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A = B + D × D

P = 2D 2







U =  R / S /

=  × ( )
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/
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Q = A × U



Q = (B + D)D × 1.7212 ( )
( )

/

Q = 1.7212 ( ) /

( ) /



Q = 10, assuming D = 1.09, we have

Q = 1.7212
5 + 1.09 1.09 /

(5 + 2 × 1.09 2) /

 

U = 1.7212 ( . )
( × . )

/
= 1.508 m/s
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 1.92 × 1/6000 = 0.90 m/s


 






  

Gerald Lacey (1930) said, “A channel flowing in unlimited
incoherent alluvium of the same grade as the material
transported, if continued uninterrupted (i.e. the condition of
discharge and silt remaining constant)” would attain of final
regime conditions.

 



  



  

            
         
         



  



             

         

   

             

          

     

             

          

     



  



  

 




U = 2/5 × f R 

Af = 140U 








P = 4.75 Q



U = 4
25 f R



  



140U = 25/4 × (A/R)



140 UA = 25/4 (A /R )

140 Q = 25/4 (P )

140 U = 25/4 (A /R )

P = 4.75 Q 

          

AUf = 140U

Qf = 140U

U =
Qf
140



  

         
    

U = 10.8 R / S / 

    

U = 1260 R S

U = 1260 (R/U)RS

U = 35.5 (R/U) RS



25
4

A
R = 140 UA

 A = PR

P = R U



  



22.5 R U = 4.75 Q

 R U = q = .
.

Q 



q = 0.21 Q 


R 2/5 fR = 0.21 Q

R = 0.47 (Q/f) / 


Q = q/0.21


R = 0.47/ 0.21 / × q f /

R = 1.35 q f /



  





S =
V

1260R = U R × 1260 
R
U

 = 2/5f2/5f  q RV


S =  
2f
5

1

1260q

S =  
0.000178

q
× f

          
            



  

S =  
0.000178

q
× f =

0.000178
0.21 /

f /

Q /

S =  
f /

3340Q /
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f = 1.76 M



  


    


  
  
  

  
  


  
  


  

  
  


  
  


  

  
  

             
 



  



  



  



  

Solution: Q = 40 cumec and f = 0.9

V = = 0.783 m/s

R = 2.5 = .  × .
.

= 1.70 m

P = 4.75 Q = 4.75 40 = 30 m

P = B + 5D = 30.0 (i)

A = BD + = = 40/0.783 (ii)

Solving equations (i) and (ii), we get,

B = 26.7 m

D = 1.925 m

S = / = .
× / = = 15cm/km
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What is Irrigation

• Irrigation is the artificial application of water to the soil through various systems of tubes, pumps, and sprays.
• Irrigation is usually used in areas where rainfall is irregular or dry times or drought is expected. There are

many types of irrigation systems, in which water is supplied to the entire field uniformly.
• Irrigation is the process of applying controlled amounts of water to plants at needed intervals.
• Irrigation is important to a country like India because rainfall here is seasonal in nature. It is limited to four

months of a year. It is also important because some crops require more water than what it is provided by the
rainfall, therefore we have to depend on irrigation.

• Objective of irrigation engineer?

• To make water available to the cultivator with respect to location, time and quantity as per crop requirement.
• He has essentially to be associated with investigation, planning, design, construction, operation and

maintenance of dams and their appurtenant works; canal system and hydraulic structures.

•            
             



Need for Irrigation

1. Deficient Rainfall- When rainfall is less than 100cm, irrigation water is required

2. Non-uniformity of rainfall- Where rainfall is sufficient but is not uniform.
3. Augmentation of crop yields- New high yielding varieties of crops have higher water requirement for giving

higher yields. Sugarcane and Rice have higher requirement of water.
4. Exacting water requirement- The high yielding variety crops have more exacting requirement of water.
5. Cash crops cultivation- Cash crops require higher and assured supply of water with frequent waterings for

maturity.
6. Assured water supply- For successful farming, availability of water in needed quantum and at right times is

very essential
7. Orchards and gardens- Fruit trees grown in orchards and gardens have higher requirement of water.

  

 

  

  

 



Advantages and  Disadvantages of Irrigation
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River ?
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What is the 
importance of Study 
of River Behaviour

and its 
Management???
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Importance of Study of River Behaviour and Management...
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Importance of Study of River Behaviour and Management...
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Importance of Study of River Behaviour and Management...
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Importance of Study of River Behaviour and Management...
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River Behaviour 
and

River Management
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CLASSIFICATION 
OF RIVERS

Based on 
topography of 

river basin

Upper reaches in 
Hills

Incised

Boulder

Lower reaches in 
Alluvial Plains

Aggrading

Degrading

Stable

Deltaic 

Based on flood 
hydrograph

Flashy

Virgin

Mature

Young

Based on 
Location

Himalayan

Non-Himalayan

Plan Formed 
River

Straight

Meandering

Braided
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Classification of 
Rivers

Based on topography 
of River Basin
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Rivers in Hills
(Rivers in Upper reaches of Hilly Areas)
Incised River Boulder River

Madan Mohan Malaviya University of 
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Incised River

• Formed by the process of degradation.
• Well defined narrow cross section cut

through hill gorges.
• Rocky Bed.
• Clear Water mostly snow water.
• Swift Flow.
• Steep Bed Slope 1 in 100 to 1 in 500.
• Sediment transport is often dissimilar in

character to that of the river bed.
• Rate of bed load cannot be determined,

as it is a function of bed characteristics.
• Pattern of meanders is not regular due to

varying resistance of bed and banks to
erosion which vary along their lengths.

