period discharge varies according to capacity factor. The capacity factor in lean month is
around 0.55 and generally around 0.6 to 0.7, except few months when it may 0.8 or 0.9. It is
1 only in peak demand of 1 month.

With decrease in discharge velocity further decreases. At the cross-regulators the
velocity is not uniform. It varies gradually according to discharge.

The canal alignment passes through heavy sand dunes. Two typical cross-sections of
heavy cutting and filling are shown in Figure 3.4 and 3.5.

It is reported that the canal get silted due to héavy dust storms. There is no silt

ejector in the canal.

I - 14



In this study an attempt is made to know the flow characteristics of main canal,

sediment transporting capacity and comparison with the designed practices.

3.3 EFFECT OF CROSS REGULATOR.

From consideration of regime of channels it will be better if there are no structures

across any channel but to carry on regulation without cross regulators is very difficult. The

absence of cross regulators envisages constant supply to all off taking channels. But the

demand on any channel is not constant with respect to time. Also a particular channel, may

have to be closed due to some repairs or on account of breach in it. The supply in the parent

channel is not constant. If the supply is reduced the level will fall and other off taking

channels will not be able to draw full supply discharge. Thus cross regulators are a

necessary evil. Still these are unavoidable and have fallowing advantages.

Advantages of cross regulators:

()

(i)

(iii)

(iv)

(vi)
(vii)

When there is no head regulator on the main canal the cross regulators to a
certain extent minimize the disadvantages for want of head regulator.

When the water level in the main canal is low, they help in raising the water
level and feed the off taking channel.

They help in raising water level above the designed and thus give full supply
to lands slightly above the command level of the canal,

They enable parent channel to be divided into sections for easy regulation.
They help in absorbing fluctuations in various sections of the canal and thus
reduce possibility of flooding tail reach and causing breaches there. The
excess discharge is therefore retained all along the canal.

They help in closing of breaches in lower sections.

They facilitate working of the whole system by rotation in days of low supply
and thus reduce silting in the branch canals.

It is a well-known principle in irrigation engineering that a canal should

either run full or dry. When designed for high level and if it runs at low level,
considerable silting occurs as the ratio of mean to critical velocity falls.
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(viii) They help in increasing revenue by ensuring full supply discharge to most of

(ix)
)

the tracts.
They facilitate construction of road bridges with little additional cost.
If the cross regulators were not there all the branches could not be designed

with a high full supply level so that much of the area will be thrown out of
command.

Disadvantages of cross regulators:

3.4.

@

(i)

While cross regulators on the parent channel prevent silting of off taking
channels by making system of rotation possible, but they by heading up
water, cause the parent channel to silt. Part of this silt may be washed away
when the cross regulator is opened. Still it must be admitted that too frequent

heading up in case of a canal provided with many cross regulators will affect

- its working.

A relieving factor however is that in the lower reaches where the cross
regulators are more frequent, water is usually clearer.
Cross regulators put in an undue large power in the hands of low paid

establishment, who for personal gain are apt to misregulate. A strict watch,

control by rotation Tables and surprise visits, though are the remedies for

this, but cost much.

On the whole advantages and convenience from regulators outweigh their

few disadvantages.

METHODOLOGY OF COMPUTATION OF FLOW PROFILE UPSTREAM
OF A CROSS REGULATOR

By heading up water during low supplies to maintain FSL, a backwater curve is

formed for some distance upstream of the cross regulator. The computation of flow profiles

involves basically the solution of the dynamic equation of gradually varied flow. Broadly

there are three methods of computation; namely.

()
(i)

(iii)

The graphical integration method.
The direct integration method

The direct step method

I[I1-16



The direct step method is a simple step method applicable to prismatic channels. It is
characterized by dividing the channel into short reaches, and computing step by step form
one end of the reach to the other.

According to the principle of conservation of energy,- the total energy head at the
upstream section (i) should be equal to the total energy head of the downstreani section (ii)

plus the loss of energy between the two section, see figure below.

A Channel Reach for The Derivation of Step Methods
(Chow, 1973)

q A 4
.(,Ax+y,+a,~2—§ = S, Ax+y2+a,7——+hf

-

Solving for Ax , we get

_E,-E,  AE

Ax =
S, —S; S, =S,

and for low velocity uniform flow a; = a2 =1 and for short length, hymay be taken
equal to 0.
SoAx + Ey = Sf Ax+ E,
Also, y = V* 2g =E , where E is specific energy
That is specific energy is equal to the sum of the depth of water and the velocity head
measured with respect to the channel bottom the total energy in the flow of the section with

reference to a datum line is the sum of the elevation z, the piezometric height y, and the

HI-17



velocity head V¥ 2g. Where y the depth of flow, V the mean velocity, o is the energy
coefficient = 1, So = the bottom slope, S¢= the friction slope. S, = the average value of Sg.
In Manning ‘s formula , the friction slope is expressed by
where ,

n =roughness ; V=mean velocity ; R = hydraulic radius

This requires a discharges rating curve of the canal. Computations of this are done in
para 3.5. and Table 3.3. It is shown in Figure 3.6. The computation of backwater are done .
with the with the help of this Figure and by the above step by step procedure as explained in
Table 3.4. The explanatory notes for simplicity are also given below the Table.

The back water curve is blotted in Figure 3.7. This curve is computed for 2/3 full

supply discharge, as the same is considered most predominant.

3.5 DEVELOPMENT OF FLOW RATING CURVE OF INDIRA GANDHI MAIN
CANAL BETWEEN KM 384 TO KM 410 ( RD 1260 TO RD 1345 ) FOR
UNIFORM FLOW

Project Data :

Channel Parameters ,
Discharge, Q = 151,375 m’/s ; Bed width ,B=10.67m ; Depth,h=527m
Bed slope ,So = 1/12000 ; Roughness,n=0.017 ; Side slope, H:V=2:1

Cross section of canal, trapezoidal section with curved ends as below :

4  FB=078m

Cross Section Of I.G.M.C between Km 380 to Km 410 (RD1260 to RD 1345)
I11-18



Computation of discharge versus gauge

@

Up to ht 0.557 m curved position
A=Bxh+2 (nh’$/360 — 2 4.713 x 2.357)
= 10.67 x 0.557 + 2[n x (5.27)* x 26.57/360 — 1. 4.713 x 2.357]
=5943+1.771=7.714 m" '
P =B + 2 (2rxh x ¢/ 360) '
=10.67 + 2( 21 x 5.27 x 26.57/360 ) = 15.558 m
R = A/P=7.714/15.558 = 0.496 m
V =R*x 5" /n
= (0.496)*> x (1/12000)"% / 0.017 = 0.336 m/sec
Q =AxV=7714x0.336 =2.596 cumecs

(i) Up to height 1.00 m

(iii)

(tv)

A=7.714+[(15.384 + 17.156) / 2] x 0.443 = 14.905 m®

P =15.558 +2 x /0.443>+0.886% = 17.539 m

R = 14.905/17.539=0.850 m

V =(0.850)* x (1/12000)"% /0.017 = 0.482 m/sec

Q =14.905 x 0.482 = 7.182 cumecs

Up to height 1.50 m

A =14.905 + [(17.156 + 19.156) /2] x 0.5 = 23.983 m?

P =17.539 +2,0.5°+1> =19.775 m

R =23.983/19.775=1.213 m

V = (1.213)** x (1/12000)"* / 0.017 = 0.611 m/sec
Q =23.983x 0.611 = 14.648 cumecs

Up to height 2.00 m

A =23.983 + [(19.156 + 21.156) /2] x 0.5 = 34.061 m’

P =19-77.5+ 2\/(0.5)2+12 =22.011m

R =34.061/22.011 =1.547m
V = (1.547)** x (1/12000)"? /0.017 = 0.718 m/sec
Q =34.061 x0.718 = 24.470 cumecs
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)

vi)

(vi))

(viii)

(ix)

Up to height 2.50 m
A=34.061 + [(21.156 +23.156) / 2] x 0.5 = 45.139 m’

P =22.011+ 2,/(0.5)2+12 =24.247 m

R =45.139/24.247 = 1.862 m

V =(1.862)* x (1/12000)"2 /0.017 = 0.813 m/sec

Q =45.139 x 0.813 = 36.686 cumecs

Up to height 3.00 m

A =45.139 +[(23.156 + 25.156) /2] x 0.5 = 57.217 m?

