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PART A 

1. Transpiration is the loss of water in the form of water vapor from the leaves of plants into the atmosphere. 

2. The tract of land that contribute water into a stream or reservoir. 

3. Movement of water under the foundation of irrigation structure with certain amount of pressure is known as 

percolation. 

4. Phreatic line is the top flow line which separates saturated zone from unsaturated zone and below which positive 

hydrostatic pressure exists in the dam section. 

5. Super passage is an irrigation structure that carries drainage above canal as the canal F.S.L is below drainage bed 

level. 

PART B 

1. Relation between Duty and Delta 

D= duty in hectares/cumec 

∆= total depth of water supplied in metres 

B= base period in days 

i. If we take a field of area D hectares, water supplied to the field corresponding to the water depth ∆ metres 

will be = ∆ x D hectares-metres = D x ∆ x1044 cubic-metres. .... (1) 

ii. Again for the same field of D hectares, one cumec of water is required to flow during the entire base period. 

Hence, water supplied to this field. = (1) x (B x 24 x 60 x 60) m³ .... (2) 

Equating Equations (1) and (2), we get D x ∆ x 1044 = B x 24 x 60 x 60 

∆ = B×24×60×60D×104=8.64 B/D metres. 

 

2. Factors affecting run-off 

 Run-off characteristics. 

 Shape and size of catchment. 

 Characteristics of catchment surface. 

 Topography of the area. 

 Geological characteristics of the surface. 

 Vegetative cover. 

3. Weir: The weir is solid obstruction put across the river to raise the water level and divert the water 

into a canal. 
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Barrage: The function of barrage is similar to that of weir but the heading up of water is effected by the gate 

alone. No solid obstruction is put across the river. 

 The main difference between a weir and a barrage is of gates, that is the flow in barrage is regulated by gates 

and that in weirs, by its crest height. 

4.  

 

5.  

 Flood water should not overtop the earthen dam under any condition. 

 The seepage or saturation line should not emerge out of the down stream face of the earthen 

dam. 

 There should be no possibility of piping in or below the earthen dam. 

 Free flow of water from up stream face to down stream face should not be allowed. 

 Upstream face should be strong enough to withstand all the possible forces 

 The slope provided on the upstream and down stream should be such that it can withstand 

even the worst condition. 

6.  

 Aqueduct: 

When the HFL of the drain is sufficiently below the bottom of the canal such that the drainage water 

flows freely under gravity, the structure is known as Aqueduct. 
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o Siphon Aqueduct: 

In case of the siphon Aqueduct, the HFL of the drain is much higher above the canal bed, and water 

runs under siphonic action. 

o Super passage: 

The hydraulic structure in which the drainage is passing over the irrigation canal is known as Super 

Passage. 

o Level crossing: 

This structure makes it possible to dispose off drain water safely at the same level as that of a canal. 

o Inlet and outlet: 

When possible drain water is taken in the canal to be discharged afterwards into a drain at suitable 

location. 

7.  

a. It reduces the loss of water due to seepage and hence the duty is enhanced. 

b. It controls the water logging and hence the bad effects of water-logging are eliminated. 

c. It provides smooth surface and hence the velocity of flow can be increased. 

d. Due to the increased velocity the discharge capacity of a canal is also increased. 

e. Due to the increased velocity, the evaporation loss also can be reduced. 

f. It eliminates the effect of scouring in the canal bed 

g. The increased velocity eliminates the possibility of silting in the canal bed. 

h. It controls the growth of weeds along the canal sides and bed. 

PART C 

UNIT I 

III a) 

1) Method of irrigation:  Affects the duty because the water application efficiency is different.  

2) Type of crop: Duty varies because different crops require varying quatities of water.Duty is low for 

crops requiring high quantity of water. 

3) Method of cultivation: If land is properly ploughed and loose before irrigation then the duty 

increases.  Modern methods give higher duty than the old ones.  

4) Base period of crop:When the base period is long then more water required and hence low duty. 