Boulder River
• Flows through sub-mountainous tract.
• Remains confined in the valley due to

well defined cross-section.
• Steep Bed Slope 1 in 100 to 1 in 500.
• Velocities are high but lesser than in

mountain range.
• Water is clear except rainy season.
• Larger deposits are accommodated by

the river digging in deeper in valley.
• Boulders deposit themselves in the

reach, and other finer materials are
carried down to the plains.

• It flows through wide shallow bed and
develops straight course.

• Bed material is pervious giving rise to a
strong subsoil flow.

Madan Mohan Malaviya University of 
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Rivers in Plains
(Alluvial River)

• River flows through deposits created by itself and is constantly building its flood plain
by overflowing.

• Sediment transport except wash load is similar to that in its bed and banks.
• It follows a zigzag course i.e. it Meanders.
• Shape of cross-section and bed slope are determined by the relative sediment load and

the erodibility of bed and banks.
• The river runs on relatively flat ground and finer materials settle down.
• Material is deposited by the river during the alternate processes of spreading and

receding to form alluvial valleys which are now Indo-Gangetic Plains.
• In the deposits laid by the river itself, the river itself carves its own deep winter channel

and a flood way or a khadir width.
• Meanders also travel down and during the course of adjustment form cutoffs as well.
• When in flood, river inundates large areas causing considerable damage.

Madan Mohan Malaviya University of 
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Aggrading River

• Aggrading River is in the process of
increase or rise in specific levels of
bed of a channel at any site.

• Chief reasons for aggradation are:
heavy load carried by river,
Obstruction by dam or a barrage
across it, extension of the delta at the
river mouth, sudden intrusion of
sediment from a tributary.

Degrading River

• Degrading river get their bed scoured 
from year to year.

• It is either above a cutoff or below a 
dam or barrage.

• There is a sudden lowering of the 
water surface upstream of the cutoff 
which increases its slope of flow, and 
there is a sudden diminution of its 
sediment load.
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Lane’s Weight Balancing Theory
• The response of a stream to watershed changes has been expressed by hydraulic

engineer E.W. Lane as a Stream Balance Equation (Lane, 1955).
• Lane concluded that a stream’s energy, a function of speed and volume of water,

must be in balance with the size and volume of sediment carried by the stream.
• In practical terms, this means that if either the volume of water (increased runoff) or

velocity of water (steeper slope usually caused by channelization) increases, then
the stream will need to carry more sediment to balance the increased energy.

• The usual source for the additional sediment is either from the stream bottom or the
stream banks resulting in severe erosion.

• Conversely, if sediment load exceeds the available energy to transport it, then the
stream aggrades, or fills in, causing loss of capacity and increased flooding.

Madan Mohan Malaviya University of 
Technology, Gorakhpur 20



Lane’s Weight Balancing Theory…
• Lane (1955) studied the changes in river morphology in response to verging and

sediment discharge.
• These studies support the following general relationships:

– The depth of flow H Q (Water Discharge).
– Channel width (W) to both Q and Qs.
– Channel Shape: expressed as width to depth W/h ratio sediment discharge.
– Channel slope (S) 1 / Q
– Channel slope (S) sediment discharge and grain size d50.

– Sinuosity (s) valley slope.
– Sinuosity (s) 1 / Qs.

– Transport of bed material Qs Stream Power o U and concentration of fine
material CF.

– Transport of bed material Qs 1 / fall diameter of the bed material d50. 21



Lane’s Weight Balancing Theory…
Simon (1975)

Qs ~ [( o U)WCF ] / d50

o  =  S and Q = AV = WHV
From continuity,

Qs ~ HSWU/ (d50/CF) = QS/ (d50/CF)

If specific weight s is assumed constant and the
concentration of fine material CF is incorporated
in the fall dia, this relation can be expressed as

Q.S ~ Qsd50 Q.S Qsd50

Madan Mohan Malaviya University of 
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Lane’s Weight Balancing Theory…

Coarse Fine Flat Steep

QsD50 QWS

A Balancing Act

Stream balance equation (Lane, 1955), where Qs is sediment discharge, D50 is median grainsize of bottom sediment, 
Qw is water discharge, and S is slope of stream

23



Stable River

• A river stream which as whole
maintains its slopes , depths and
channel dimensions without any
noticeable raising or lowering of its
bed from year to year. It may however
migrate within its Khadir.

Deltaic River

• It is the reach of a river when it
approaches the sea with very gentle
slope(1 in 5000 to 1 in 10000) and
velocity, drops down the sediment
and divides into channels on either
side of the deposits resulting in the
formation of deltas.
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Classification of 
Rivers

Based on Flood 
Hydrograph
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Flashy River

• A flashy river stream is one which has
rise and fall of floods. The flow
collects rapidly from the steep slopes
of the catchment and flood peaks
occur soon after rain. Flood
hydrograph is very steep indicative of
sudden flood

Virgin River

• Virgin river is one which dries up in
arid zones before joining another river
or sea. The flow in the river dries due
to high percolation and evaporation
losses after flowing a certain distance
from the source. They are found in
Kutch and Rajasthan.
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Virgin River
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Mature River

• A river which flows through certain
fixed limits is mature river. The limits
are called Khadir.

