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1. lrrigation may be defined as the process of artificially supplying water to soil
for rising crops. lt is the field of engineerin 5t that controls the various natural
sources of water, by constructing dams, reservoirs, canals etc and distributing
the water to the agricultural fields.
2. Non recording type rain gautes.
Automatic rain gauges.

Non recording type rain gauge,:- Symon's riirin gauge is the most common one.
Automatic rain qauees.

Float type rain gauge

Weighing bucket rain gauge

Tipping bucket rain gauge
3. Fish ladder:- across the river if a dam is c()nstructed the passage is totally
blocked by the masonry wall hence the mofement of the fish is also obstructed,
The structure provided for the movement (,ithe fish from one side of the river
to the other side is called Igh hrelclCr. The fir h ladder is situated near the under
sluices where there is always some water irll the river section.
4. Surplus escaoe:- water is stored in a tanl( up to full tank level. The excess

water entering the tank during rains and flc,rds is disposed off by means of
surplus arrangements. They are either weinr or flush escapes.

5. When the canal bed level is higher than t ire bed level of the river, the cross

drainage work constructed is known as an arlueduct.

il. 1.

Part - B

Contour bunding contour tillin& contoLrr sowing

By trowlng trees which obstruct wind volocity.

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

Rotatlon of crops and mixed crops prev€rrt soil erosion.

Providing outlets to reduce the velocity 0f water.

Afforestation of catchment area.

2. Advantases and disadvantases.

All irrigation schemes are so designed that they ncrease the food production of the

country. Apart from this there are many advant;rges like-

lncrease in food oroductionr due to the controlkrd supply of water the yield is
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increased.

Protection from Iamine:- during the construction of irrigation works people gets

employment and thus get relief from famine arnd after that continuous water supply is

maintained during drought.

Cultivation of cash crops:- crops like sugarcan i , indigo, tobacco, cotton etc can be

cultivated.

Elimination of mixed croopingr mixed croppirrg has many disadvantages which may be

overcome by irrigation.

Addition to the wealth o, the countrv :- all irlillation projects bring some revenu€ to
the country. ln addition to the water tax, the f,umper crops produced makes country

self-sufficient in food requirements.

lmprovement in sround water storaqel due 1:,) constant seepage of water , the ground

water table is raised,

lncrease in prosoeriw of the oeople:- due to t he irrigation facility, the value of the land

is increased, due to the increase in yield, the ftrrmerc become prosperous and thereby

their living standard is increased.

Excess irrieation and unscientific use of irrigfltion water mav pive rise to the followinp

disadvantasesr

Breedine olaces for mosouitoesr due to exce: r; application ancl leakage of water, ponds

and depressions get filled up with water and (:.eate breeding places for mos(uitoes.

Water lopsinp:. due to over irrigation the ground water table rises and saturates the
crop root zone completely and whole area be,i;omes water logged.

Damp climater the area become damp and cold due to irrigation.
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4. The water which penetrates in the ground :rnd does not Join the runoff water, comes

under percolation losses. This loss mainly depends on the nature of the strata
underlying the surface soil and the sub-soil. lf t:he ground is of an impervious nature
and free from cracks and joinB, there will be no loss due to p€rcolation, But on the
other hand, if the rocks are permeable having ,:racks and faults, the percolation losses
will be more.
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5. Maiority of lndians depend upon agricultr,r.e, ln lndia weather conditions vary from
state to state, North lndian states are cooler whereas south lndian states are hotter.

There are two main crop seasons ih lndia.

Kharif seasonr this season starts from 1a wer:k of April and ends in the last week of
September. A mild rain is required during thE, last week of March to make the soil

loose for ploughing.

Rabi season- this season starts from the 1n,,rreek of October and ends in the last
week of March. A small intensity rainfall is nocessary during the last week of
September for ploughing the soil.

. 6,-@C49pp!!& if the water level in th. reservoir rises to such a height that it
flows over the top of the earth dam fai ure due to erosion takes place.

Sometimes if spillway capacity is insuffi,:ient or if the free board is insufficient or
if the foundation settles it may lead to r'ver topping.

. Wave erosion:. if the upstream slope i:; not protected properly, waves, rain and

wind may scoop out the earth and causl) erosion on the upstream side._ The

slope becomes steep due to erosion anrl slipping of the upper layers occur.

Toe erosionr -occur due to -erosion due to tilil water.

-erosion due to rross currents. lf the spillway or surplus
weir is too close to the earth dam the dischatging water may erode toe of the dam.

