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Part - A
1. When the top fertile soil layer is transported by natural forces like water and wind
from one place to another, the phenomenon is r:alled soil erosion.
2. Works constructed at the head of a canal taking off from a river for the supply of
water for irrigation purposes are known as hea,r works.
3. Food crops: - rice, maize, millet, pulses conrmercial crops: - ground nut, sesame,

cotton.
4. The total water supply of the earth except de,.'p ground water is in circulation from
the earth to the atmosphere and back to earth. Ihis circular system of the earth's
water is called Hydrologic Circle.
5. Barrage: - if storage of water is done by gates; and a smaller portion or no portion of
water is stored by the raised crest, then the barlier is known as :r barrage.
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It consists of a cylindrical vessel t27mm in diamcter with a base enlarged to 210mm
diameter. A bottle is placed in it with a funnel of internal diameter L27mm with a

circular brass rim at its top. The capacity of the l:ottle is about 75mm to 100mm of
rainfall. ln case of heavy rainfall, it should be measured 3 or 4 tinres in a day. At the site
where the rainfall is to be measured, the site shrruld be free from obstructions such as

trees, houses, walls etc.

2.Head_ferolatoI:- it is a structure constructed at the head of thel cana! where it takes
off from the river behind the weir or dam. A hear,l regulator consists of a number of
spans separated by piers and operated by gates !t regulates the supply of water into
the canal. The head regulator is constructed witi stone masonry.
The main functions are:-
tt controls the entry of silt into the canal.
It regulates the water entering the cana!.
It can be used for measuring the discharge allowr:d into the canal.

3. Selection of site
Head works should not be located in a rocky or rrrountainous region because the river
in this stage has steep bed slope and high velocilry. Hence,
More cross drainage works are required.
A shingle excluding regulator is necessary which is very expensivel.
Suitable site for diversion works.
The site should be so selected such that-
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The number of cross drainage works should be less.
Losses due to percolation should be less.
Construction materials should be locally available.
The width ofthe river should be narrow inorder to reduce the cost of head work.
The demand of water should be large.
The site of head work should be safe for the dislrosal of water.
Transport fa€ility and labour should be cheaply rrvailable

4.The stage or gauge is the elevation of water sLtrface of the stream measured relative
to a datum. The river water levels are generally measured with reference to a fxed
bench mark which is always connected to GTS t)ench mark. Stage or gauge is an
important river flow parameter.
Gauge posts are installed at a convenient place / where water reading can be taken
with accuracy. lf depth of flow is more, a numb,! r of gauges in the same section will be
necessary. Care should be taken to see that the last graduation of the first gauge and
the starting graduation of the second gauge should be at the same level so that the
readings can be consecutive. The posts should irrve good foundation to resists scouring
actlon. The gauge is usually made of enamelled plate graduated in m and mm, The
zero of the gauge is generally connected to an e{;tablished bench mark.

5.Rotation of croos
lf the same crop is grown for a number of yearc ,rn the same field, the soil becomes
weak and less fertile and the yield ofthe crop gr ts reduced. Change of crops from year
to year helps to restore the fertility of the soil.

AdvantaPes of rotation:-
-it check multiplication of insects, pests and crop deseases,
-if a crop like gram is introduced in rotation nitrogen content of the soll is increased.

Pattern of rotation suggested by scientists are
Wheat- great millet- gram
Rice- gram
Cotton- wheat- gram
Cotton- wheat-sugarcane
Cotton- great millet-gram

5.lilassltselieretgneh
Based on nature of sourre of suoplv

Permanent canalsl when water flows through the canals throughout the year they ar€
known as permanent canals or perennial canals, The source of these canals are
perennial rivers. These canals are closed only for repair works.
lnnundation canalsr the canals which run only ftrr particular periods durlng which
water level remins above the specified level are known as innundation canals or barsati
canals. water is drawn by provlding open cuts in thee river bank. The flow in these
canals can only be anailable when the water levlrl in the river is above the bed levelof
the cut provided in the bank.
Based uoon the ouroose of the canal
lrrigation canals
Water supply channels
Navigation canals
Carrier canals
Power generation canals
Feeder canals
Based on financial outout
Protective canal:- the main aim is to protect the irreas prone of famine, proper

works are constructed in these canalsi famine conditions these
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canals carry water to the affected areas.
Productive canal:- these are normal irrigation crrnals. These are revenue earning canals,