Young River

• A river is young is young, in
geological terms when it is actively
eroding its channel.
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Classification of 
Rivers

Based on Location
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Himalayan River
• They takeoff from Himalayas.
• Fed by melting of snow and rainfall.
• Perennial and carry fine silt and clay

forming new lands by eroding some.
• Flood discharge is 50-100 times normal

winter flow.
• Due to considerable variation in normal

and flood discharges the rivers maintain a
deep winter channel and a wider Khadir
width for the passage of floods.

• They carry heavy sediment loads because
of soft, friable Himalayan Rock.

• Seismic disturbances loosen the friable
rock leading to landslips and consequently
increased sediment load.

• Rivers of Chenab basin, All Rives of
North India like Ganga, and Brahmaputra,
Beas, Sutlej, Kosi etc.

Boulder River
• They are not snowfed.
• Receive supply from monsoon and by

regeneration of water during dry
periods.

• Non-perennial.
• They are more stable than Himalayan

rivers because of flow through non-
alluvial soils.

• They traverse Central and South India.
• They originate in Aravali, Vindhya,

Satpura and Sahyadri ranges.
• Mahandi, Brahmani, Damodar,

Suberuarekha, Vaitarui, Godavari,
Krishna, Pennar and Cauvery to the
west and Krishna, Godavari, and
Mahanadi to east.
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Behaviour of 
Rivers
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Behaviour of Rivers
• It is affected by silt-laden flow through the action of sediment deposition

on river beds and raising them.
• This increases flood heights , causing inundation of areas and also huge

sediment accumulation behind dams, thereby reducing their capacities,
causing rivers to meander and to leave their original course often and flow
along new courses.

• It results in the devastation of habitable an agricultural lands and silting up
the irrigation and navigation canals, threatening safety of bridges and
hydraulic structures.

• The beneficial aspect of the silt laden water passed down the canals is its
manurial value.
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Straight Reaches
• In a straight river reach, the river section is of trough shape with the high

velocity flow in the mid section.
• Water Surface in the centre of the river is lower than that at the sides

causing a transverse gradient from the sides towards the centre.
• Narrow deep rivers carrying moderate sediment cannot be straight but wide

and shallow channels may carry heavy sediment load can be straight.

Fig: Transverse currents in a regular cross section and straight channelMadan Mohan Malaviya University of 
Technology, Gorakhpur 36



Bends
• Alluvial rivers tend to develop bends which are characterized by scouring and

erosion on the concave side and shoaling on the convex side.
• The flow is subjected to centrifugal forces and as a consequence, there is a

transverse slope of water surface from the inner bank towards the outer bank.
Thus at any level greater pressure is created near the outer bank than near the
inner bank.

• Water in order to keep its own level, tends to flow from convex side, the places
of higher free level, to concave side, the places of lower free level. However
this moment is prevented along the water surface by centrifugal forces.

• At the bottom, the velocities are considerably slack than at the top, and enough
centrifugal force is not available to counter the tendency of water move
inwards. Hence, top water dives in at the concave (outer) bank and flows along
the bottom carrying therewith sand and silt to the convex (inner) bank, where it
is deposited.

Madan Mohan Malaviya University of 
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• This rotary action brings about erosion of concave bank and deposition of
sediment towards convex side where shoaling takes place. The action is
further accentured on a bank slope, where the resistance of sediment
particles to motion is reduced by sliding due to gravity.

• When once a bend is established, the flow tends to make its curvature
larger.

Fig: Helical movement of water on a curved channelMadan Mohan Malaviya University of 
Technology, Gorakhpur 38



River Regime 
Theory
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Earth’s Rotation Theory
• Earth moving round itself has a rotary motion.
• The flow in rivers running north or south does

not acquire the same rotary motion as does the
land and attack their west bank due to earth’s
rotation bringing them against the current.

• This assumption is however not tenable and
the theory is not in use.
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Elli’s Tributary River Regime Theory
• A river bends to infalls of the tributaries owing to its bank being

there blank and weak, the tributary forming a channel on that side.
• In order to control the river, some points should be fixed and neither

any tributary enters it nor does any canal take off except at fixed
points.

• No stream coming in on either side, straight well defined channel.
• Stream coming in on one side- a well defined channel on the other

side only.
• Streams coming on both sides- an ill-defined channel and a shoal

formation in midstream.
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Molley’s River Regime Theory
• River bends alternatively from one bank to another.
• The characteristics of each bend are that there is deep water at the crest of

bend and shallow crossings or bars are formed in the lengths where the
river changes over from one side to the other due to the deposition of silt in
the bed.

• The bars are formed by the action of the side channels. The side channels
have offtakes and outfalls.

• The withdrawal of discharge into side channel at the offtakes brings about
reduction in velocity in the main stream resulting in deposition of silt
forming bars.

• Between main river and the side channel there are islands which are formed
when flood recedes and river separates into main and side channels.
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Fig: Plan of River
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Oldham’s River Regime Theory
• Every stream tends to be in an equilibrium condition in which the velocity

is just sufficient to carry its solid burden. An excessive velocity shall scour
the bed, thereby reducing gradient velocity and silt transporting power;
while a lesser velocity shall entail the silt deposition, reduction in section
and increased velocity required to transport silt.

• Every stream is alternatively collected into a single well-defined channel,
called reach, or spread forming a fan. These fans can be seen when the river
dries up in winter.

• The gradient of stream is not uniform. The bed is flatter in reaches and
steeper in fans relative to the mean gradient. Fans are shallow and have
reduced velocity.