5) Climatic conditions: Temperature,wind,humidity and rainfall affect the duty. High temperature and 

leads to high evaporation hence duty will be less where as high humidity and rainfall increases the 
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duty. 6) Times of irrigation and frequency of cultivation: Initially not proper level land so more water 

is required so duty is less and the duty increases with time. Frequent cultivation reduces loss of 

moisture and hence duty is high.  

7) Quality of water: if the water contains salts and alkalis more water has to be applied and the duty is 

reduced. 

8)Type of soil: The permeability of the soil under irrigated crop is high, water lost due to percolation 

will be more –hence duty will be less. 

III b) 

 

IV a) 

The computation of average rainfall may be done by the following methods: Arithmetic average 

method. Thiessen polygon method. Isohytel method. 

1.Arithmetic average method: Simplest method of estimating average rain fall.Average rainfall is 

calculated by arithmetic average of recorded rainfall @ various stations.If P1, P2, P3…..Pn are the 

rainfall values measured@ n gauge stations, we have advantage of this suitable method when rainfall 

is uniform.  

i.e Average rainfall =Total rainfall / No. of rain gauge stations. 

2.Thiessen Polygon Method 

Rainfall recorded at each station is given a weightage based on the area closest to the station 

Consider a catchment area with say, 3 rain gauge stations. Let there be 3 stations outside the 

catchment, but in its neighborhood. 
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The catchment area is drawn to scale and the position of these 6 stations are plotted on it. These 6 

stations are joined so as to get a network of triangles. 

Perpendicular bisectors are drawn to each of the sides of these triangles. These bisectors form a 

polygon around each station. 

If the boundary of the catchment cuts the bisectors, then the boundary is taken as the outer limit of the 

polygon. These bounding polygons are called Thiessen Polygons. The area of these polygons is 

measured with a planimeter or by grid overlay. 

 

 

 

 

Isohyetal Method 

Isohyet – It is a line joining points of equal rainfall magnitude 

The catchment area is drawn to scale and the raingauge stations are marked on it 

The recorded rainfall values for which areal average is to determined are marked at the respective 

stations 

Neighboring stations outside the catchment are also considered 

Taking point rainfall values as the guide, isohyets of different rainfall values are drawn (similar to 

drawing contours based on spot levels) 
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IV b) 

 The measurement of velocity by Velocity rods:Velocity rod made of hollow metal or 

wood. Velocity rod consist of a vertical wooden rod which is weighted at the bottom to keep it 

vertical with its top end emerging out of free water surface when floating. It will travel with a 

velocity equal to mean velocity of flow.  Its diameter is about 2.5 to 5 cm. Weight provided at 

the bottom of the rod to keep it vertical. length of the rod is adjustable. Rod is generally 

submerged to the extent of O.6D. The procedure of measurement is exactly similar to that in 

the surface float 

Velocity is estimated by timing how long a floating object takes to travel a pre-determined distance. 

Observed velocity is adjusted by some factor to estimate average velocity.  

 

 The measurement of velocity by current-meter. 

The velocity of flow at any point in the open channel can be most accurately and conveniently 

determined by means of a mechanical device named current-meter. 

Thecurrent-meter in which there is a wheel of conical cups (6 to 8) is mounted on arms of a vertical 

axis.When the meter is lowered in water and when it faces the current of water in the channel the 

wheel rotates. The meter is also fitted with a streamlined weight (fish weight) which keeps the meter in 

a vertical position. The rate of rotation of the wheel depends on the velocity of flow. A dry battery is 

kept on the shore or in a boat and an electric current is passed to the wheel from it. A commutator is 

fixed to the shaft of the revolving wheel.When an electric circuit is broken an electric bell in the boat 

rings or a head phone m the boat buzzes. Then the time taken for a required number of revolutions 

may be noted. The velocity of flow can be read from a rating table. The rating table is always provided 

with the meter. 
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 By method of Surface floats : 

They are made of light material, for example, cork. To make them easily distinguishable they are 

painted on top. The light floats are weighted to keep them floating just above the water surface.