P =24247+2 \/(0.5)2+12 =26.4832 m

R =57.217/26.2483 =2.161 m

V = (2.161)* x (1/12000)"? /0.017 = 0.897 m/ sec

Q =57.217 x 0.87 = 51.348 cumecs

Up to height 3.50 m

A =57.217 + [(25.156 + 27.156) /2] x 0.5 = 70.295 m’

P =26.483 +2,/(0.5)+12 =28.719 m

R =70.295/28.719 =2.448 m

V =(2.448)*" x (1/12000)"2 /0.017 = 0.975 m/sec

Q =70.295 x 0.975 = 68.557 cumecs

Up to height 4.00 m

A =70.295 + [(27.156 +29.156) /2] x 0.5 = 84.373 m®

P =28.719 + 2,/(0.5)°+1* = 30.955 m

R = 84.373/30.955 =2.726 m |
V =(2.726)** x (1/12000)" /0.017 = 1.048 m/sec
Q =84.373 x 1.048 = 88.405 cumecs

Up to height 4.35 m
A = 84.373 +[(29.156 +30.556)/2] x 0.35 = 94.823 m’

P = 30.955 +24/(0.35)* +(0.7) =32.520 m

R = 94.823/32.520 = 2.916 m
V =(2.916)* x (1/12000)* / 0.017 = 1.096 m / sec.
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®

o)

(xii)

(xiii)

xiv)

Q =94.823 x 1.096 = 103.924 cumecs
Up height 450m
A = 84,373 +[ (29.156 + 31.156)] /2 x 0.5 = 99.451 m”

P =30.955+ 2,/(0.5)2+12 =33.191m

R =99.451/33.191 = 2.996 m
V =(2.996)** x (1/12000)" /0.017 = 1.116 m/sec

Q =99.451 x 1.116 = 110.993 cumecs

Up to height 4.60 m

A =99.451 +[(31.156+31.556)/2 ] x 0.1= 102.587 m®

P =33.1914+2,/(0.2)? +(0.1)> =33.638m

R = 102.587/33.638 = 3.050 m
V = (3.050)** x (1/12000)'*/ 0.017 = 1.129m / sec.

Q =102.587x 1.129 = 115.850 cumecs

Up to height 4.80m

A =99.451 +[(31.156 + 31.756) /2] x 0.3 = 108.888 m’

P =33.191 +2,/(0.3)+(0.6)° = 34.533 m

R =108.888/34.533 =3.153 m

V = (3.153)%* x (1/12000)"% /0.017 = 1.155 m/sec

Q =108.888 x 1.155 = 125.730 cumecs

Up to height 5.00 m

A =99.451 +[(31.156 + 33.156) /2] x 0.5=115.529 m*

P =33.191 +2,/(0.5)?+0.1> =35.427 m

R =115.529 /35.427 =3.261 m
V = (3.261 )% x (1/12000)2 /0.017 = 11.81 m/sec

Q = 115.529 x 1.181 = 136.424 cumecs

Up to height 5.27 m

A =115.529 +[(33.156 + 34.236 ) /2] x 0.27 = 124.627 m®

P =35.427 +2+/(0.27)*+0.54’ = 36.634 m
R =124.627 /36.634=3.402 m
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V =(3.402 )*? x(1/12000) /0.017 = 1.215 m/sec

Q =124, 627 x1.215=151.37 cumecs

All these data are tabulated in Table 3.3 and plotted in Figure 3.6 which gives
discharge rating curves. From this table, discharge can be read for any gauge (stage / depth

of flow) or vice versa. This table is further used in development of backwater curve
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4 FB=076m

* FSL.
0 =26.56"/ T [ 0=26560 =0 6 Q = 151 cumecs
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Cross Section of .G.M.N. between Km. 384 to Km.410 ( R.D. 1260 - 1345), Project Design
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Explainatory notes to Table 3.4 :

Col.2
Col.3

Col.4
Col.5

Col.6

Col.7
Col.8

Col.9

Col.10

Col.11

Col.12

Col.13

Col. 14

Depth of flow above bed is m, arbitrarily assigned from 5.27 0 4.35 m.

Water area in m” corresponding to the depth y in col.2, where A=94.667 taken from canal
rating at discharge curve, Figure 3.6.

Hydraulic radius from Table 3.3 in m corresponding to y in col.2.

Four — thirds power of the hydraulic radius (R), i.c R*?; row (1),

R = (3.402)** =5.117m*’

Mean velocity in m/s obtained by dividing 100.67 cumecs by the water area in col.3

=QIA : forrow (1), V = 100.67/124.627 = 0.808 m/s

Velocity head in m, aV?/2g; for row (1), o V2/ 2g = (1 x 0.808%)/(2 x 9.81) = 0.033 m
Specific energy in m obtained by adding the velocity head in col.7 to the depth of flow

in col.2iecol.2+col. 7;row (1), E=5.27+0.033 =5.303 m

Change of specific energy in m, equal to the difference between the E value in col.8 and
that at the previous step. i.e.row (2)-(1) and son, rowv (2) : AE=5.303-5.039=0.264 m
Friction slope computed by n’V2/ R** with n = 0.017 and with V as given in col.5 and R*?
in col.5. row (1) ; S¢=(0.017% x 0.808%) / 5.117 = 0.0000369

Average friction slope between the steps, equal to the arithmetic mean of the friction slope
just computed in col.10. and that of the previous step i.e row (1) ; row (2) :

St = (0.0000369 + 0.0000453) / 2 = 0.0000411 |

Ditference between the bottom slope 0.00008 and the average friction slope ; row (2) :

So — S¢=0.0000833 - 0.0000411 = 0.0000422

Length of the reach in m between the consecutive steps, by dividing the value of AE in
col.9. by the value in co0l.12 ; row (2) : AX = 0.264 / _0.0000422 =6.256 m

Distance from the section under consideration to the gate site (upstream from regulator) ;
row (2) : X=6,256 + 0 =6.256 = 6,256 m

Inference :

With 2/3 discharge i.e. 151x2/3 = 100.67m’/s. the depth for uniform flow is 4.35 m. In order

to maintain FSL at the cross regulator, it is partially closed. The water level at upstream of the
regulator is maintained at FSL (corresponding to 151 m/s) and there is a gradually varied flow in a
length of 38.8 Km (known as back water curve). The velocity at uniform flow for 100.67m’/s is 1.09
m/s and it goes on reducing in the zone of back water till the regulator to 0.808 m/s. See Figure 3.7

therefore this zone shows a higher rate of silting, see para 3.6.1 and 3.6.2.
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3.6 SEDIMENT IN FLOW AND ITS TRANSPORT

Lot of sediment (fine sand for classification, see Figure 3.8) enters in the entire
length of the canal, through dust storms a peculiar phenomena of the desert area. General
typical cross - section shows, Figure 3.4 and Figure 3.5, shows that the canal passes through
heavy cutting and filing. The entire alignment is in alternate heavy cutting and heavy filling,
again a peculiar phenomena of desert dune areas. More sediment enters in heavy cutting and
adjoining filling reaches:. '

Though efforts of plantations are being made in the area, yet the magnitude of
reduction in sediment is not certain. Detailed observation of sediment are not available. The
aspect of sediment transport is not available in the revised project report (Revised Project
Estimate Volume I, 1993). Here an effort is made to know the sediment transporting -
capacity of channel.

Temperature

Indira Gandhi canal suffer extreme of temperature. Winter is quite cold and at places
the mean minimum temperature is normally recorded in the month of January and varies
from 4.7 to 7.9°C. The hottest months are from April to September with the peak
temperature being mostly in the month of May when the mean maximum temperatures vary
from 41.5 to 42.0°C.

Wind

The general wind direction in the region is southwest. The wind speed remains
highest in Bikaner and Phalodi and Jaisalmer through out the year and gradually decreases
as one moves towards North-East. Dust storm are very common during summer when hot
winds prevail. Maximum number of dust storms occur in April to June. Due to poor rainfall,
humidity, in this tract is ext.remely low, sand storms are of frequent occurrence during major

part of the year. There is very little vegetation, which could stabilize the sandy soil.
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3.6.1 Total Sediment Transport by Einstein Method, for Uniform Flow between
Km 384 to Km 410 of IGMC At 20°C of Water, Medium Season - March, July
to November, for Project Designed Section.

Project Data :

(i) Channel parameters:
Discharge Q = 151.375 m/s ; Bed width, B = 10.67 m; Top width, Br = 34.23 m
Full supply depth, D =5.27 m: Bed slope, Sy = 1/12000

B+B; 10.67+34.23
2

=2245m

Average bed width, B, =

Flow characteristic of uniform flow are given in Table 3.3 and Figure 3.6
(i) Water properties
Temperature of water, T = 20° C ; Density at 20°C, p = 998.2 Kg/m’
( see Anmexure -1) _
Specific weight of fluid, yr = 1Ton/m> ; Viscosity at 20° C, v = 1.003 x 10 m/s
(see Annexure —1)
(iii) Sediment properties:
Diameter of sediment, d3s = 0.145 mm, dso = 0.15 mm, des = 0.16 mm
(from Figure 3.8)
Density of solid particle, ps= 2650 Kg/m® ; Specific weight of sediment,
¥s = 2.65 Ton/m’ ; Settling velocity, vs (d3s) = 0.017 m/s (from Figure 2.28)
(iv) Computations of sediment transport
Sediment transport is calculated by Einstein’s method given at 2.6.1 in Table 2.6,
for different depths of flow in the main canal. The depth of flow will change with
the change in discharge. The computations are done in a tabular manner as given in
Table 3.5. Explanatory notes for calculations are also given below the Table. The
total sediment transport (discharge) is plotted in Figure 3.9 versus gauge and also

shown against corresponding discharge.
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Col.2,
Col.3.
Col4.

Col.5.

Col.6.

Col.7.
Col.8.

Col.9.

Col.10.

Col.11.

Col.12

Col.13.