• Both reach an fan work gradually upstream. Reach encroaches the upper
fan by erosion and is encroached upon by the lower one by silting.
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Fig: Oldham’s River Regime Theory

PLAN

Fan with steep 
gradient

Fan with steep 
gradient

Reach with 
Flat Gradient
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Meandering
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Kosi Mahasetu at Nirmali Bihar
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River Training 
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What is River Training???
River training refers to the structural measures which

are taken to improve a river and its banks.

Training works could be for various purposes such as

flood control, navigation, guiding the flow or bank

protection.

The discussion will be confined to the training works

related to hydraulic structures such as canal head works.

These include guide banks, afflux bunds and spurs.

Madan Mohan Malaviya University of Technology, Gorakhpur



Why is it necessary to Train a River?
Frequent changes in river course.

Avulsion of one river into another. 

Heavy shoal formation - diversion of main current towards banks.

Development of natural cut-off.

Landslides in catchment - rise in silt load.

Aggradation of river bed - high flood levels – Flooding

Heavy erosion of banks by hill streams due to flash floods.

River instability - change in bed slopes (seismic activity).

Changes in river channels due to changes in rainfall pattern.

Erratic behaviour of rivers in deltaic areas and of braided rivers.

Navigational problems due to shoal formations.

Formation of sand bars at river out-falls into sea.

Changes in a river due to changes in its base level. 
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Objectives
Ensure effective disposal of sediment load.

Provide minimum water depth for navigation.

To protect river by deflecting it away from attacked

bank.

Prevent river from changing its course.

Avoid outflanking of structure.

Prevent flooding by providing safe passage of flood

water.
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Physical Methods of River Training
MARGINAL EMBANKMENTS OR LEVEES

GUIDE BUNDS/GUIDE BANKS

SPURS/GROYNES

ARTIFICIAL CUT OFF

PITCHED OF BANKS AND PROVISION OF 

LAUNCHING APRONS

PITCHED ISLANDS

MISCELLANEOUS METHODS
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Marginal Embankment

Madan Mohan Malaviya University of Technology, Gorakhpur

These are earthen embankments, also known as levees, which are
constructed in the flood plains of a river and run parallel to the river bank
along its length.

The aim of providing these embankments is to confine the river flood
water within the cross section available between the embankments.

The flood water of a river is thus not allowed to spill over to the flood
plains.

This kind of protection against flooding has been provided for most of the
rivers of India that are flood prone with low banks and have extensive flood
plains in the last century.



Marginal Embankment
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Marginal Embankment
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Marginal Embankment

Madan Mohan Malaviya University of Technology, Gorakhpur



Marginal Embankment
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Marginal Embankment

Madan Mohan Malaviya University of Technology, Gorakhpur



Marginal Embankment
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Marginal Embankment
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Marginal Embankment
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Marginal Embankment
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Marginal Embankment
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Guide Banks
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…Types of Guide Bunds/Guide Banks
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Guide 
Banks

Divergent

Convergent

Parallel





Planning & Design of Guide Bund/ Guide Bank(IS 10751-1994)
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Planning & Design of Guide Bund/ Guide Bank (IS 10751-1994)
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What is Training of River?
'River training' refers tothe structural measures which are taken  
to improve a river and itsbanks.
River training is an important component in the prevention and
mitigation of flash floods and general flood control, aswell as in
other activities such as ensuring safe passage of a flood under a
bridge

Why is it necessary to Train ariver?



Natural Problems
• Frequent changes in river course.
• Avulsion of one river intoanother.
• Heavy shoal formation - diversion ofmain current towards banks.
• Development of natural cut-off.
• Landslides in catchment - rise in siltload.
• Aggradation of river bed - high flood levels - Flooding
• Heavy erosion of banks by hill streams due toflash floods.
• River instability - change in bed slopes (seismicactivity).
• Changes in river channels due to changes in rainfallpattern.
• Erratic behaviour of rivers indeltaic areas.
• Erratic behaviour of braidedrivers.
• Navigational problems due to shoalformations.
• Formation of sand bars at river out-falls into sea.
• changes in a river due to changes in itsbase level.



Anthropogenic Problems

• Degradation of river bed downstream of a dam ora barrage.
• Effects of constriction of riverwidth.
• Effectsof flood embankment on the regime of rivers.
• Effects of extraction of sand andboulders.
• Effects of spurs and bed bars of different types on river behaviour.
• Effects of inter-basin transfers of water on the regime of rivers.
• Effects ofriver bed cultivation and construction by farmers.
• Effects of dredging/channelization of riverbed.
• Effects of pucca bathing ghats in big cities and places of pilgrimage.
• Effects of heavy urbanization along the riverbanks.



DIFFICULTIES OF RIVERBEHAVIOUR

• Bank erosion, Channel CourseChange.
• Flood Protection.
• Aggradation/ degradation of channelbed.
• River Flow extraction/diversion.
• Bridging the river channel.
• Maintaining NavigableChannel.

River behaviour  
during flood is  
affected



– Safe and quick passage of high flood
– Efficient transport of sedimentload
– Make river course stable and prevent bankerosion
– Provide sufficient draft fornavigation
– Prevent outflanking of a structure by directing the flow in a

defined stretch of theriver

Objectives of RiverTraining
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PROTECTION OF RIVERBANK

Rivers are dynamic and continuously change their position,shape,
and other characteristics withvariations in discharge and time.

Stable River has different definitions for differingpeople.

Navigation
engineer

one that maintains adequate depths andalignment
for safenavigation

flood control
engineer

channel maintaining the ability topass the design
flood

local landowner that does not erode thebankline
Geomorphologists
and biologists

Erosion is simply part ofthe natural meandering
process of stable rivers and would beperfectly  
acceptable in their definition of a stable river.