I
Main canah this is the canal which is directly t ken off from a river or reservoir.
Usually large in size, no direct irrigation is done. lt functions as a carrler or feed canalto
branch or other canals,
Branch canalr for supplying water to a larger a rea, the main canal is bifurcated into
two or more canals known as branch canals.
DlstributaryF these draw water from the branch canals. They carry small discharges of
0,5 to 7.0 cumecs,
Minorr they draw water from the distributarieri. They carry discharges from 0,25 to
0,50 cumecs. Outlets are provided in minors at rfarious points for irrigation purposes.
Water course:- these are small channels which ,lraw water from the minors through
their and carry it direct to the fields for irrigatiorr purposes.

7, Over topping- if the water level in the reservoir rises to such a height that it flows
over the top of the earth dam failure due to erorion takes place. Sometimes if spillway
capacity is insufricient or if the free board ls insLrfficient or if the foundation settles it
may lead to over topping.
Wave erosion! ifthe upstream slope is not protected properln waves, rain and wind
may scoop out the earth and cause erosion on llre upstream side. The slope becomes
steep due to erosion and slipping of the upper l.tyers occur.
Toe erosionr occur due to -erosion due to tail water.

-erosion due to cross currents. lf the spillway or surplus
weir is too close to the earth dam the discharging water may erode toe ofthe dam.
Gullyingr due to heary rainfall , gullies may be brmed on the downstream slope
which is normally unprotected.
Pipingr water percolates either through the bu[d or under its foundation. When the
velocity ofthe seeping water is more, erosion tirkes place. Conduits may be formed
inside the bunds. Soil erosion takes place throullh these cavities. This leads to the
internal wash out of the dam and the bund sinks.
Leaks in the embankment may also lead to piping failure.
Poor compaction and poor quality of bonding b,ltween embankment and the
foundation may also lead to piping failures.

Sloughingr this is also closely related to piplng. Under full reservoir condition the
downstream toe remains saturated and slowly krad to erosion producing small slide or
slump, This when satuft ed by seepage slumps i gain. This process continues till the
remaining portion of the dam cannot withstand the water pressure. Complete failure
occurs suddenly as the reservoir breaks through.

Part {
Unit - |

lll. (a)

Flow irrisationr an irrigation in which the water i; conveyed to the land by gravity flow.

Perrennial irrieationr water is supplied accordinl; to the crop requirements through out

the crop period. For such systems constructions li<e dams or barrages are required to

store the excess water during floods and to relea ie it to the crops as and when required.

lnundation irrieation:- it is done by deep floodinf; and thorough saturation of the land to
be cultivated which is then drained off prior to the planting of the crop.

Direct irriEation/ river. canal irriEation:-here walor is directly diverted to the canal

without storing. A low diversion barrage is constructed cross the river which raises the
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water level in the river.

Storase irrisationi in this system a solid barrier !,uch as a dam is constructed across the

river and water is stored. This scheme is compar;tively of a bigger magnitude and

involves much more expenditure. A network of ( itnal systems convey water to the
agricultiralfields.

Combined svstem Istorase cum diversion schenle):- here a combined scheme is adopted

in which the water is first stored in the reservoir formed at the upstream side of the

dam, and this water is used for water power gen{)ration. The discharge from the power

house is fed back into the river, to the downstrei! m side of the dam. Thus sufficient
quantity of flow is again available in the river. At a suitable location in the downstream, a

weir is constructed , which diverts water from th': river to the canal.

(b)

Various methods to imorove dutv

Suitable method should be adopted for applying water.

The land should be properly ploughed and levell( d before sowing the crop.

The land should be cultivated frequently, since il reduces the loss of moisture.

The canals should be lined.

Parallel canals should be constructed.

The idle length of the canal should be reduced.

Canal should not be aligned in sandy soil or fissured rock.

Good quality of water should be supplied.

Rotation of crops should be practised .