Col. 14,

Col.15.
Col.16.

ks/0

Pe

\'j:

{sb

Qs

Ag

Explainatory notes to Table 3.5
Flow depth (from Table 3.3)
Hydraulic radius (from Table 3.3)

Friction velocity, V, = JgR—S(,
Thickness of viscous sub layer, 6 =1 1.5 v/Vs;row (1)
8 =11.5(1.003x10%/0.02 )

=5.767x10" m

Relative roughness, ks/8 = des/0 row (1) ;
ks/8 = 1.45x10%/ 5.767x10* = 0.277
Correction term for logaritmatic velocity distribution (from Fig 2.27)
Apparent roughness diameter, A = d¢s/X , row (1) ;
| A= 1.6x10%0.6 = 2.667x10* m
Transport parameter, P. = 2.203 log (30.2 h/A), row (1) ;
P.=2.203 log (30.2x 0.557/2.667 x 10'4) =11.054
Intensity of shear,y+=(ys-1)d3s/RSo, row (1);
[2.65-1)x 1.45x 107}/(0.496x0.00008) = 6.029

Intensity of transport, ¢« = f (y+) , (from Figure 2.26)

Solid discharge,as bed load, by volume and per unit width,

G = o+ [(y, —1) gdZ, row (1)

= 0.4x/(2.65 1) x 9.81 x (1.45 x 10™)’ =2.810x10°° m%s/m

Solid discharge, as bed load, by volume, row (1);

Qs =2.810x 10°x22.45 =6.308 x 10° m’/s

Qw x 12 x 3600 x 24 in tons/day, row (1) ;

Qu= 6.308 x 3.600 x 24 = 5.450 m*/day
S.No

Dimensionless height, Ag = 2d3s/h, row (1) ;
Ag = (2 x 145 x 10%/0.557 = 5.207 x 10™
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Col17. gz Rouse exponent, 7= Vs /KV.,
Vs Settling velocity ( from Figure 2.28), row (1) ;
z=0.017/(0.4 x 0.02) = 2.125
Col.18. I; Einstein’s first integral, (from Figure 2.17)
Col19. I, Einsten’s second integral, (from Figure 2.17)
Col.20. Qs Solid discharge, as suspended load, by volume and by unit width,
Qss = qsb (Pel2412 ), row (1) ;
Q= 2.810 % 10® (11.054 x 0.182 ) — 1.667 = 9.7 x 10° m’/s/m
Col2l. Q«  Solid discharge, as suspended load, by volume, Qg = gy X By, row (1) ;
Qs=9.7x10°x22.45=2.175x 10° m’/s
Col22. Qs  Solid discharge, as total load, by volume, row (l);»
Qs =2.175 x 107 x 3600 x 24 = 1.879 m*/day
Col23. Qs  Solid discharge, as total load, by volume, Q; = Qu+ Qs , row (1) ;
Q,=6.308 x 10° +2.175 x 10° = 8.483 x 10° m’/s
Col24. Qq Solid discharge, as total load, by volume, col. 23 x 3600 x 24, row (D
Q.= 8.483 x 3600 x 24 = 7.329 m*/day
Col25. Gg Solid discharge, as total load, by mass, Gs= Q,x ps, row (1) ;
Gs= 8.483 x 10” x 2650 = 0.00008 = 0 Kg/s
Col26. Gs  Gsx 3600 x24 in tons/day, row (1) ;
G: = 0 x 3600 x 24 x 10> = 0 tons/day

3.6.2 Total Sediment Transport by Ackers Method,for Uniform Flow between Km
384 to Km 410 of IGMC At 32° C of Water, Very Hot Season, April, May and
June, for Project Designed Section
Project Data :
(i) Channel parameters:
Discharge Q = 151.375 m/s ; Bed width, B = 10.67 m; Top width , Bt = 34.23m
Full supply depth , D =5.27 m ; Bed slope, So = 1/12000

B+B; 10.67 +34.23
2 2

Flow characteristic of uniform flow are given in Table 3.3 and Figure 3.6

Average bed width B, = =2245m

I - 33



@)

(i)

(iv)

Water properties

Temperature of water, T = 32° C ; Density at 32° C, p = 994.923 Kg/m3

(see Annexure -1)

Specific weight of fluid, ys = 1 Ton/m’; Viscosity at 32° C, v = 0.768 x 10° m’/s
(see Annexure —1)

Sediment properties:

Diameter of sediment, d3s = 0.145 mm , dso = 0.15 mm , d¢s = 0.16 mm (from
Figure 3.8); Density of solid particle, ps = 2650 Kg/m> ; Specific weight of
sediment, y, = 2.65 Ton/m’ ; Settling velocity , Vi (d3s) = 0.017 m/s (Figure 2.28)
Computations : ( from at 2.6.9 in Table 2.6 Ackers and White )

1/3
Dimensionless diameter of grain Dy, ,Eq (x) = d3s [_______g(vsz— 1)]
v

1/3
2145x104{9.81(2.65—1)}

(0.768x107%)?
= 43737
0.23 0.23
Parameter A, E, (vil) = +0.14 = ——=——=+0.14 = 0.2500
« (V1) VDo 43737
Parameter N, Eq (vi) =1.00-0.56 log Dy =1.00 - 0.56 log 4.3737 =0.6411
Parameter m, Ey (viii) = 9.66/Dg+1.34 = 9.66/4.3737 + 1.34 =3,5487

Parameter C, E, (ix) log C =2.86log Dy — (log Dg)>3.53
Log C =2.86 log 4.3737 — (log 4.3737)%- 3.53 =-2.1079
or C =0.0078

Sediment transport computation for different discharges, according to flow rating curve

given in Figure are done in a tabular manner given in Table 3.6
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Explainatory notes to Table 3.6 :

Col2 h  Flow depth. (from Table 3.3 )
Col3 R Hydraulic radius ( from Table 3.3 )

Col4 V. Total shear velocity, V- =4/g RS, , row (1);

V+=4/9.81x 0.496 x 0.00008 =0.02m/s
Col5 V  Average velocity ( from Table 3.3)
Col6 Q water flow ( Liquid ) discharge ( from Table 3.3 )
Col7 Fg Parameter of mobility, ’

(1-n) '
V vV
F = d : row (1) ; Fe =
" Ja,-Degd, L/az Iog<10h/d35)] M ¥

0.02)"*" 0336 e
.02 { : ] =0.353

J(2.65-1)x 9.81 x1.45x 107 | /32 x log (10 x 0.557 ) /1.45 x 10°*

Col.8 G, Transport parameters, Gg = C [E{;g‘_r - 1} , row (1) ; Gg= 0.0078
3.5487
{%35533——1] = 3.353x 107

Col.9 G; Concentration by Volume,

C, = Ggr%z(gj ,row (1); Cs =3.353 x 10™ x

*»

1.45x10™* [0.336]“’““

0.557 0.02
=530x 107

Col.10 Csx 10%, row (1) ; Cs = 5.30 x 107 x 10°® = 0.530 ppm

Col.11 Qs Solid discharge, as total load, by volume, Q;=Csx Q, row (1) ; Q; =5.30x

10”7 x 2.596 =1.38 x 10® m’/s
Col.12 Q. x 60 x 60 x 24, row (1) ; Q. = 1.38 x 10° x 3600 x 24 =0.119 m*/day

Col.13 G Solid discharge, is total load, by mass, Gs = Qs ps, row (1) ;
G, = 1.38 x 10 x 2650 = 0.0037 ~ 0 Kg/s
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3.6.3 Total Sediment Transport by Ackers Method, for Uniform Flow between Km

384 to Km 410 of IGMC at 20°C of Water Medium Season, March, and July to

November.

Project Data :

)

(i)

(iii)

@iv)

Channel parameter :

Discharge Q = 151.375 m/s ; Bed width, B=10.67m; Top width, Bt =34.23 m
Full supply depth, D =5.27m: Bed slope, So = 1/12000

B+B . .
Average bed width, B, = v 10.67 + 3423

=2245m

Flow characteristic of uniform flow are given in Table 3.3 and Figure 3.6

Water properties: o

Temperature ‘of water, T = 20°C; Density at 20° C, p = 998.2 Kg/m® ( Annexure-1)
Specific weight of fluid, y¢ = 1.0 Ton/m® ; Viscosity at 20° C, v = 1.003 x 10 my/s
(see éumexure -1)

Sediment pmpeﬁies:

Diameter of sediment, dszs = 0.145 mm, dsp = 0.15 mm, d¢s = 0.16 mm (Figure 3.8)
Density of solid particle, p,= 2650 Kg/m’; Specific weight of sediment, y;= 2.65
Ton/m? ; Settling velocity, Vi (dss) = 0.017 m/s (from Figure 2.28)
Computations : ( from at 2.6.9 in Table 2.6 Ackers and White)

1/3
-1
Dimensionless diameter of grain Dy ,Eq (X) = d3s [g(ysz )jl
\%

173
=1.45x 107 9'81(2'65"61)2 = 3.6606
(1.003x10™°)
0.23 0.23
Parameter A, Eg (vi) =—=—+0.14 = —+0.14 = 0.2602
| ? /D, V/3.6606

Parameter N, Eq (vi) =1.00-0.56 log Dy = 1.00 - 0.56 log 3.6606 = 0.6844
Parameter m, Eq (vili) = 9.66/Dg+1.34 9.66/3.6606 + 1.34 = 3.9789
Parameter C, E, (ix) log C = 2.86log Dy — (log Dg)>3.53
Log C 2.86 log 3.6606 — (log 3.6606)° - 3.53 = - 2,2358
or C = 00058,