Stable River: Final definition

• River behaviour may be influenced by a number of factors.
• Schumm (1977) identified these as independent and dependent 

variables.
• Independent variables may be thought of as the basin inputsor

constraints that cause a change in the channelmorphology.
• Independent variables include: basin geology, hydrology  

(discharge of water and sediment), valley dimensions (slope,  
width, depth), vegetation (type and density), and climate. 
Dependent variables include: channel slope, depth, width, and  
planform.

• A channel that has adjusted its dependent variables to  
accommodate the basin inputs (independent variables) is saidto  
be stable.

• An Unstable River causes erosion of bed andbank.



River Training Structures
River training structures can be classified into twomain categories:

• Transversal protection structuresand

installed perpendicular to the watercourse: Check dams, Spurs,
Sills, Screen, bandals, Porcupines, Bank protection as a bar.

• Longitudinal protection structures.

installed on river banks parallel to the river course: Leveesor earth  
fill embankments, Concrete embankments, Revetments and rock  
riprap, sheet piles, etc

• Other Protection Structures.
Sandbagging, Channel lining, Bamboopiles



River Training Structures

Classification based on action:

Direct protection works and indirect protectionworks.

Direct protection works are the one which are placed directly over the  
portion that needs to be protected such as, Riprap over the erosion  
prone bank.

Indirect protection works are the one which modify the flow  
conditions to protect the erosion pronebank such as, spurs, vanes  
etc.



Sloping Bank Protection Work



Bank protection works along with sleeperporcupines.
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Eroded opposite bank after passage of single flood.  
Bank safe after passage of 3 floods (2013)
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Direct Bank Protection Work: Details



Direct Bank Protection Work: Vertical Gabionwall



Failure Process of Direct Bank protection Work/ improvement

Eastern Guide bund of Kosi
Mahasetu.





Mining of Sand Near Direct Bank Protection Work



Bridge vent blocked by sediments brought by tributary of river swan –
Sediments obstruction by check dams in tributories



Tributary Confluence streamlining



Discussion about Free board ???
(IS 10635: Freeboard requirements in embankment ...

2014 Jhelum flooding Kashmir  
Chennai flooding of 2015



Typical layout of RiverTrainingMeasures used in barrage/bridge



Kosi Mahasetu at Nirmali, Bihar
Road cum Rail Bridge – U/S and D/s Guide bunds,
extended guide bunds or affluxbunds

2km 8km



Alignment, layout are best decided based on model studies.

Original Proposal – StageI Modified Proposalwith  
Afflux bund – StageII

Modified Proposal with  
Afflux bund andreduced  

waterway- StageIII
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Embankment or levees or stop bunds orencasing

Embankment

SPUR

Guidebunds



GUIDELINES FOR SPURS
• 2 to 5 spurs are constructed in a battery.
• shouldn’t be used in narrow channels.
• could be permeable (may be submerged) or impermeable (non

submerged).
• Height of spurs < the bank height (Kosi).
• Submerged spur height ~ 1/3 to ½ times the waterdepth.
• Flow constriction 20 % max or length of spur ~ 1/5 of river width and

not less than 2-2.5 times scour depth on concave bank and 2.5 to 3
times on convex bank.

• Spacing – 4 to 5 times length
• Nose, u/s & d/s portion of shank needs protection
• Filter below launching apron essential.
• Model study to establish favorable flow conditions necessary.

SPURS or DYKES orThoker
(STRUCURES CONSTRUCTED TRANSVERSE TO FLOW)





Types of Spurs
An Attracting spur points downstream and attracts the flow  
towards its head and thus tothe bank.
A Deflecting Spur is normal to the flow and diverts the flow atits  
head
A Repelling spur inclines in upstream direction and diverts the  
flow away from itself.



30 m

18 m

Generalized flow pattern downstream of Kosi  
barrage for a discharge of 5,663 m3/s after  

placing porcupine screens along active channels.



FLOOD PROTECTIVE MEASURES

Porcupines



Bamboo screen and permeablespur



Studs



Flow diversion using studs  
immediately d/s ofbarrage



STUDS

Short submersible boulder spurs.
Used primarily to slow down the rate of erosion when
river is close to embankment and where spurs cannot be
provided.

Kosi Barrage, Nepal

GuideBund

Spurs

Series of studs

Spurs

Sluice



Impermeablespur



Model of River Ganga u/s ofFarakka





Flume model for study of spur  
protection works



Typical photograph of dry model after running the model for a  
discharge of 5,663 m3/s with porcupine units placed near the  

spur nose.



Spur on riverBrahmaputra



Spur with Stone core



Spur with aprons

Geo-textile  
filter



Spurs in RiverAlaknanda

How not to disturbRiver/  
not to construct



series of spurs constructed in river beas,H.P.



RCC Porcupines



Bamboo Porcupines



Porcupines in action duringfloods



RCC Porcupine



Kahelgaon

Dhyulian



Working principles of bamboobandals



Stabilization of river bank with the bamboo bandalling



VANES

Structures designed to  
guide the flow away from  
an eroding bank line.

Can be constructed of
rock or other erosion-
resistant material

Top of vanes are below  
the design water surface  
elevation and would not  
connect to the high bank.