Gullvine:- due to heavy rainfall , gullies mar'1 be formed on the downstream slope
which is normally unprotected,

Z, River gauging or stream gauging is the pror;ess of measuring the river flow. lt is the
best method for measuring the runoff. The gituging of stream flow is required for
planning an irrigation project. The daily flow of a stream for a single season with
rainfall records will enable forecasting the rurrcff to a reasonable degree of accuracy.

Stream gauging involves measurement of di:t,:harge of river or canal and also the
depth of flow , the river water level or stage.

The floats are pieces of wood or hollow metitllic cylinders, or bottles partly filled with
water, coconuts and Palmyra fruits etc. AB is the starting line from which floats ar€
released for each compartment. As soon as tlte float passes in a particular
compartmentjust under the line AB, a stop lyatch is started. The observer walks
along the bank upto the line EF. The time tak:n for this movement is noted. Several

readings are taken and the average is noted. Ihe length divided by the time taken in
seconds gives the surface velocity. Since the tnean velocity is less than the surface
velocity, the surface velocity is multiplied by a factor 0.85 to get the mean velocity,

Part - C

Unit . I

lll. (a)

lndia is basically an agricultural country and all its resources depend on the output of
agriculture. So the necessity for irrigation in o " r country can be summarized as
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followsr

Less rainfall} When the total rainfall is less than the needed, artificial supply becomes

necessary,

lrrigation works may be constructed where mr)re water is available and conveyed to
the deficiency areas. Egr Rajasthan canal.

Non uniform rainfall:. The rainfall in a particr ar area may not be uniform overthe
crop period, Rain may be available during the sarly period of the crop, but may not be

available at the end. As a result, either the yicr d may be less or the crops may even die

altogether. Here the water is collected during the excess rainfall period and supplied

during the scanty periods.

Growinq a number of croos durins a vear:- Th: rainfall in an area may be sufficient to
raise only one type of crop during the rainy se rrson, ie, Kharif crops, for which no
irrigation may be required. However with the crovision of irrigtation facilities in that
area, crops can be raised in other seasons also, ie, Rabi crops.

Growine Perennial cropsr Perennial crops su ih as sugar cane which need water
throughout the year, can be raised only throup;h the provision of irrigation facilities in
the area.

Commercial crops with additional water:- Thrl rainfall in a particular area may be

sufficient to raise the usual crops, but more u,rrter may be necessary for raising

commercial and cash crops.

Controlled water supplvr By proper distribution ofwater, the yield ofthe crop may be

increased because of controlled supply of watr:r,

As Sri N D Gulati puts " lrrigation in many cou I tries is as old an art, -as old as

civilization - but for the whole world it is mocl,3rn science - the science of survival."

(b) Methods and svstem of irrisation:- flow i .rigation has low duty due to the
conveyance losses, while lift irrigation has high duty due to the command area of each
well is very near to it.

Mode of aoplvine water flood irrigation has less duty than furrow irrigation.

Tvoe of croor since the requirement of diffentnt crops vary duty also varies. Crop
requiring more water has less duty and vise vr:rsa, Duty for paddy is less than wheat.

RainfalF when there is rainfall water require(ll for the crop will be less and the duty is

high.

soil characteristicsr if the soil is coarce grainerl seepage and percolation losses will be
high, but in fine grained soils such losses will hre less, hence duty will be higher.

Base period of the crool if the base period of I he crop is more,, the amount of water
required will be high, hence duty will be more and vice versa.

Climatic conditions of the areai the climatic ct,nditions which affect duty are_
temperature, wind, humidity and rainfall. Du€ to high temperature evaporation losses
will be more and duty will be less. A humid att,trosphere reduces the losses.
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Qualitv of water} if harmful salts and alkali c0ntent in water isi more , more water has

to be applied so that the salts are leached off, which reduces duty.

Canal conditionsr if the canal is unlined the sr:epage and percolation losses will be high

resulting in low duty. But if the canal is lined the losses will be less and the duty will be

high.

lv. (a)

An irrigation engineer shoUld know about the
occurance,distribution and movement of watrt r on the earth. HYDROLOGY is the
science which deals with the occurrence, distribution and movement of water on the
earth, including that in the atmosphere and bl low the surface of the earth.