Sediment transport computation for different discharges, according to flow rating

curve given in Figure are done in a tabular manner given in Table 3.7
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GRAIN SIZE DISTRIBUTION

e et e e g

( sieve analysis )
diameter (mm) % finer
710 100
500 100
300 99
212 95
150 46
075 1
063 0
.05 07 .09 0.2 0.4 0.6 Q3
i
100 == .
30 /
80
74 |
i -
3:"685*~“_T‘—~J_-—‘—“—‘/- dss = 0.145 mm
Z i
@ it dso = 015 mm
%50""""“—"““‘“"‘"‘“_ ::“"d“:OJSmm
g 40 J‘[ d75 = 0165 mm
W Il
Q.d;s'—'——ﬂ"——“—“'—‘-!L-—i—-*'-*——-——- l”
20 i
(I
10 |l ll
L/ 1T it
or med:un size
d zﬁ'/ 20 L
.03 .04 06 08 O 015 o.3 © 05 0708 .10
SIZE d in mm

FlG 38-CUMULATIVE SOIL CLASSIFICATION
CURVE

I -40




w-lt ’

'

. 796661 : .
. . w Yo lEE =% 001x 778675 013Dy ( S%€1 QY 01 0971 aY)
e LIS oo sy UD pOYN SUaISIT 0Ly Wy 0} YGE W) UIIM]3Q |DUD) UID 1YPUDY DIPu] Jo4
udam}aq abJoyasip Addnsin 30 110dsuD.) JUBWIPIS VI BdURIRIYA ) JANYND
J94VHISIO LNINIQ3S ANV FOUVHISIA - 39NY9 — 6¢ 914
(s7¢wt) 59" 3OUVHISIO LN3WIOIS (/W) 59 394VHOSIO
%M_." “N.owxmmm,omm ” mbq_.“m mloﬂz N\ow_.~ “.m,o_ﬁ\._ \ mbwm. , m.owxm m.o%& m.o_ﬂ_" “.Nomxm k*m " .Nb_..,xm .N.o—me w0 1| 0 _.owxm b.".m Fo_Mm ﬁoWﬁ movﬁ Nowm

|
! N

P

Lo !

o

!
i
I
1
i
i

. - - 3unjosadwa) 18I0M J0 O 0Z 10
| POyl SNIZLSNI Ag 1odsup] poo 1Dj0]

1 )
H H

aunjoiadwal 1910M Jo ) OF 30 RE- ¥
POUIBN SHINIY .E }odsupl) poo7 10l ‘

// SIGIRGUOL DM 10 ) 07 B POYIIN o - -S¥IMOV
S¥IN0V AQ 1103SUDIL POOT Dj0L v NI3ISN3

: | 59 vinweos 1%,




3.6.4 Comparison of Sediment Transport :

The sediment transporting capacity of the channel according to discharge for uniform
flow is plotted in Figure 3.9 against gauge. Since the day and night temperature and also
month to month temperature varies considerably ( see para 3.6) sediment transporting
capacity should be worked out for a range of different temperatures. Here it is worked out
for two temperatures of water at 20° C and 32° C by Acker’s method. These are plotted in
Figure 3.9. With increase in temperature, sediment transport decreases. This is due to

decrease in viscosity of water with rise in temperature.

Also sediment transport by Einstein Method is shown in the graph. This method
gives, more sediment transport by 332.04 % at peak discharge than by Acker’s Method.

Sediment transport and deposits upstream of cross regulator:

Sediment transporting capacity of the channel in the zone of gradually varied flow
computed by Acker’s Method is shown in Table 3.8 for 2/3 discharge. 2/3 full supply
discharge is considered more prominent, next to the full supply discharge. For any other
discharge it can be worked by above procedure.

This Table shows additional silt deposits in the up stream of cross-regulator as under:
Volume of channel between back water length of curve = 20.0 Km (approx). Area of cross
section at 390 Km, corresponding to 2/3 full supply,
discharge i.e. at gauge 4.35 m = 940 m®
Area of cross section at 410 Km, corresponding to FSL i.e. at gauge 5.27 m = 124.6 m’
Average area =109.3 m’
Volume of canal between backiwater curve = 109.3 x 20,000 = 2,186,000 m>

(i) % loss of volume by Acker’s Method for water at 20° C for gradually varied

flow = [(388,87 — 250)/2186,000] x 100 = 0.00064% per day

(i) If same % is considered through out the year then 0.0064 x 365 = 2.34%
additional capacity more than normal silt deposit is lost or that much sediment
will have to be cleared every year. Otherwise this will reduce discharging

capacity.
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3.7 REVIEW OF PROJECT DESIGN ( FOR CANAL PERFORMANCE )
It has been reported that canal get silted by wind blown sand more on sides. Also

weed grow in the canal. Then canal starts behaving as unlined canal. Therefore same is

reviewed by taking n = 0.02 , 0.025 and 0.03 computations are done for the reach.

3.7.1 For Uniform Flow, n =0.02
For cross section of canal, trapezoidal section with curved ends and computation of
A, P, and R see para — 3.5

Computation of discharge versus gauge

i) Up to Height 0.557 m curved position
A=7714m?; P=15558m; R=0.496m
V =R** x $o"? / n = (0.496)** x (13/12000)' / 0.02 = 0.286 m/sec
Q=AxV=7.714x0.286 = 2.206 cumecs

(ii) Up to height 1.00 m
A= 14905m*; P=17.539m; R= 0.850m

-V =(0.850)** (1/12000) /0.02 = 0.410 m/sec

Q =14.905 x 0.410 = 6.105 cumecs

(iii)  Up to height 1.50 m
A=23983m’; P=19775m; R= 1.213m
V = (1.213)*? (1/12000)" x 0.02 = 0.519 m/sec
Q =23.983 x0.519 = 12.451 cumecs

(iv)  Up fo height 2.00 m
A= 34.06lm"; P=2201lm; R=1547m
V = (1.547)** (1/12000)2 /0.02 = 0.611 m/sec
Q = 34.061 x 0.611 = 20.795 cumecs

w) Up to height 2.50 m
A=45139m’ ; P=24247m; R= 1.862m
V = (1.862)** (1/12000)"% /0.02 = 0.691 m/sec
Q=45.139x0.691 = 31.183 cumecs
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(vi)

(vii)

(viii)

(ix)

()

xi)

3.7.2

0

Up to height 3.00 m

A= 57217m*>; P=26483m; R= 2.16lm
V= (2.161)% (1/12000)"2 /0.02 = 0.763 m/ sec
Q=157.217x 0.763 = 43.652 cumecs

Up to height 3.50 m.

A= 70295m*; P=28.719m; R= 2448m
V = (2.448)** (1/12000)"2 /0.02 = 0.829 m/sec

Q = 70.295 x 0.829 = 58.279 cumecs

Up to height 4.00 m

A=84373m’; P=30955m; R=2726m
V = (2.726)* (1/12000)*% /0.02 = 0.891 m/sec
Q=84.373x 0.891 =75.151 cumecs

Up height 4.50 m ‘

A=99.451m?; P=33.191m; R=2996m

V = (2.996)%3 (1/12000)" /0.02 = 0.949 m/sec

Q =99.451 x 10.949 = 94.337 cumecs

Up to height 5.00 m

A=115529m?; P= 35.427 m : R= 3.261m
V = (3.261 )** (1/12000)' /0.02 = 1.004 m/sec
Q=115.529 x 1.044 = 115.969 cumecs

Up to height 5.27 m

A= 124627m’; P=36.634 m; R=3402m
V = (3.402 )¥* (1/12000)2 /0.02 = 1.032 my/sec
Q=124.627 x 1.032=128.671 cumecs

For Uniform Flow, n = 0.025

Computation of discharge versus gauge

Up to Height 0.557 m curved position

V =R*® x $,"2 / n = (0.496)?> x (1/12000)" / 0.025 = 0.229 m/sec

Q=AxV=7.714 x 0,229 = 1.765 cumecs
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(i)

(i)

()

v

vi)

(vii)

(viii)

(x)

)

Up to height 1.00 m

V = (0.850)% (1/12000)2 /0.025 = 0.328 m/sec
Q = 14.905 x 0.328 = 4.884 cumecs

Up to height 1.50 m

V= (1.213)%* (1/12000)'? 7 0.025 = 0.415 m/sec
Q=23.983 x 0.415 = 9.960 cumecs

Up to height 2.00 m

A= 34.06lm*; P= 2201lm; R=1547m
V = (1.547)* (1/12000)"2 /0.025 = 0.488 m/sec
Q =34.061 x 0.448 = 16.636 cumecs