Bottom Vanes for navigability improvement



River Alaknanda (Steep slope) HNBG University campus (2013Flood)





Sediment Threshold
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The condition that is just adequate to initiate sediment
motion is termed threshold condition or critical condition
of sediment entrainment. Importantly, the induced bed
shear stress of the stream flow in excess of that of the
stream flow at threshold condition governs the sediment
entrainment mechanism.



Different Methods
Different 

Methods of 
Sediment 
Threshold

Threshold 
Velocity 
Concept

Yang’s 
Threshold 
Velocity 
Model

Lift Force 
Concept

Threshold 
Bed Shear 

Stress 
Concept

Empirical 
Equations

Semitheoretic
al Analysis

Shield’s 
Approach

White’s 
Appraoch

Iwagaki’s 
Approach

Wilberg and 
Smith’s 

Approach
Ling’s 

Approach
Dey’s

Approach
Other 

Investigations



Threshold Velocity Concept
A threshold velocity or critical velocity is a near-bed velocity Ucr at the particle level or
the average velocity Ucr, which is just adequate to start the sediment particle motion for a
given size on the bed surface

Definition Sketch of Threshold Velocity

h is the flow depth, d is the representative sediment size, that is the median diameter, g is the 
acceleration due to gravity, D is the submerged relative density (=s - 1), s is the relative density of 
sediment (= s/q), s is the mass density of sediment, and q is the mass density of water. Subscript 

‘‘95’’ denotes the percentage finer.

Forces acting on a spherical sediment particle on the bed of an open channel



Lift Force Concept
Einstein (1950), Velikanov (1955), Yalin (1963), Gessler (1966), and Ling
(1995) thought that the sediment is entrained solely by the lift force.
The lift force can primarily be induced for the following reasons:

Sediment particles on the bed surface experience maximum velocity
gradient; thus, a lift acts on the particles due to considerable pressure
difference.

sediment particles may experience lift due to the instantaneous vertical
velocity fluctuations in the vicinity of the bed.

the slip-spinning motion of sediment particles may result in lift due to
Magnus effect.

CL is the lift coefficient assumed as 0.178 and u0:35d is the flow velocity at an elevation 0.35d from the 
theoretical bed.



Threshold Bed Shear Concept
The concept of threshold bed shear stress has been widely applied

for the determination of inception of particle motion and seems to
provide reasonable results.

The origin of this concept lies on the experimental (laboratory and
field) or theoretical determination of so-called tractive force per unit
area, that is the bed shear stress, given by ghtan .

This concept is based on the analysis of the hydrodynamic force
caused by the flowing fluid and the stabilizing force due to
submerged weight to formulate the threshold bed shear stress in non-
dimensional form, termed threshold Shields parameter.



Empirical Equations
Attempts have been made to correlate the threshold bed shear stress

with sediment properties obtained from the experimental and
field measurements.

is in kg m-2, Sp is the Corey shape factor varying from 1 for spherical 
to 4.4 for flat particles, and d is in m.

A simple equation of was given by Leliavsky (1966) as

is in g m-2 and d is in mm.



Semitheoretical Analyses



Shield’s Approach
        

      
           
           

         
    

Schematic of a particle subjected to instantaneous hydrodynamic force



Shield’s Diagram



Existing Explicit Equations For 
Sediment Threshold



Existing Explicit Equations For 
Sediment Threshold



White’s Approach
White (1940) assumed that the lift force has negligible influence on threshold of particle

motion compared to other forces, and hence, it was neglected in his analysis. At limiting
equilibrium, the drag force (shear drag) is balanced by the frictional resistance.

White (1940) classified hydraulically transitional and rough flow regimes (R* C 3.5),
and smooth flow regime (R*>=3.5) in analyzing threshold of particle motion.



Iwagaki’s Approach
Iwagaki (1956) analyzed the equilibrium of an isolated spherical particle having

diameter d placed on a rough horizontal bed.
He considered the force balance within the flow region dividing into viscous

sublayer and turbulent flow regions and obtained the conditions required for the
beginning of sediment motion under a unidirectional stream flow.

Forces acting on an individual spherical particle resting on a  horizontal bed, as considered by Iwagaki

Iwagaki’s 
Empirical Curves Equation



Wiberg’s & Smith Approach
Wiberg and Smith (1987) analyzed the force system acting on a sediment

particle for the limiting equilibrium of the particle resting over the bed formed
by the sediment particles.

Threshold Shields parameter c as a function of shear Reynolds number R* for different ratios of particle size to bed 
roughness d/ks (Wiberg and Smith 1987)



Ling’s Approach
Ling (1995) studied the threshold condition of a solitary sediment particle

situated on the top of the spherical particles forming the bed.
On the basis of mechanical and hydrodynamic considerations, two separate

criteria for the threshold of sediment motion were derived. They are rolling
threshold criterion and lifting threshold criterion.

Forces acting on a
solitary spherical particle

resting on bed particles, as
considered by Ling (1995)



Dey’s Approach
Dey (1999) considered a unidirectional steady-uniform flow over a

sedimentary bed. The most stable three-dimensional configuration of a
spherical solitary sediment particle of diameter D resting over three closely
packed spherical particles of identical diameter d forming the sediment bed.

Diagrammatic 
presentation of forces 
acting on a spherical 
solitary particle, as
considered by Dey

(1999)



Other Investigations
Mantz (1977) proposed the extended Shields diagram to obtain the condition

of maximum stability of sediment particles.
Yalin and Karahan (1979) presented a c(R*) curve, using a large number

of data collected from literature.The c(R*) curve provides c(R*[70) =
0.045. Their curve is regarded as a superior curve to the Shields diagram.