Hvdrological cvcle.
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Factors affectinq runoffr

Characteristics of the catchment area:. if the (:irtchment area is having hills and rocky
area, the seepage of water will be less and herrce the runoff will be more. Similarly if
the catchment area is having sandy and loose r;oilthe seepage losses are more and
runoff will be less,

Shaoe and size of the catchment area:. large cittchment area contributes more runoff.
lf the shape of the catchment area is of fern tlrpe, the runoff is less. lf it is fan shaped
catchment, the area is more and naturally the run off is more,

. Rainfall patternl if the intensity of rainfall is more the runoff will be more and vice
ve6a, lf the duration of rainfall is short, it will not produce any runoff because the
quantity of water fallen on the ground will be lust sufficient for absorption into the
soil.

Topoeraohv:-

The rate of runoff depends upon the topograf hy of the area. lI the area is having steep
slopes the rate of flow will be fast and more. ljl the area contains more pits and
depressions or flatter slopes the flowing water will be intercepted and the runoff will
be less.

vepetation in the catchment arear if the vegetation covers over a large area in the
catchment area, it will reduce seepage losses t:rus increasing the rate of runoff.
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Geoloeical features of the area:- if the area is rocky, hard, the runoff will be increased,

lf the area is having cracks, the ground losses ryill be more and the runoff gets reduced.

Meteoroloeical conditions:- runoff depends ot1 the temperature prevailing in the area.

The runoffwill be more if the ground is in a ssrixrated condition. lf the temperature is

high, runoff will be less because loss due to erraporation will be more.

Unit‐ ‖

v. (a)

Weir or anicut or barrape across the river! a ,lleir is a masonry structure constructed
across a river to raise the water level so that u,'ater from the river can be diverted into
the canal. Generally a weir is aligned at right angles to the direction ofthe flow of
water in the river.

o Scourins sluices or under slulcesr these at,ethe openings provided inthe body wall
of the weir generally at the bed level of the rir/er near the off take canal. lf there are
two off take canals on both the sides , scourinl; sluices are provided on both the sides
of the weir. They are usedto remove the slit rleposited inthe bed of the river and also
in front of regulator. The crest of sluice is keplt at lower level than the crest of the weir.
They are controlled by means of gates operatted from top,

o Flood banksl these are earthen banks prcuided on either side on upstream of the
river to prevent flood water entering the neigl,rboring areas and causing damage. Due
to the construction of a weir across the river tlrere will be rise in the maximum flood
level (MFL) which is called afflux.

Works constructed at the head of a canal taking off from a river for the supply of water
for irrigation purposes are known as head wo 1ks.

(b)
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. Bodv of the weirr the body wall is construt,:ted with masonry across the direction
of flow to raise the water rever on the upstrearn side. rt shourd be strong enough to
reslst the water pressure and the uplift pressur.e from beneath the foundations.

Aoron on the U/S side:- the lentth of the aprorr depends upon the discharge in the river
andthe wdrた ngth.The aprOn proteds the mirn body ofthe wdrfrom scOu‖

ng acJOn
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of the water.

Aoron on the D/S side:- the water falling over t he weir from a height gains kinetic
energy which will erode the D/S side of the ri!!:r. The apron tries to destroy the kinetic
energy, The length of the apron depends upon the height of the fall, nature of soil etc.
Normally the apron is extended up to that point where there is no erosion.

U/S curtain wall:- this is mainly provided to relluce the uplift pressure.

D/S curtain wall:- it protects the D/S floor frorn uplift pressure, This is also necessary
for keeping the exit gradients within the safe limits.

Cresti the top of the weir is known as crest. Tlhis must be sufficiently strong to resist
the excessive water pressure during floods.

Shuttersr the shutters are provided on the cr(rst of the weir to raise the water level of
the river on the U/S side and divert it into the,:anal.

(b)

Scouir when the natural water way of the riv r:r is contracted , the water may scour
the bed both at upstream and downstream oI the structure. The scour holes may
extend towards the structure damaging the fcrrndations if no remedial measures are
taken.

Remediesr

Providing piles at upstream and downstream rrnds ofthe impervious floor much below
the calculated scour level.

Providing sufficient thickness of apron and suir:able lengths both on the upstream side
and downstream sides , The stones of the apr,l n may settle in the scour holes.

Protective works like solid aprons and loose a tr,rons are to be provided along the length
of the creep.

Unit- lll

Vll. (a)

Following points should be considered while :iielecting site for reservoirs.

Should be selected in a narrow valley.

The bed should be impervious,

The site should have firm foundation.

The climate should be healthy.

Site should be accessible throughout the year.

The construction materials should be availabl(l at the site.

Site should have aesthetic beauty,

The site should be near to the irrigation area.
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(b)

Dead load:- it includes weight of the concrete 1rr masonry or both plus that of
appurtenances such as piers, gates and bridges.