Up to height 2.50 m

A=45139m? ; P=24247m; R= 1862m

V = (1.862)* (1/12000)"% /0.025 = 0.553 m/sec
Q =45.139 x 0.553 = 24.946 cumecs

Up to height 3.00 m

V= (2.161)*? (1/12000)"'% /0.025 = 0.610 m/ sec
Q=57.217 x 0.610 = 34.922 cumecs

Up to height 3.50 m

V = (2.448)*? (1/12000)"2 /0.025 = 0.663 m/sec
Q =70.295 x 0.663 = 46.623 cumecs

Up to height 4.00 m

V = (2.726)*? (1/12000)"% /0.025 = 0.713 m/sec
Q =84.373 x 0.713 = 60.121 cumecs

Up to height 4.35 m

V =(2.916)** (1/12000)'? / 0.025 = 0.745 m/ sec.
Q = 94.823 x 0.745 = 70.671 cumecs

Up height 4.50m

V = (2.996)%* (1/12000)"? /0.025 = 0.759 m/sec
Q =99.451 x 0.759 = 75.470 cumecs
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(xi)
(xii)
(xiii)

Xiv)

3.7.3

(ii)
(iif)
(iv)

v)

Up to height 4.60 m

V = (3.050)% (1/12000)2 / 0.025 = 0.768 m / sec.
Q =102.587x 0.768 = 78.782 cumecs

Up to height 4.80 m

V = (3.153)%* (1/12000) ' /0.025 = 0.785 m/sec
Q = 108.888 x 0.785 = 85.493 cumecs

Up to height 5.00 m

V = (3.261 )* (1/12000)'% /0.025 = 0.803 m/sec
Q=115.529 x 0.803 = 92.767 cumecs

Up to height 5.27 m

V = (3.402 ) (1/12000)' /0.025 = 0.826 m/sec
Q=124.627 x 0.826 = 102.937 cumecs.

For Uniform Flow, n = 0.03

Computation of discharge versus gauge

Up to Height 0.557m curved position

V =R?x S"?/ n=(0.496)*" x (1/12000)" / 0.03 = 0.191 m/sec

Q=AxV=7.714x0.191 = 1.471 cumec

Up to height 1.00 m

V = (0.850)% (1/12000)' /0.03 = 0.273 m/sec
Q = 14.905 x 0.273 = 4,070 cumecs

Up to height 1.50 m

V= (1.213)** (1/12000)"* x 0.03 = 0.346 m/sec
Q=23.983 x 0.34(; = 8.300 cumecs

Up to height 2.00 m '

V = (1.547)* (1/12000)" /0.03 = 0.407 m/sec
Q = 34.061 x 0.407 = 13.863 cumecs

Up to height 2.50 m

V = (1.862)*3 (1/12000)" /0.03 = 0.461 m/sec
Q =45.139 x 0.461 = 20.789 cumecs
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(vi)
(vii)
(viii)
e
()

xi)

discharge rating curves. From this Table, discharge can be read for any gauge (stage / depth

of flow) or vice versa. This Table is further used in development of backwater curve for

Up to height 3.00 m

V= (2.161)*2 (1/12000)'* /0.03 = 0.509 m/ sec
Q =57.217 x 0.509 = 29.102 cumecs

Up to height 3.50m

V = (2.448)%* (1/12000)'% /0.03 = 0.553 m/sec
Q =70.295 x 0.553 =38.853 cumecs

Up to height 4.00 m

V = (2.726)%3 (1/12000)" /0.03 = 0.594 m/sec
Q =284.373 x 0.594 = 50.101 cumecs

Up height 4.50 m

V = (2.996)%* (1/12000)* /0.03 = 0.632 m/sec
Q =99.451 x 0.632 =62.891 cumecs

Up to height 5.00 m

V = (3.261 )% (1/12000) /0.03 = 0.669 m/sec
Q=115.529 x 0.669 = 77.306 cumecs

Up to height 5.27 m ‘

V = (3.402 )*? (1/12000)'% /0.03 = 0.688 m/sec
Q=124.627 x 0.688 =85.781 cumecs

All these data are tabulated in Table 3.9 and plotted in Figure 3.10 which gives

n = 0.025 in Figure 3.11

Inference :

This Figure shows that for n = 0.02 discharge reduces from 151.375 m’/s to
128.00 m*/s and further increase in n to 0.025, discharge reduces to 102 m*/s i.e 67%
of original discharge. These computations do not take into account the reduction in
cross-sectional area due to silting, as no data could be collected. The discharge will

further reduce. With reduction in discharge velocity reduces and so more silting.
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Figure - 3,10 Canal Rating Curve or Flow Characteristics in Trapezoidal Channel With
Curved ends, Indra Gandhi Main Canal between Km. 384 to Km. 410
(RD 1260 to RD 1345), Project Design

Notes : To know discharge for a given gauge move arrow horizontally to meet discharge curve and then vertically
upwards and read discharge. Similarly for area move upto area curve and down wards to read area scale.
Similarly for velocity , move upto velocity curve and than down wards to read velocity scale.
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3.8. ALTERNATIVE HYDRAULIC DESIGN

Indira Gandhi Main Canal, between km 384 to km 410 (RD 1260 to 1345)

3.8.1 For Various B/D Ratio

With view to understand and explain the mechanics of flow for different B/D ratio,

a revised alternate design is made. The purpose is not to reconstruct the canal, but only to

explain the effect of B/D ratio in canal design. Also it is compared with the critical velocity

ratio given by Kennedy.

A comparison of canals section for the same bed slope of 1 in 12000 and side slope

Z =2:1 (H:V) (as per project design) for various B/D (bed width : depth) ratios along with

Kennedy’s critical velocity is made in Table 3.11 and show in Figure 3.13. From this Table

it is observed as under :

1)
2)

3)

4)

3)

6)

7

8)

Kennedy’s velocity of 1.808 m/s at X = 0.5 decreases to 0.935 m/s at X = 30.0

Kennedy’s critical velocity ratio (m) increases very slowly from 0.685 at X = 0.5 to

0.950 at X = 30 where the velocity are considerably reduced.
Manning’s velocity decreases frbm 1.239 m/s at X = 0.5 to 0.888 m/s at X = 30.0

Froud number is gradually increasing (very little) from 0.2022 at X = 0.5 to 0.2033
at X = 1.7 and then gradually decreases to 0.1931.

Thus the concept of critical velocity ratio of m > 1 gives very large bed width and

uneconomical section, for the very flat slope and given side slope.

For the project design, critical velocity ratio (CVR or m) is 0.7625 < 0.8. much less

than 1

At X = 1.6 or say 1.7 the depth of flow is 5.519 m, and 5.458 m, and velocities are
1.223 m/s and 1.222 m/s and F; is also near to 0.20.

In fact there appears little justification for increasing X greater 1.5 or say 1.6.There

after neither depth decreases rapidly, nor critical velocity ratio increases rapidly.
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9)

10)

11)

Comparison with Indian Standard Codes :

IS 10430 - 1982 lays down as under in para 6.8, “Critical velocity ratio is not
applicable in lined canals but the possibility of silting can not be neglected. Hence
the critical velocity ratio should be aimed at higher than unity or by any other
method , it should be ensured that silting would not take place in the lined canal”.

IS 10430 - 2000 lays down as under in para 8.8.4, “The critical velocity ratio should
be aimed at higher than unity or by any other method, ‘it should be ensured that

silting will not take place in the lined canal”.

But it is not practical to achieve above criteria of IS Codes in very flat slope. Also it
may not be desirable. For this either bed slope or side slope should be increased. A
comparison of Kennedy’s velocity and Manning’s velocity for optimum best section

is given in para 3.8.6 and figure 3.17

To obtain more velocity of canal sections for the same bed slope of 1 in 12000 (as
per project design) and side slope of Z = 1.5:1 (H:V), for various B/D ratio along
with Kennedy’s critical velocity is made in Table 3.14 and show in Figure 3.17,

discussed in para 3.8.6
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Explanatory notes to table 3.11:

Col.2

Col.3
Col4
Col5
Col.6
Col.7
Col.8
Col.9
Col.10
Col.11
Col.12

Col.13

B/D ratio, where B is bed width and D is depth of flow

' 3’8
Depth of flow in m, computed by equation, D = [;QS—:Z—}

Bed width in m corresponding to the depth of flow in col. 3, B = XD
Top width in m corresponding to D in col. 3, Br=D(X + 4.47)

Water area in m” corresponding to D in col. 3, A = DX(X + 2.463)

Wetted parameter in m corresponding to D in col. 3, P = D(X + 4.926)

Hydraulic radius in m corresponding to D in col. 3, R = A/P
Manning’s velocity in m/s, V = 1/n R?? §12

Kennedy’s critical velocity in m/s, V,= 0.55 D*%

Critical velocity ratio obtained by dividing col. 9 by col. 10.
Discharge in m/s, Q= Ax V

Froud number, F. = V/,/g A/B,
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34.23m

$ FB=076m
. . F§Lﬁ
e 0=2656" ) | g d 72030 —_:/‘d}/
,(254 \\\\\ .r 527 m 552 m r _ ’/:, 1.0
N.?&E\.ﬁh, 0.557 l | = 2 -
244 4] — s&am 2T B
- 1067Mm ———-

Fig. 3.12. Comparison of cross sections IGMC for B/D = 1.6 and 2.0,
Project Design between Km 384 to Km 410 (RD 1260 to

RD 1345)
Notes : A = Project desi

gn for B/d=2.0

"B= project design for B/D = 1.6 -

Table : 3.12

Comparison of Section for B/D = 1.6 and 2.0

Parameter B/D Ratio

B/D = 2.0 B/D=1.6
Q 151 m’/s 151 m’/s
D 527m 5.52m
B 10.67 m 8.83 m
A 124.627 m? 123.76 m*
R 3.402m 3.436 m
n 1 in 12000 1 in 12000
S 0.017 0.017
P 36.634 m 36.014 m
A\ 1.215 m/s 1.223 m/s
T 3423 m 33.50 m
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3.8.2 Design by Kennedy Method.
Channel paramelters through Manning’s formula:
Depth of flow, h=15.27 m; Bed slope , So = 1/12000 ; Discharge , Q = 151.375 m’/s

Velocity, V = 1.215 m/s; Trapezoidal section with curved ends side slope Z = 2:1
(H:V).