The canals should be so aligned that the areas to be cultivated are concentrated along it.

lv. (a)

Pgly! represents the irrigating capacity of a unit of water. lt is the relation between the

area of a crop irrigated and the quantity of irrig; :ion water required during the entire
period of the growth of that crop.

Deltar is the total depth of water req uired by a r:rop during the entire period thecropis
in the field and is denoted by the symbol A.

Base oeriodr for a crop refers to the whole period of cultivation from the time when

irrigation water is first issued for preparation of the ground for planting the crop, to its
last watering before ha rvesting.

Crop oeriodr is the time in days that a crop tak(r; from the instant of its sowing to that of
its harvest.
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(b)

Relation between Dutv and Delta

- duty in hectares/ cumec

- total depth of water in 'm'

- base period in days

lf we take a field area D heatares, water suppliecl to the field corresponding to the water
depth Am will be

AXDhectare-metres

= DXAX 1O4Cu m ................................. . (1)

For the same field of D hectares, one cutnec of water is required to flow during

the entire base period.

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

Equating (1) and (2)

DXAXlOa= B X24X60X60

A=BX24X60X60

DX1o4

le, A = 8.54 B/D metres

Unit -ll

V, (a) Weir or anicut or barrage across the riverri a weir is a masonry structure
constructed across a river to raise the water levol so that water from the river can be

diverted into the canal. Generally a weir is align0d at right angles to the direction of the
flow of water in the river.

Simple weirr a barrier is required to be constru(ted across the river to raise the level o,
water on the u/s side. lf the major part of the entire amount of water is stored by a

raised crest and a neBligible part of water is stor,:d by shutters then the barrier
constructed across the river is called a simple wErir.

Barrager if storage of water is done by gates anrl a smaller portion or no portion of
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wateris stored by the raised crest,then the b:irrieris known as a barrage.

(b)Divide wa‖ or divide ttrovne:‐ it is a:ong so‖ d masonry wa‖ bui:t bemeenthe

scouring s:uices and the weir at right ang:es to l:he axis ofthe weir.it divides the river

channe:into mo compartments.in the sma‖ er compartrnent which is nea"to the head

regu!ator a sti::pond is created.it extends bey【 )nd the upstream vent ofthe head

"egulator and upto rough stone apron on the d(,wnstream side.

The divide wa‖ retains water on both the faces.The riverflow is on one side and the

sti:l wateris on the cther side.

The main functions areト

:t protects the main weir wallfrom scour:ng.

it forms a sti::pond in front of the head sluice:ind prevent the silt from entering the

cana:.

:t provides a straight app"。 ach to scouring s:ui(les.

it div:des the fioo"ofthe main weir and scou‖ :lg s:uices which are at difrerent ieveis.

lt serves as one ofthe side wa‖ s ofthe■ sh:ad(ler.

Head reeu:ator:‐ itis a structure constructed atthe head of the canal where it takes off

fronn the river behind the weir or damo A head Fegu:ator consists of a number ofspans

sepanted by piers and operated by gates.lt rel:口 lates the suppiv of waterinto the

Cana:.The head regu:atoris constructed with sltone rnason町 .

The main functions areト

:t contro:s the entry ofsi!tinto the cana:.

:t regulates the water entering the cana:.

it can be used for rneasuring the discharge a‖ ol`′ ed into the cana:.

Vi。 (a)ClasSi■ Cation of head wo“ks.:‐ can be dh,ided into two types

Diversion works :. diversion works are construcled to divert water into the canal from

the river.

It re8ulates the intake of water into the canal.

It increases the water level so that the commanrl area can be increased.

Entry of silt into the canal is controlled.

Water can be stored for tiding over small periods of short supply.

It reduces fluctuations in the level of supply in tlrc river.

Storage worksr storage works are constructed ucross streams and rivers to store

water. Reservoirs and tank come under this calegory. These are constructed where
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storage in the form of a reservoir is possible. Gonerally the canals start from high levels

and flow for some distance without irrigation. /\fter entering into the plains the water
is allowed to flow to the fields by gravity for irligation purpose.