 

Two wire ropes or cables are stretched across the channel at right angles to the flow. The ropes are 

marked to divide the channel width in various paths or tracks for floats. The two ropes are separated by 

a known distance. The distance between the ropes is called a reach or a run.A third marked rope is 

stretched across the channel upstream of the reach by about 15 to 20 meters. The floats are released at 

this point. By the time floats enter the run they acquire uniform velocity. The floats which follow their 

respective tracks are only considered. 

The floats may be observed through theodolites to note accurately the time taken by the floats to cross 

the run. As the velocity of the floats is affected by wind, a calm day should be chosen for taking 

observations.  
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UNIT II 

V a) 

The effect of percolation on an irrigation structure like weir is to cause uplift pressure on the structure 

and topple the structure at any time. To keep them checked the length of creep should be properly 

calculated and provide the protective works like, 

 Upstream stone pitching 

 Upstream apron 

 Upstream curtain wall 

 Downstream apron 

 Downstream curtain wall 

 Talus 

 Protective blocks 

 

V b) 

 The river section at the site should be narrow and well-defined. 

 The elevation of the site should be higher than the area to be irrigated for gravity flow.   

 The percolation losses at the area should be less. 

 The diversion headworks should not submerge valuable land and property on its upstream site. 

 The site should provide a good foundation for the construction of weir and barrage.   

 The required materials of construction should be available near the site.  

 The site should be easily accessible by road at any time or during any season. 

 The overall cost of the project should be minimum. 

 The number of cross drainage works should be minimum. 

VI a) 

The main function of a diversion head works of a canal from a river, is 

A. It control silt entry into the canal 

B. It regulates the intake of water into the canal 

C. To store water for tiding over small periods short supply 

D. It raises the water level into the river so that the command area can be increased. 

E. Reduces the fluctuations in the level of supply in the river. 
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VI b) 

Component parts of a Diversion Headwork 

 Weir or Barrage 

 Divide wall  

 Fish ladder 

 Approach channel 

 Scouring sluices 

 Silt Preventing devices 

 Canal Head Regulator 

 River Training Works (Marginal Bunds and Guide Banks). 

 Weir 

The weir is a hydraulic structure constructed across the river to raise its water level and divert the water into 

the canal. If a weir also stores water for tiding over small periods of short supplies, it is called as storage weir. 

The main difference between a storage weir and dam is only in height and duration for which supply is stored. 

 Divide Wall  

The divide wall is a masonry or concrete wall constructed at right angle to the axis of the weir. 

The divide wall extends on the upstream side beyond the beginning of the canal head regulator, and on the 

downstream side, it extends up to the end of the loose protection of the under-sluices. 

Functions 

 It separates the ‘under-sluices’ with lower crest level from the ‘weir proper’ with higher crest level. 

 It helps in providing a comparatively less turbulent pocket near the canal head regulator, resulting in 

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

 Fish Ladder 

 It is usually located between the weir and divide wall. 

 It is suited near the divide wall as there is always some water in the river section below the scour 

sluices. 

 The baffles of an inclined trough with baffles with helps provided in them. 

 The fish ladder should be designed to have a velocity of 3 m/s or less in the trough. 
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 Scouring Sluices 

They maintain a deep channel in front of head sluice and dispose off heavy silt and a part of flood discharge on 

the downstream side of the barrage or weir. 

Function 

 To preserve a clear and defined river channel approaching the regulator. 

 To control the silt entry in to the canal. 

 To help in passing low floods without dropping the shutters of main weir. 

 

 Silt Preventing Devices 

The entry of silt into a canal, which takes off from a head works, can be reduced by constructed certain special 

works, called silt control works. 

Types 

Silt Excluders 

Silt Ejectors 

 Canal Head Regulator 

A head regulator is structures constructed at the head of a canal off take from a reservoir behind a weir or a 

dam. It may consist of a number of spans separated by piers and operated by gates. 

Functions 

 To make the regulation of supply in the canal easy. 

 To shut out river floods. 