Velocity by Kennedy’s formula for the adopted depth,

Vo= 0.55h"* =0.55 (5.27)"%* = 1.5934 my/s
Critical velocity ratio,

m=V/Vy=1.215/1.5934 =0.7625 < 0.8

Much less than 1,designed section do not satisfy m=1,for that V should bel.593 m/s
Corresponding to this velocity, required area of flow,

A = Q/A =151.375/1.5934 = 95.001 m’

Depth of flow By Manning’s formula for best trapezoidal section (most optimum) of
Z =1:0.577 (V:H), for the given slope of 1/12000,

D =[(Qxn)/ (1.091 $"* **
=[151.375 x 0.017/1.091 x ,{(1/12000) }”* = 8.028 m

Maximum Velocity ,
V=(D/2)"*x8"x 1/n

= (8.028/2)*® x /(1/12000) x 1/0.017 = 1.356 m/s.

This is still less than 1.593 m/s.
But V, by Kennedy’s formula for D = 8.028 m

Vo= 0.55 (8.028)"% = 2.086 m/s

Which is -furthermore. As depth goes on increasing, V, also increases and

Manning’s velocity will be lower than V, for the given slope of 1/12000.

Alternative may be to compute slope by Manning’s formula for the adopted Kennedy’s

Velocity.
Slope by Manning’s formula for Kennedy velocity:
a). For V=1.593 m/s

1.593 = (5.27/2)** x $¥*x 1/0.017 (R = D/2 for best section)
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1.593 = 112,22 S"?
S = 0.0002 = 1/0.0002 = 5000 m , (1: 5000) say 1 in 5000
b). For V =2.086 m/s
2.086 = (8.028/2)** x $"* x 1/0.017 = 148.572 S'?
S=0.000197 =1/0.000197 = 5073 m, (1 : 5073) say 1 in 5000.

(slightly steeper and not flatter)

3.8.3 Design by Lindley Method

Velocity by Lindley’s formula for the adopted depth of h=5.27 m,
V =0.567 D> = 0.567 (5.27)*%7 = 1.462 m/s

Corresponding to this velocity, required area of flow,
A =Q/A =151.375/1.462 = 81.428 m’

Depth of flow by Manning’s formula for best trapezoidal section (most optimum), for the
given slope of 1/12000, Z = 2:1 (H:V) is 8.028 m and maximum velocity of 1.356 m/s
Corresponding to this depth and velocity, required bed width of 5.873 m and top width of
41.762 m and area of flow is 205.933 m’”.

But V by Lindley’s formula for D = 8.028 m
V =0.567 (8.028)*°7 = 1.859 m/s

Which is furthermore. As depth goes on increasing, V also increases and Manning’s

velocity will be lower than V of Lindley for the given slope of 1/12000.

Alternative may be to compute slope by Manning’s formulae for the adopted Lindley’s

Velocity.

Slope by Manning’s formula for Lindley velocity:
a). For V =1.462m/s
1.462 = (5.27/2)** x S"* x 1/0.017 = 112.22 §'*
S =0.00017 = 1/0.00017 = 5891 m, (1: 5800) say 1 in 5800

b). V= 1.859 m/s
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1.859 = (8.028/2)** x $*? x 1/0.017 = 148.572 S
S=0.000157 =1/0.000157 =6387 m, (1:6387) say ! in 6300
(slightly steepe'r and not flatter)

3.8.4 Comparison of Cross Sections for Various B/D Ratios and Slopes

3.8.4.1 Computation of comparison of canal sections for the bed slope of 1 in 5000 for
Kennedy’s velocity and side slope Z = 2:1 (H:V) for various B/D (bed width :
depth) ratio along - with Kennedy’s critical velocity is made in Table 3.12 and

shown in Figure 3.15. From this Table it is observed as under :
1) Kennedy’s critical velocity'(m) is slightly greater than 1, even at X = 0.50

2) Kennedy’s critical velocity ratio (m) increases very slowly from 1.057 at

X=0.5t01.442at X =20 where the velocity are considerably reduced.

3) Kennedy’s velocity decreases slowly from 1.628 m/s at X = 0.5 to 0.924 m/s at
X =20.0

3) Manning’s velocity decreases from 1.721 m/s at X = 0.5 to 1.332m/s at

X =20.0

5) Froud number is gradually increasing (very little) from 0.3049 at X = 0.5 to
0.3064 at X = 1.75 and then decreases to 0.2691.

6) At X = 0.5 the depth of flow is 5.45 m and velocity is 1.721 m/s and F; is also

near to 0.30.

In fact there appears little justification for increasing X greater 0.5. There after
neither depth decreases rapidly, nor critical velocity ratio increases rapidly. But may not be
practical to achieve the bed slope of 1 in 5000. But this canal has more silt transporting

capacity.

3.8.4.2 A comparison of canal sections for the bed slope of 1 in 6300 for Lindley’s velocity
and side slope Z = 2:1 (H:V) for various B/D (bed width : depth) ratio along - with
Lindley’s critical velocity is made in Table 3.13 and show in Figure 3.15. From this

Table it is observed as under :
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1) Lindley’s velocity decreases from 1.528 m/sat X =0.5 to = 0.923m/s  at
X =200

2)  Manning’s velocity decreases from 1.239 m/sat X =0.5 to 0.888 m/s at
X =20.0 |

3) Froud number is gradually increasing (very little) from 0.2735 at X = 0.5 to
0.2749 at X = 1.75 and then decreases to 0.2656.

4) At X = 0.5 the depth of flow is 5.691 m and velocity is 1.578 m/s and and

F; is also near to 0.27

Again there appears little justification for increasing X greater 0.5. There after
depth decreases slowly and velocity also decrease. Again it may not be practical to achieve

flat slope.

3.8.4.3 Therefore a third alternative is considered to increase the side slope. A comparison
of canal sections for the same bed slope of 1 in 12000 (as per project design) and
side slope Z = 1.5:1 (H:V) for various B/D (bed Width : depth) ratio along - with
Kennedy’s critical velocity is made in Table 3.14 and show in Figure 3.15. From

this table it is observed as under :
1) Kennedy’s velocity decreases from 1.864 m/sat X=2.0 to 1.028m/s at
X =20.0

2) Kennedy’s critical velocity ratio (m) increases very slowly from 0.692 at

X = 0.5 t0 0.944 at X = 20 where the velocity are considerably reduced.

3) Kennedy’s velocity for side slope, Z = 1.5:1 (H:V) greater than for side slope,
Z=2:1(H:V) |

2) 4) Manning’s velocity decreases from 1.291 m/sat X=2.0 to 0971 m/s at
X =20.0

5) Froud number is gradually increasing (very little) from 0.1999 at X = 0.5 to
0.2026 at X =2.75 and then decreases to 0.1965.
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6) At X = 2.0 the depth of flow is 5.42 m and velocity is 1.260 m/s and F; is also
near to 0.20.

In fact there appears little justification for increasing X greater 2.0 there after neither
depth decreases rapidly, nor critical velocity ratio increases rapidly. But it is not practical to

achieve above criteria. Also it may not be desirable.

Thus for flat slope of 1 in 12000, a side slope of 1:1.5 in more desirable. It gives
D =15.423 msay 543 m, X =2.0, B=10.85 m, Manning’s V=126 m/s and Kennedy’s
V = 1.623 m/s, and Kennedy’s critical velocity ratio of 0.776, though still less than 1.

In general it may be concluded that Kennedy’s formula V = 0.546 m D®* gives
velocity little higher velocity than that by Manning’s formula for best section
V =0.63d%'*S"2/n and are more suitable to carry the carry or (transport) the sediment
entering into canal. Kennedy’s formula also gives slopes with the help of Manning’s

formula.