(b) Divide wall or divide erovner it is a long solid masonry wall built between the
scouring sluices and the weir at right angles to I he axis of the weir. lt divides the river
channel into two compartments. ln the smaller compartment which is near to the head

regulator a still pond is created. lt extends bey,i nd the upstream vent of the head

regulator and up to rough stone apron on the (lownstream side.

The divide wall retains water on both the faces. The river flow irs on one side and the
still water is on the other side.

The main functions are:-

It protects the main weir wall from scouring.

It forms a still pond in front of the head sluice and prevents the silt from entering the
canal.

It provides a straight approach to scouring sluir::s.

It divides the floor of the main weir and scourinB sluices which are at different levels.

It serves as one of the side walls of the fish ladrler,

Head reeulator- it is a structure constructed at the head of the canal where it takes off
from the river behind the weir or dam. A head regulator consists of a number of spans

separated by piers and operated by gates. lt retS ulates the supply of water into the
canal. The head regulator is constructed with sitone masonry.

The main functions arer

It controls the entry of silt into the canal.

It regulates the water entering the canal.

It can b€ used for measuring the discharge allorrrred into the canal,

Unit -lll,

Vll, (a) Conditions suitable for earth damsr

Foundations which have low bearing capacity,

The foundation is permeable and earthy.

Suitable soilfor earth dam is available in the nearby area. Materials like stone, silt, clay

and sand are available in plenty.

The impounding water depth is not much.

The spillway need not be provided in the section.
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(b) Structural failures:-

Failure of uostream slooe due to sudden draw d!lg! :- when the reservoir is suddenly
emptied which is called sudden draw down, it c;,uses the upstream slope to slip if it is
cohesive soil.

Failure of downstream slooer when the downst:ream slope is steep and the soil is not
compacted well , the seepage water through the bund causesthe downstream slope to
slip and slowly failure occurs.

Foundation slidei when the foundation of the (Iarth dam consislts of fine silt , soft soil
the foundation is likely to slide due to water pr{}ssure.

Failure due to spreading:- this occurs when stralified deposits contain layers of silt and
soft clay.

slooe orotection failurer slopes are generally protected by rough stone revetment over
a layer of gravel. When the reservoir is full durir,g heavy storm , the waves beat
repeatedly against the slope. Due to this the stones are washed away exposing the
embankment to wave erosion.

Failure due to damaqe caused bv burrowinq ani3nalsr animals like rats burrow into the
embankment to dig passage from one point to i, nother to make homes, This will make
the bund weak,

Failure due to earthouakes'. due to earthquaker;, the dam foundation settres due to
compression, thereby reducing the free board a nd increasing the chances of
overtopping.

Precautions to be taken

Both upstream and downstream slopes should lre made very flat to avoid stress on
foundation.,

Providing key trenches to bond the dam section to the ground.

Providing cut of trench for sufficient depth.

Good materials should be used for dam constru:tion,

compaction should be done by rolling the surfar:e at different stages with heavy rollers.

Vi::.(a〕 ヾ 調 …

「

3・キ″く′
i-f41u";o'

ツ三
″必―タ



with revetment 0.3m thick,

/b)

Tank sluice with tower head:-

It has the following component parts

1.Lead chamberr it is placed on the upstream !iide and it is a stone masonry chamber,
This chamber leads the water from the tank inlD the barrel of the sluice.

2, Tower head with resulatins arraneements:- t is placed on the upstream side of the
earthen bund, A circularwell of masonry with internal diameter 1.25m is built. A
wooden shutter is placed in the circular chambor to regulate the flow of water into the
barrel.

3. Barrel of the sluicel the main function is to (;onvey water from upstream side of the
tank to the field channel through the cistern. Tlre size o, the barrel depends upon the
quantity of discharge it has to convey.

4. Cisternr this is a square chamber built in milsonry at the downstream side, The

water from the barrel enters the cistern and is teleased to the different field channels

through the vents provided at different levels.

Unil[ - lV

lX. (a) Natural causes!

1. Water erosionr this is due to beating of rain water flowing with high velocity on
the land.

Two typesr

Sheet erosionl here a thin sheet of soil is washed away, which is undetected for a
long time.