Cao et al. (2006) derived a set of explicit equations for the curve of Yalin
and Karahan (1979).



Other Investigations
Mantz (1977) proposed the extended Shields diagram to obtain the condition

of maximum stability of sediment particles.
Yalin and Karahan (1979) presented a c(R*) curve, using a large number

of data collected from literature.The c(R*) curve provides c(R*[70) =
0.045. Their curve is regarded as a superior curve to the Shields diagram.

Cao et al. (2006) derived a set of explicit equations for the curve of Yalin
and Karahan (1979).



Two-dimensional two-phase Motion





The graph of the function Ycr = ( ) is shown in Figure. This function can
be adequately represented, throughout the extent of -values in Figure, by
the following comp-eq. (due to da Silva and Bolisetti 2000)

Modified sediment transport inception function (adapted from da Silva and Bolisetti 2000)



Development of New Equations



Development of New Equations…



Development of New Equations…



Development of New Equations…
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Introduction

The water need of a crop thus consists of transpiration

plus evaporation. Therefore, the crop water need is

also called “Evapotranspiration". The water need of

a crop is usually expressed in mm/day, mm/month or

mm/season.

Water Requirement of Crop is defined as the depth of

water needed to meet the water consumed through

evapotranspiration by a disease-free crop, growing in




 

large fields achieving full production potential under

the given growing environment.

A crop is a plant or plant product that can be grown

and harvested for profit or subsistence. By

use, crops fall into six categories: food crops,

feed crops, fiber crops, oil crops, ornamental crops,

and industrial crops. Food crops, such as fruit and

vegetables, are harvested for human consumption.

Cont…








Cont…

CROPPING SEASONS

RABI KHARIF ZAID

Rabi crops are sown in winter from October to

December and harvested in summer from April to

June. Some of the important rabi crops are wheat,

barley, peas, gram and mustard.

Kharif crops are grown with the onset of monsoon




 

Cont…

in different parts of the country and these are

harvested in September-October.

Important crops grown

during this season are

paddy, maize, jowar, bajra,

tur (arhar), moong, urad,

cotton, jute, groundnut and

soyabean.




 

In between the rabi and the kharif seasons, there is

a short season during the summer months known

as the Zaid season. Some of the crops produced

during ‘Zaid’ are watermelon, muskmelon,

cucumber, vegetables and fodder crops.

Cont…




 

Functions of Irrigation Water

It acts as a solvent for the nutrients. Water forms the

solution of the nutrients, and this solution is absorbed

by the roots. Thus, water acts as the nutrient carrier.

The irrigation water supplies moisture which is

essential for the life of bacteria beneficial to the plant

growth.

Irrigation water supplies moisture which is essential for

the chemical action within the plant leading to its

growth.




 

Cont…

Some salts present in soil react to produce nourishing 

food products only in the presence of water.

Water cools the soil and the atmosphere, and thus 

makes more favorable environment for healthy plant 

growth.

Irrigation water, with controlled supplies, washes out or

dilutes salts in the soil.

It reduces the hazard of soil piping.

It softens the tillage pans.




 

Quality of Irrigation Water
A good irrigation water is the one which performs

the functions of irrigation without any side effects

which related to the plant growth.

Irrigation water may contain various types of salt

such as sodium, calcium, magnesium and potassium

etc. A high concentration of these salts may prove to

be injurious to the crops.

The salt content of irrigation water is usually

expressed by one of the following ways:-




 

a) Parts per million (ppm) or mg/l

b) Milli equivalents per litre (MEQ/L).

c) Electrical conductivity, expressed in EC ×10 .

Cont…

Salinity concentration of soil solution ( ) can be

determined by the given equation:-

= .
  

where,




 

C = Concentration of salt in irrigation water.

Q = Total Quantity of water applied to the soil.

= Consumptive use of water

= Useful Rainfall

Cont…




 

Classification of Irrigation water 
based on  Salt Concentration

Types Of Water Conductivity 
(micro-mhos/cm) 
at 

Suitable for Irrigation

 )  





 )
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What do you mean by Water Resource Engineering? 

• Water Resource Engineering is a specific kind of civil engineering that involves the design of new systems and equipment
that help manage human water resources. Some of the areas Water Resource Engineers touch on are water treatment
facilities, underground wells, and natural springs.

• Water resources engineering is the study and management of equipment, facilities and techniques that are used
to manage and preserve life’s most plentiful resource.

• In addition to assessing how and the best ways in which to control water as it pertains to water-related activities
– such as irrigation, waste disposal and canal development – water resource engineers are also frequently
involved in water management to ensure that it’s safe to drink both for humans, plants and animal usage.

• Surface water makes up about 71% of the planet, which is the equivalent of roughly 326 million cubic miles.
At the same time, though, just 3% of the Earth’s water is fresh, according to the Bureau of Reclamation. And of
this total, 2.5% of it is out of reach, contained in the soil, polar ice caps, the atmosphere and glaciers or too
polluted to use safely.

• Water resource engineers may be tasked with the awesome responsibility of ensuring that the planning and management of
available water supply are adequately leveraged and remain safe to use for as long as possible. They may also be involved
in water treatment so that the quality of water is improved upon for various end uses, whether that’s recreationally,
commercially or industrially.



Why is water resources engineering important?

• Resources, by their very nature, are finite. There are only a small handful that are naturally renewable – such

as wind, solar, hydro and biomass. While water may be renewable in terms of the many different ways it can

be used and reused, it’s not as abundant as it once was, which many earth scientists and climatologists point to

as a function of climate change.