A comparison of all the section is shown in figure 3.15. For the project slope of 1 in

12000, a side slope of 1:1.5 (V:H) is much better, otherwise change in slope is desirable.
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3.8.5 Design by Lacey Method

Sediment properties: Mean particle size, m; = dsp = 0,15 mm.,

Silt factor,
f=1.76 ,/m, =1.76 4/0.15 =0.6816=0.7
Velocity of flow,

V=[Qf/140]"® =[151.375 (0.7)%/140}"°= 0.8995 m/s

Area of channel,

A=Q/V =151.375/0.8995 = 168.2879 m*
Computation of bed width, B :

P=4.75 JQ =4.75 x +151.375 = 58.441 m

A=BxD+2(nD*x26.57/360 + 0.5 D x 2D ) = 168.288
BD +2.464 D* = 168.288

P=B+2 (7D x26.57/180 + 2D ) = 58.441

B +2D( 7 x26.57/360 + 2 ) =58.441

B +4.927 D = 58.441

B=58.441-4927D

Substituting eq. (2) to eq. (1) :

BD +2.464 D* = 168.288

(58.441 — 4.927D)D + 2.464 D* = 168.288
58.441D — 4.927 D* + 2.464D” = 168.288

-2.464 D* + 58.441D - 168.288 = 0

-b+vb?—4ac

Using, D =
85 7

III - 69



2_ pr— -
_ - 584414584417 -~ 4x(-2.464x ~168.288) .
2x(~2.464)

B x 3.354 + 2.464 x 3.354° = 168.288
B=41911m

Hydraulic radius,
2
V= J-;—f.R or R=5/2x V¥ =5/2x(0.8995)%0.7 =2.890 m

2 L) 2
also,R=A/P=BD+“(TED 26.57/360 + D*)
B+2( nD26.57/180+ 2D)

_(41.911x3.354) + 2 ( m x3.354* x 26.57/360 + 3.3547 )
41911+ 2 ( mx3.354x26.57/180 + 2 x 3.354)

= 2.880 m ( Hence checked )

Bed slope,
§/3 . 573 .
f = ©.7) = 0.000072 (1 : 13889 ) say 1 in 13800.

S= 1/6 1/6
3340 x QV¢ 3340 x (151.375)''¢

Discharge,
Q=AxV=168.2879 x 0.8995 = 151.375 m'/s

Thus Lacey’s theory gives S = 1/13800, V = 0.90 m/s, B =41.91 m, D =3.35 m

3.8.5. Design by Tractive Force Method.

Water properties : Specific weight of fluid, y¢= 1 ton/m’.

Sediment properties : Diameters of sediment, d7s = 0.165 mm (the diameter of 75% (by
weight) is finer sediment particles from figure 3.5.

Permissible shear stress,
11 (from table 2.2 by interpolaion) = _(?ci_lzs;oo;ll)—)x (0.250 - 0.241)+0.241

= 0.247 kg/m®
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Limiting Tractive force,
L =v¢D.S or D=11/v¢S

= (0.247 x 12000 ) / 1000 = 2.964 m , (say 3.00 m)

Using Manning equation and continuity equation,

Q= 1 A R2/3 g2
- n

1
= —— AR (1/12000)* i
0.017 ( ) (D

Area of cross-section,
A= BxD+2(“1‘tD2¢/360+0.5Dx2D)
~2.964B+2 (T x 2.964% x 26.57/360 +2.9642) = 2.964 B + 21.645
Wetted parameter of cross section,
P=B+2(xD$/180+2D)
= B+2(nx2.964 x26.57/180+2x2.964) = B+ 14.605
Hydraulic radius,

2,964 B+21.645
B +14.605

R =2 -
p

Substituting in equation (i)

1
151.375 =" 17 (2.964 B +21.645) x [(2.964 B +21.645) / (B = 14.605)1*" x (1/ 12000)'?

B is the only unknown, solving by trial B = 43.14 m
A =2.964 B +21.645 =2.964 x 43.14 + 21.645 = 149,512 m’
P =B+ 14.605 = 43.14 + 14.605 = 57.745

R:é
P

=149.512/57.745 =2.589 m
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V = 1 (2.589)*"3 (1/12000)''? = 1.013 m/s
0.017 .

Q =AXV=149.512x 1.013 = 151.381 m’/s
Tractive force theory gives, for S = 1/12000, B=43.14 mand D=3.0 m

A comparison of canal sections of Tractive Force Method with Lacey’s Method

is as under :
1) Tractive force’s velocity is 1.013 m/s greater than Lacey’s velocity i.e 0.899 m/s

2) Tractive force’s area of cross section of 149.512 m” less than Lacey’s area of

cross section i.e 168.288 m*

4) Cross section of tractive force by A =149.512 m?, B = 43.14 m, Br = 56.93 m,
D = 296 m, B/D = 14.57 and Cross section of Lacey by A =168.288 m?,
B =41.63 m, Br=56.00 m, D =3.35 m, B/D = 12.51 is straighly different.

Tractive force theory can be composed with the Lacey’s theory and designs very

near.
These theories may be good to the extent that no soil particales of the canal will

move forward. But raises a very a good question that how much of silt/sediment

coming into the canal will settle or transported.
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Table 3.17

Comparison of Sections of Project Design with Lacey Method

and Tractive Force Method

Design
Parameter Tractiv Force
Existing Lacey Method

Method
Q 151 m’/s 151 m’/s 151 m’/s
D 527 m 3.37m 2.964 m
B | 10.67 m 41.63 m 43.14 m
A 124.627 m’ 168.288 m’ 149.512 m*
R 3.402 m 2.890 m 2.589 m
n 1 in 12000 1/13800 1/12000
S 0.017 0.017 0.017
P 36.634 m 58.441 m 57745 m
\" 1.215 m/s 0.899 m/s 1.013 m/s
T 3423 m 56.70 m 56.93 m
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CHAPTER 4

‘ SUMMARY AND COCLUSIONS

A comparative study of bed width and depth of 20 lined canals in India is made in
chapter 1. Their hydraulic and section particulars are given in Table 1.1. Bed width
versus discharge and depth versus discharge is plotted in Figure 1.1, that shows very
wide variations. Also a comparison of these sections is shown in Figure 1.2, where
in all section are plotted on the same scale. There is a wide variations in adopted

depth and B/D ratio, even for identical slopes and value of rugosity coefficient n.
This leads to search out the criterias for adoption of B/D ratio.

Sediment concentration at various points in a river, and its transport in a river/canal

are discussed in chapter 2.

Modes of sediment transport are also discussed in this chapter. All the empirical

equations of sediment transport are given in Table 2.4 to 2.6 as under:
(i) Bed load sediment transport - Table 2.4

(i)  Suspended sediment transport — Table 2.5

(iii) Total sédiment transport — Table 2.6

Graff (1998) has shown a wide variation in the results of above formulas from less
than 50% to 200% i.e. 4 time variations. It is very difficult to make a judicious

choice of suitable method.

(a) Various regime formulas given by Kennedy (1895), Lacey (1934) and many
others are listed in Table 2.11.

(b) Tractive force theory is also discussed in this chapter in para 2.6.

Manni ng’s Equation most widely used now, and a very useful derivation of it for

the most hydraulic efficient section i.e. when R = D/2, velocity becomes, V = 0.63

d?'*S"?/ nis given at the end of regime theories.
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A compérison of Manning’s, Kennedy’s and Lindley’s formula is made in para 2.12.
It can be seen from figure 2.39 that velocity by Kennedy’s formula is very near to the
velocity by Manning’s formula for a constant S? and n ratio ( say 1). The

Kennedy’s formula gives velocity between Lindley’s and Manning’s formula.

It is well recognised that velocity changes with slope and n. But Manning has not
examined sediment transport or regime velocity. Therefore the two equation can be

very conveniently used.

Lastly an attempt is made to examine the applicability of all theories to Indira Gandhi
Main Canal. This canal and applicability to different flow conditions are discussed
in chapter 3. Results of study are also simultaneously analised in that chapter and a

summary is given below.

(D Indira Gandhi Canal is a major/canal 450 Km long to carry 524 m*/s at head
to 136 m’/s at tail (Figure 3.2). It passes through sandy desert, alternate
heavy fillings and cuttings (Figure 3.4 and 3.5). Wind blown sand (silt)
enters through out the entire length of the canal more in cutting reaches.
Thus silting is a major problem. It is reported in revised estimates that more

silt and weeds are a common phenomenon in the entire canal.

It is a lined canal with inner side slopes of 2:1, through out the length.
Velocity varies from 1.52 m/s at head to 1.18 m/s at tail (Figure 3.2).

A reach between Km 348 to Km 410, (upstream of a cross-regulator at Km

410) is analised in this dissertation.

(ii) Impact of cross-regulator, development of flow rating curve, backwater
surface profiles, and velocities are discussed from para 3.3 to 3.5. Results are

plotted in figure 3.6 and 3.7.

To run the canal at 2/3 discharge (most often) and maintain FSL at cross-
regulator, the backwater curve is 38.83 Km long, and velocity reduces from

1.06 m/s to 0.8 m/s. Practically very low velocity.
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(iv)

)

(vi)

Sediment transport in the canal are computed by Einstein’s and Ackers
method for temperature at 20° C and 32° C (para 3.6). Wind blown sand

classification is shown in Figure 3.8. d ,, soil is 0.15 mm size.

A gauge- discharge and sediment discharge curve for uniform flow is
prepared and shown in Figure 3.9. Einstein’s method (Table 3.5) gives a
sediment transport of 332% more than that by Ackers method, (Table 3.6 and
3.7) for full supply discharge.

Sediment transport for gradually varied flow is also shown in Table 3.7.

Because of the gradually varied flow velocity reduces and sediment transport

is also decreasing from 389 m?/day to 250. 389 m*/day.

Because of silt and weed growth, canal performance is also examined for n =
0.02, 0.025, and 0.03 (Table 3.9). Results shown in Figure 3.10 indicate a
loss of canal capacity by fromn=0.017 to n = 0.03.