Gullv erosionr when sheet erosion is allowed br a long time, it leads to gully erosion.
As water flows fast, gullies are formed.

2. Wind erosionr occurs due to high velocity of wind. Coarse sand particles are
lifted and carried away to other places anc deposited.

Artificial causes:-

- Faulty method of cultivation like improyrer rotation of crops,

- Deforestation and over grazing.

Preventive measuresr

- Contour bunding, contour tilling, contort r sowing

- By growing trees which obstruct wind volocity.
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(b) Drainaee of earth dams

The methods adopted are:-

lnternal drainape svstem:- horizontal filters an(l vertical filters are provided atthe
base from the end of the hearting zone to the drrwnstream end, The seepage water is

collected from vertical filters which in turn are r:ollected from the body of the dam and
caries the seepage water to the toe drain.

rock toe and toe drain: rock toe keeps the phr€riltic line within the section and also
facilitates drainage. The toe drain and rock toe trre to be provided at the downstream
end (toe) of the earth dam to collect the seepal;e flow from the horizontal filters. The
seepage flow is drained out by a network of crc,r;s and longitudinal drains provided on
the downstream side in the body of the dam,

o Surface drainaser it is required to protect the downstream face of the earth dam
from erosion by rain water. Open drains are lairt along the sloping face to drain rain
water. These drains are generally formed with d ry stone pitchintg or concrete blocks.
Sometimes perforated pipes are laid horizontally. Along the length ofthe dam one
main pipe is laid and at right angles to this , sm; ll drains are laid. The collected seepage
water is taken to an outfall.

Tank sluicesr a sluice is an arrangement to coflrey water from the tank to a
distribution channel by means of a masonry barrel or Rcc pipe running under the tank
bund.

Two typesl

Tank sluice with head wall

Tank sluice with tower head.

Tank sluice with head walh the head wall type tank sluice is generally adopted by
minor irrigation department, lt discharges water with a head of 5,5m above tank stuice
sill.

This woe of tank sluice consists of the following oarts-

constructed with rubble masonry in cM 1:6. suirable wing walls are provided at the
head and tail end of the sluice.

culvert or barrel of the sluice:- the size of the c l lvert should not be less than o.7m wide
and 0'75m high. rt should be such that a percorr should be able to enter it for carrying
repairs and cleaning operations.

stilline basin:- provided to reduce the velocity .f water flowing through the barrel. ln
the middle of the stilling basin, a precast Rcc blJck of o,4om thick is provided to reduce
the velocity of water to a safe level.

Aooroach embankment for ooeratins the resulitinq arransementi an approach
embankment with 1:1 side slopes is provided for access to the head wall. rt is provided



Crops should be selected such that they :over the soil and prevent beating of
rain,

Rotation of crops and mixed crops prevri: nt soil erosion,

Providing outlets to reduce the velocity )f water.

Afforestation of catchment area.

(b) Canal linine:- can be defined as providing an impervious layer either of concrete or
asphalt to the bed and sides of the canal to coiltrol the seepage losses.

AdvantaEesi

- Water can be allowed to flow at higher 'relocities.

- Maintenance cost of the canal is reduced.

- The erosion of bed and sides is reduced,

- lt checks growth of weeds in the canals,

- lt helps to prevent canal breaches.

x. (a) Bermr is the horizontar distance reft arr ground rever between top edge of the
cutting and inner toe of the embankment. A hest berm is one which remains at FsL or
slightly above it.

Reeime channel:. a channel is said to be reginre when there is neither silting nor
scouring happens,

Land reclamationr is defined as a process of :onverting barren, unproductive, waste
land which are unfit for cultivation into productive and crop growing land.

Aoueduct' whenthecanar bed rever is high(r'than the bed rever ofthe river, the
cross drainage work constructed is known as irn aqueduct.

(b) A canal is arigned according to the topograp hy of the rand. tt is to be arigned in such
a way that it cove6 the entire proposed area t,: be irrigated with shortest possible
length and with minimum cost.

contour canal r is aligned generafly arong a co,tour sufficient to suppry water to the
adjacent land to be irrigated.
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a ridge canal.
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Side s:ope cana::‐ It does not run
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