 To control the silt entry into the canal. 

 River Training Works 

River training works are required near the weir or barrage in order to ensure a smooth and an axial flow of 

water when the length of a weir or barrage is smaller than the width of a river. 
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Types 

 Guide banks 

 Marginal bunds 

 Spurs or Groynes 

 Guide Banks 

When a barrage is constructed across a river which flows through the alluvial soil, the guide banks must be 

constructed on both the approaches to protect the structure from erosion. 

 Marginal Bunds 

The marginal bunds are earthen embankments which are constructed parallel to the river bank on one or both 

the banks according to the condition. The top width is generally 3m to 4m. The side slope on the river side is 

generally 1.5:1 and that on the country side is 2:1. 

Purpose 

 It retains the flood water or storage water within a specified section. 

 It protects towns and villages from devastation during the heavy flood. 

 It protects valuable agricultural lands. 

 Spurs or Groynes 

These are temporary structures permeable in nature provided on the curve of a river protect the river bank from 

erosion. 



MADIN
 P

OLY
TECHNIC

 C
OLL

EGE

www.madinpoly.com  

   

 

These are projected from the river bank towards the bed making angles 60-70 degree with the bank of the 

river.The length of the spurs depends on the width of the river and the sharpness of the curve.

 

 

UNIT III 

VII a)  

A Gravity Dam is said to be low when its height is less than: λ /w(1+ρ) 

i.e H < λ /w(1+ρ) 

Where, 

λ= Allowable safe compressive strength of the Dam in KN / m² 

w = Specific weight of water in KN / m³ 

ρ= Specific Gravity of Dam Material 

A dam is said to be high dam if the height exceeds the above value 

i.e H > λ /w(1+ρ) 

In a low dam, the resultant passes through lower middle third point. 

On the other hand, in a high dam, the maximum permissible stress would be exceeded if the resultant were to 

pass through the middle third point. For the same reason, the downstream slopes are made flatter in High 

Dams.  
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VII b) 

Failures of earthen dams can generally be grouped into three 

classifications: hydraulic, seepage and structural. 

 Hydraulic Failures 

Hydraulic failures from the uncontrolled flow of water over and adjacent to the embankment are 

due to the erosive action of water on the embankment slopes. Earthen dams arenot normally 

 designed to be overtopped and therefore are particularly susceptible to erosion. Awell vegetated  

earthen dam may withstand limited overtopping if its top is leveland water flows over the top and  

down the face in an evenly distributed sheet without becomingconcentrated in any one area. 

Hydraulic failures may be related directly or indirectly to the following: 

 Overtopping  

 Wave Erosion - Notching of upstream face by wave action reduces the embankment 

cross section thickness and weakens embankment material. 

 Top Erosion - Erosion of downstream toe of the earth slope caused by misdirected 

spillway outlet discharge. 

 Gullying - Rainfall erosion of embankment slopes. Also caused by traffic from people 

and vehicles. 
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 Seepage Failures 

Most embankments exhibit some seepage. However, this seepage must be controlled in velocity 

and quantity. Seepage occurs through the earthen dam and/or through itsfoundation. Seepage,  

if uncontrolled, can erode fine soil material from the downstream slope orfoundation and  

continue moving towards the upstream slope to form a pipe or cavity to the pondor lake often 

 leading to a complete failure of the embankment. This action is known as “piping. “Seepage 

failures account for approximately 40 percent of all earthen dam failures.Seepage can also  

cause slope failures by saturating the slope material, thereby weakening theadhesive properties  

of the soil and its stability.  

 

 

Piping Through Foundation 

 

 Structural Failures 

Structural failures involve the separation (rupture) of the embankment material and/or its 

foundation. This type of failure is more prominent in large embankment dams. Structural failure  

of an earthen embankment may take on the form of a slideor displacement of material in either the  

downstream or upstream face. Sloughs, bulges, cracksor other irregularities in the embankment or dike 

 generally are signs of serious instability andmay indicate structural failure. 
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Sliding of Foundation 

Sliding of Embankment 

Sliding of embankment occurs when the slope of embankment is too steep. When the reservoir water level is 

suddenly draw down, then there is a chance of sliding of upstream slope. Similarly, when the reservoir is at full 

level, then there is a chance of downstream slope failure. 