Its effects on backwater curve and velocity are also shown in Figure 3.11 for

n = 0.025. Thus the supply downstream is greatly effected.

Now alternative hydraulic design and comparative analysis is made for
Kennedy’s, Lindley’s, Lacey’s formula and Tractive force theory for various
B/D (bed widh : depth) ratio as below :

(A) Comparison of canal sections for the same bed slope of 1 in 12000
and side slope Z = 2:1 (H:V) (as per project) for various B/D (bed
width : depth) ratio with Kennedy’s critical velocity is made in
Table 3.11 and show in Figure 3.13.From this Table it is observed

as under :

1) Kennedy’s velocity decreases from 1.808 m/s at X = 0.5 to 0.935 m/s
at X =30,

2) Kennedy’s critical velocity ratio (m) increases very slowly from 0.685
at X = 0.5 to 0.950 at X = 30 where the velocity are considerably

reduced.
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3)

4)

5)

6)

7)

8)

(B)

1)

Manning’s velocity decreases from 1.239 m/s X = 0.5 to 0.888 mys at
X = 30. Thus B/D ratio (X) has a very Crucial role in design.

Froud number is gradually (very little) increasing from 0.2022 at X =

0.5 to 0.2033 at X = 1.7 and then gradually decreases to 0.1931.

Thus the concept of critical velocity ratio of m > 1 for the given bed
slope gives very large bed width and uneconomical section, and also

does not increase the sediment transport capacity.

For the project design, critical velocity ratio (CVR or m) is 0.7625 <

0.8. much less than 1

At X = 1.6 or say 1.7 the depth of flow is 5.519 m, and 5.458 m, and
velocities are 1.223 m/s and 1.222 m/s and F; is also near to 0.20.

There appears little justification for increasing X greater then 1.5
or say 1.6. There after, neither depth decreases rapidly, nor
critical velocity ratio increases rapidly. Therefore it is not

desirable in this case to achieve criteria of IS 10430- 2000.

A comparison of two sections is shown in Figure 3.12 and Table 3.15,

Section B appears better then A.

Comparison of canal sections for the bed slope of 1 in 5000 and
side slope Z = 2:1 (H:V) for various B/D (bed width : depth)
ratio with Kennedy’s critical velocity is made in Table 3.12 and

shown in Figure 3.14. From this Table it is observed as under :

Kennedy’s critical velocity ratio (m) is slightly greater than 1, even
at X=0.5.

More detailed analysis is given in para 3.8.4 and therefore not

repeated here.

A gain there appears little justification for increasing X greater
0.S. There after neither depth decreases rapidly, nor critical

velocity ratio increases rapidly.
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)

1)

Main Conclusion :

Comparison of canal sections for the bed slope of 1 in 6300 and
side slope Z = 2:1 (H:V) for various B/D (bed width : depth)
ratio- with Lindley’s velocity, see Table 3.14 and Figure 3.14.

From this Table it is observed as under :

Lindley’s velocity decreases from 1.528 m/s at X = 0.5 to 0.923 m/s
at X = 20.

More detailed analytical comments are given in para 3.8.4.2 and there

not repeated here.

Again there appears little justification for increasing X greater |
than 0.5.

Comparison of canal sections for the same bed slope of 1 in 12000
(as per project design) and side slope Z = 1.5:1 (H:V) for

various B/D (bed width : depth) ratio with Kennedy’s critical
velocity is made in Table 3.14 and Figure 3.14. From this table it

" is observed as under :

Kennedy’s velocity decreases from 1.864 m/s at X = 0.5 to 1.028 m/s
at X = 20.

More detailed analytical comments are given in para 3.8.4.3 and

hence not repeated here.

Thus for flat slope of 1 in 12000, a side slope of 1:1.5 in more
desirable.It gives D = 5423 m say 543 m, X = 2.0, B = 10.85 m,
Manning’s V = 1.26 m/s  and Kennedy’s V = 1.623 m/s, and
Kennedy’s critical velocity ratio of 0.776, though still less than 1.

In general it may be concluded that Kennedy’s formula

V = 0.546 m D** gives little higher velocity than that by Manning’s

formula for best section V =0.63d*'*S'?/n (treating S''*/ns, see

IV-5



®

()

(i)

(E)

1

2)

3)

para 2. 11.1) and are more suitable to carry or transport the sediment
entering into canal. Velocity by Kennedy’s formula can be need to
compute slopes with the help of Manning’s formula. For this slope
minimum B/D ratio and steepest possible side slopes needs to be

adopted.

A comparison of all the sections is shown in figure 3.15. For the
project slope of 1 in 12000, a side slope of 1:1.5 (V:H) is much better,

otherwise change in slope is desirable..

Comparison of canal sections by Tractive Force Theory with
Lacey’s Method :

Tractive force velocity is 1.013 m/s, greater than Lacey’s velocity i.e
0.899 m/s

Tractive force’s area of cross section is 149.512 m’, less than Lacey’s

area of cross section i.e 168.288 m?

Cross section by tractive force theory is B =43.14m, T=56.93m, D
= 2.96 m, B/D = 14.57 and Cross section by Lacey theory is B =
4191 m, T =56.88 m, D = 3.35 m, B/D = 12.51. Difference in two is
small. But the difference with (a) to (d) is very large.

The purpose of alternative is not to reconstruct the canal, but only to explain

the

effect of B/D ratio in canal design. Also it is comparative with the

critical velocity ratio given by Kennedy , Lindley methbd , and Lacey

method.

For side slope from 1.5:1 (H:V)to 2:1 (H:V) top width increases by 15% and
perimeter by 11%. Velocity also reduce by 4.2% and decrease in depth is

normally 5%, This thesis explajps the role of B : D ratio and side slopes. Both
should not arbitrarily choosen but should be adopted very jjidiniousty.
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(10)

(11)

(i)

(iv)

v)

(Vi)

In contrast above for B = D and with the side of 2:1 (H:V), the decrease in
depth by 1.4%. Though increase in bed width by 8.5%. Yet the top width
increase by 0.4% and perimeter by 0.3%. Velocity remains same. Therefore it

is economical to increase bed width the side slope.

For flatter side slope there is a good different in all dimension i.e. depth,

perimeter, top width. It reduce velocity also.

With increase in bed width beyond B = D, there is drastic change in depth,
top width, and perimeter. The difference in velocity is nominal. There
appeai's little justification to increase bed width beyond B = D.

For a depth of 5.27 m, a bed slope should be avoid. A bed slope of Kennedy’s
formula i.e. 1/5000, Lindley’s formula i.e. 1/6300, Lacey’s i.e. 1/13800.

Such elementary comparison serves to focus attention to the end results and

accordingly promote further research into practical aspect of the subject, with a view

~to economical and efficient design. Such more studies are required in view of large

inter basin link canals.

The aspects that could not be attempted in this thesis are the concept of non silting

and non scouring which can be devided into two parts:

(D)

(ii)

Clear water enters the canal, no sediment enters at any point there after,then
velocity should not erode banks and bed, i.e.non scouring. There is no
question of silt deposit. Such situation is rare.

Sediment is entering into canal — (a) from source (b) from drainage inlets or
winds (c) inner bank failures or rain water erosion in cuttings above FSL.

This sediment concentration may be varying, Also discharge may vary
accordiﬁg to availability of water. Then equilibrium concept over a year i.e.
some sediment deposit during higher concentration time, erosion during low
concentration time and a balance over a year may be come important.
Typical example is Upper Ganga Canal off taking from Hardwar. More

studies in this respect are need in actual canal flow condition.
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ANNEXURE -1

Physical Properties of Water in SI Units

Vapor Bulk

Specific Kinematic. Surface Vapor Pressure Modulus of
Weight: Density Viscosity Viscosity Tension Pressure  Head — Elasticity
Temperature, 7y, o, wmx10,, vx10° o, P., Py, E.x10%

°c KN/m* kg/m® N.s/m’ m/s N/m  kN/m’,abs m kN/m®
0 9.805 999.8 1.781 1.785 0.0756 0.61 0.06 2.02
5 9.807 1000.0 1518 1.519 0.0749  0.87 0.09 2.06
10 9.804 999.7  1.307 1.306 0.0742 1.23 0.12 2.10
15 9.798 999.1  1.139 1.139 0.0735 1.70 0.17 2.14
20 9.789 998.2 1.002 1.003 0.0728 2.34 0.25 2.18
25 9.777 997.0 0.890 0.893 0.0720  3.17 0.33 2.22
30 9.764 995.7 0.798 0.800 0.0712 4.24 0.44 2.25
40 9.730 992.2  0.653 0.658 0.0696 7.38 0.76 2.28
50 9.689 988.0 0.547 0.553 0.0679 1233 1.26 2.29
60 9.642 983.2 0466 0.474 0.0662 19.92 2.03 2.28
70 9.589 977.8 0404 0.413 0.0644  31.16 3.20 2.25
80 9.530 971.8 0354 0.364 0.0626 47.34 4.96 2.20
90 9.466 965.3 0315 0.326 0.0608 70.10 7.18 2.14

100 9.399 958.4 0.282 0.294 0.0589 101.33 10.33 2.07

Source: Change (1985). Fluid Mechanics with Engineering Applications, 8™ ed., McGraw
Hill, New York.
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