• Water resource engineers may be charged with developing new systems or processes for private or

government entities that can preserve freshwater sources and find new ones. This may require the assistance

of civil engineers involved as well, designing water purification methods through desalination or creating new

equipment for contaminant transport when water is used for irrigation purposes.

• Understanding what works and what doesn’t when it comes to water resource management is often a

combined effort and may involve a number of different analyses, including hydrologic, which is the study of

the water cycle and directions in which it flows, which may be influenced by weather and other

environmental forces.





UNIT-1



Introduction
• Irrigation- The supply of water to land or crops to help growth, typically by means of channels.
• Water resources of India- Water resources come in many forms, but the three main categories are

saltwater, groundwater and surface water.
• Need of Irrigation in India- Even in areas of high rainfall, irrigation is necessary to further increase the

farm productivity. Indian rainfall is characterized by monsoon gaps. Consequently it may not rain for two or
more weeks during the rainy season and the crops may be badly damaged in the absence of irrigation facilities.

• Development of Irrigation in India- Irrigation is important to a country like India because rainfall here
is seasonal in nature. It is limited to four months of a year. It is also important because some crops require more
water than what it is provided by the rainfall, therefore we have to depend on irrigation.

• Impact of Irrigation on human environment- The intensification of agriculture can lead to
groundwater pollution related to the increased use of pesticides and fertilizers. Improved efficiency may
significantly reduce return flows which are often utilized downstream by other irrigation schemes or wildlife
habitats.

• Irrigation  systems- Minor and Major irrigation projects
• Command Area Development- The command area, of a water source is the extent of area which can be

reliably irrigated from that source. Reliable irrigation means that the availability of water is always larger than
or equal to the irrigation need of a scheme.



Hydrology- Hydrology is the study of the movement, distribution, and quality of water throughout the Earth,
including the hydrologic cycle, water resources and environmental watershed sustainability. A practitioner of
hydrology is a hydrologist, working within the fields of either earth or environmental science, physical
geography, geology or civil and environmental engineering. Water covers 70% of the Earth's surface.

• Hydrologic Cycle
• Rainfall-runoff process
• Factor affecting runoff
• Runoff hydrograph
• Runoff computations
• Flood discharge calculations for
ungauged and gauged site
• Unit hydrograph method
• S-hydrograph
• Different methods of flood forecasting



Unit-2



Water Requirement of crop- The water need of a crop thus consists of transpiration plus evaporation.
Therefore, the crop water need is also called "evapotranspiration". The water need of a crop is usually
expressed in mm/day, mm/month or mm/season. Suppose the water need of a certain crop in a very hot, dry
climate is 10 mm/day.

• Crops and crop seasons in India
• Cropping pattern
• Quality of irrigation water
• Soil-water relationships- soil characteristics significant from irrigation considerations
• Root-zone soil water
• Infiltration
• Consumptive use
• Irrigation requirement
• Frequency of Irrigation
• Duty and Delta

Methods of applying water to the fields- surface, sub-surface, sprinkler and trickle/drip
irrigation types and its design and drawing.



Unit- 3



Sedimentation Transportation- Sediment transport is the movement of solid particles (sediment),
typically due to a combination of gravity acting on the sediment, and/or the movement of the fluid in which
the sediment is entrained.

• Suspended, Bed load and Total Load and
• its estimation by Einstein, VanRijn Rottner, Bagnold, Engelund and Hansen, Yang, Karim an Kennedy, Ackers

and White method
Irrigation Channels- An open canal, channel, or ditch, is an open waterway whose purpose is to
carry water from one place to another. Channels and canals refer to main waterways supplying water to one or
more farms. Field ditches have smaller dimensions and convey water from the farm entrance to the irrigated
fields.

• Sediment threshold and method calculation
• Design of lined and unlined

Silt Theory- Kennedy’s, Lacey’s
• Tractive force Ackers and White and Engelund and Hansen method
• Design procedure for irrigation channels
• Longitudinal cross section
• Schedule of area statistics and channel dimensions
• Use of Garret’s diagrams in channel design
• Cross sections of an Irrigation channel
• Computer programs for design of channels



• Lining of Irrigation canals: Advantages and types, factors for selection of a particular type, design of lined 
channels, cross section of lined channels, Economics of canal lining.
Water Logging- Waterlogging occurs whenever the soil is so wet that there is insufficient oxygen in the
pore space for plant roots to be able to adequately respire. Other gases detrimental to root growth, such as
carbon dioxide and ethylene, also accumulate in the root zone and affect the plants.

• Definition
• Effects
• Cause and anti-water logging measures
• Drainage of water-logged land
• Types of drains open and closed
• Spacing of closed drains



Unit- 4



Irrigation Outlets: Outlets are the openings constructed in the banks of distributaries and minors. Field
channel takes off from this point and gets irrigation water through outlet. It is also called turnout or sluice in
some parts of India.

• Requirements
• Types non-modular
• Semi-module and
• Rigid module
• Selection Criteria

River Training- River training' refers to the structural measures which are taken to improve a river and its
banks. River training is an important component in the prevention and mitigation of flash floods and general
flood control, as well as in other activities such as ensuring safe passage of a flood under a bridge.

• Objective and need
• Classification of rivers and River Training works
• Lane Weight Balance Theory
• Meandering, stages
• Different methods of river training
• Design and Drawing with field example problem as per IS code and IRC
• Bank Protection
• Methods for measurement of discharge