 

 Upstream Slope Failure 

The above failures are mainly due to excessive pore water pressure which reduces the soil shear strength. 

Among the both cases, downstream slope slide is very dangerous. Most of embankments are failed during 

consolidation process. 

VIII a) 

Spillways are classified into different types on the basis of the arrangement of the control structure, a 

conveyance channel and a terminal structure.Different types of spillways are as follows: 

1. Straight Drop Spillway 

2. Ogee Spillway 
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3. Shaft Spillway 

4. Chute Spillway 

5. Side Channel Spillway 

6. Siphon Spillway 

1. Straight Drop Spillway 

A Straight drop spillway consists of low height weir wall having its downstream face roughly or perfectly 

vertical. When the water level in the reservoir rises above the normal pool level, the surplus water falls freely 

from the crest of the weir and hence it is known as Straight drop spillway or free over fall spillway.To prevent 

the scouring of downstream bed from falling water jet, an artificial pool with a concrete apron and low 

secondary dam is constructed on the downstream side.

 

2. Ogee Spillway 

Ogee spillway, as the name says, represents the shape of the downstream face of the weir. It is an improved 

form of a straight drop spillway. In this case, the downstream face of the weir is constructed corresponding to 

the shape of lower nappe of freely falling water jet which is in ogee shape. 

The ogee shape of the downstream face is designed on the basis of the principle of a projectile. In general, the 

shape of lower nappe of the water jet is not constant for all water heads hence, the shape obtained for the 

maximum head is taken into account while designing ogee spillway. 
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3. Shaft Spillway 

A Shaft spillway is a type of spillway which consists of a vertical shaft followed by a horizontal conduit. The 

surplus water enters into the vertical shaft and then to the horizontal conduit and finally reaches the 

downstream of the channel. 

The shaft constructed is either artificial or natural. Excavation for the natural shaft is possible only when the 

hard-rocky layer is present on the upstream side. The horizontal conduit either passes through the dam body or 

through the foundation of the dam. 
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4. Chute Spillway 

Chute spillway is a type of spillway in which surplus water from upstream is disposed to the downstream 

through a steeply sloped open channel. It is generally constructed at one end of the dam or separately away 

from the dam in a natural saddle in a bank of the river. 

Chute spillway is suitable for gravity dams, earthen dams, rockfill dams, etc. But it is preferred when the width 

of the river valley is very narrow. The water flows along the steeply sloped chute or trough or open channel 

and reaches the downstream of the river. Chute spillway is also called as trough spillway or open channel 

spillway. 

 

5. Side Channel Spillway 

Side channel spillway is similar to chute spillway but the only difference is the crest of side channel spillway is 

located on one of its sides whereas crest of chute spillway is located between the side walls. In other words, the 

water spilling from the crest is turned to 90 degrees and flows parallel to the crest of side channel spillway 

unlike in chute spillway. 
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6. Siphon Spillway 

A siphon spillway is a type of spillway in which surplus water is disposed to downstream through an inverted 

U-shaped conduit. It is generally arranged inside the body or over the crest of the dam. 

In both types of siphon spillways, air vents are provided at the bent portion of the upper passageway to prevent 

the entrance of water when the water level is below the normal poll level. Whenever the level rises above 

normal pool level, water enters into the conduit and is discharged to the downstream of the channel by siphonic 

action. 

 

 

 

 

VIII b) 
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Factors Affecting site selection of a Dam 

These factors are discussed one by one. 

 Topographical conditions: 

 A narrow U-shaped valley, i.e. a narrow stream flowing between high rocky walls, would suggest a 

concrete overflow dam. 

 A low plain country, would suggest an earth fill dam with separate spillways. 

 A narrow V-shaped valley indicates the choice of an Arch dam 

 Geological and Foundation Conditions: 

 Geological and Foundation conditions should be thoroughly surveyed because the foundations have to 

carry the weight of the dam.  

 Solid rock foundations such as granite have strong bearing power and almost every kind of dam can be 

built on such foundations. 

 Gravel foundations are suitable for earthen and rock fill dams. 

 Silt and fine sand foundations suggest construction of earth dams or very low gravity dams. 

 Clay foundations are likely to cause enormous settlement of the dam. Constructions of gravity dams or 

rock fill dams are not suitable on such foundations. Earthen dams after special treatments can be built. 

 Basin should be wide above the dam site 

 Should have steep slope for maximum storage. 

 Narrow outlet is preferable which will reduces the cost of construction 

 Availability of materials 

 Spillway size and location 

 Should not submerge the valuable land 

 Height of the Dam 

 Other factors such as cost of construction and maintenance, life of dam, aesthetics etc. 

 

 

 

 

UNIT IV 
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IX a) 

Cross section of canal in 

 

 

IX b) 

  

  

Cross section of canal in cutting  

 

Cross section of canal in partial cutting& filling 

Cross section of canal in embankment 
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X a)The effects of soil erosion include: 

 Loss of topsoil: Obviously, this is the biggest effect of soil erosion. Because topsoil is so fertile, if it is 

removed, this can cause serious harm to farmer’s crops or the ability to effectively work their land. 

 Soil compaction: When soil under the topsoil becomes compacted and stiff, it reduces the ability for 

water to infiltrate these deeper levels, keeping runoff at greater levels, which increases the risk of more 

serious erosion. 
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 Reduced organic and fertile matter: As mentioned, removing topsoil that is heavy with organic 

matter will reduce the ability for the land to regenerate new flora or crops. When new crops or plants 

can’t be placed successfully in the area, this perpetuates a cycle of reduced levels of organic nutrients. 

 Poor drainage: Sometimes too much compaction with sand can lead to an effective crust that seals in 

the surface layer, making it even harder for water to pass through to deeper layers. In some ways, this 

can help erosion because of the densely packed soil, but if it perpetuates greater levels of runoff from 

rainwater or flooding, it can negatively impact the crucial topsoil. 

 Issues with plant reproduction: When soil is eroded in an active cropland, wind in particular makes 

lighter soil properties such as new seeds and seedlings to be buried or destroyed. This, in turn, impacts 

future crop production. 

 Soil acidity levels: When the structure of the soil becomes compromised, and organic matter is greatly 

reduced, there is a higher chance of increased soil acidity, which will significantly impact the ability 

for plants and crops to grow. 

 Long term erosion: Unfortunately, if an area is prone to erosion or has a history of it, it becomes even 

harder to protect it in the future. The process has already reduced the soil structure and organic matter 

of the area, meaning that it will be harder to recover in the long run. 

 Water pollution: A major problem with runoff from soils – particularly those used for agricultural 

processes – is that there is a greater likelihood that sediment and contamination like the use of fertilizer 

or pesticide. This can have significant damage on fish and water quality. 

X b) 

 Seepage losses, which occur in earthen channels of surface irrigation methods, are completely 

eliminated. Moreover, only optimum quantity of water is used in this method. 

 Land leveling is not required, and thus avoiding removal top fertile soil, as happens in other surface 

irrigation methods. 

 No cultivation area is lost for making ditches, as happens in surface irrigation methods. It, thus, results 

in increasing about 16% of the cropped area. 

 In sprinkler system, the water is to be applied at a rate lesser than the infiltration capacity of the soil, 

and thus avoiding surface run, and its bad effects, such as loss of water, washing of top soil, etc. 

 Fertilizers can be uniformly applied, because they are mixed with irrigation water itself. 

 This method leaches down salts and prevents waterlogging or salinity. 

 It is less labour oriented, and hence useful where labour is costly and scarce. 

 Up to 80% efficiency can be achieved, i.e. up to 80% of applied water can be storedin the root zone of 

plants. 