Water oressure (Reservoir and tail water loadtiL:water pressure corresponding to full
reservoir level constitutes the major external f,i:rce acting on the dam. The water
pressure acts horizontally and the intensity varies triangularly with zero intensity at the
water surface and equal to WH'l/2 at the base , where W is the unit weight of water
(loookg/m'?) and H is the upstream water dep.th.

Wave pressurei the upper portion of the darn is subjected tothe impact o, waves,
which are produced in water surface during winds.

silt oressure} the silt which is deposited in th.r reservoir, causes horizontal and vertical
pressures depending upon the u/s face ofthe .lam.

Uollft oressure:- it ls the maior extemal fo,ce 6 cting upward due to seeping watea The
uplift forces occur as internal pressures in pones, crack and seams within the body of
the dam , at the contact surface between the r! am and its toundation and within the
foundation. The water seeping through the cracks , pores and fissures of the
foundation materials and the water seeping through the dam body and then to the
bottom and its foundation at the base, exert a,r uplift pressure on the base of the dam.
After water pressure , it is the second major erternal force on the dam. Thls force
virtually reduces the weight of the dam.

Earthouake forcesr during earthquakes the wirves arc produced which are capable of
shaking the earth upon which the dam is restirrg , in every possible dlrection,

lce oressurel at hlgh altitudes the water reser.roir gets covered with a sheet of ice. The
thickness of the ice sheet depends on the teml,erature of the area. The dam face has to
resist the thrust exerted by the expanding ice. This force acts along the length of the
dam at the water or the reservoir level.

vlll. (a)

o Reconnaissance survev :- it is general surv*y carried out vi:;ually to examine the
feasibility of the project, topographical featurr s of the area, p,ssible sites for locating
dam, submergence of land, rehabilitation prohlems and environmental aspects.

Preliminarv survev :- it aims at obtaining suffir:ient details to establish merits and
demerits of various sites , the most economicarl dam site, tentative cost and the
benefits.

Final survev :- it is conducted in respect of the finally selected site to collect more
precise data for detailed designs and precise er;timates of the construction costs, The
dam site topographical survey plan to cover ar1 area sufficient to accommodate all
possible arrangements of the dam, spillway, outlet works, and diversion works etc.

(b)

soillwavsr a spillway is the overflow portion irr the body wall ofthe dam overwhich
surplus discharge above FRL frows from the reriervoir to the downstream side without



affecting the stability of the dam.

Spillway can be provided i

-in the body of the dam

-at one end of the dam

Away from the body of the dam independentll'

Saturation Eradient:. any earth bank against uuhich water stands gradually gets
saturated even impermeable soils are used. The water percolates through the bank
from the upstream side and slopes downwardri touching the downstream face. This

This saturated line is a line of demarcation be.tween saturated soil and unsaturated soil
in the dam section. The gradient is taken as I in 4 for all practical purposes,

Unit - V

lx. (a)

. Based on nature of source of suoDlv

Permanent canalsr when water flows througr the canars throughout the year they are
known as permanent canals or perenniar canE is. The source ofthese canars is perenniar
rivers. These canals are closed only for repair lvorks.

lnundation canars:- the canars which run onry rbr particurar periods during which water
level remains above the specified level are kn'wn as inundation canals or barsati
canals. Water is drawn by providing open cutli in the river bank. The flow in these
canals can only be available when the water lIvel in the river is above the bed levelof
the cut provided in the bank.

(b)

canal lininpr can be defined as providing an ir"rpervious rayer either of concrete or
asphalt to the bed and sides of the canal to control the seepage losses,

Advantases:-

- Water can be allowed to flow at hi8her velocities.

- Maintenance cost of the canal is redur:ed.

- The erosion of bed and sides is reduceC.

- lt checks growth of weeds in the canals.

- lt helps to prevent canal breaches.

X・ (a)
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Suoer oassaper is similar to an aqueduct but the only difference is that the drain

f::::::i.n: "anat 
without towering the berrl of the canat. The Fsr. of the canal is―  ● ‐ ●●●‐ψl■ ::0し ●‖●::slowerthan underside ofthe trOugh carry:ngct・

ainage water.Thus the canal water runs



under gravity.

Aoueduct:- the high flood level of the drain is rnuch below the bottom of the canat

trough. The drainage water flows freely under 3ravity. ln this case sufficient tevel
difference is available between the canal bed r;rnd the natural drainage bed to allow
sufficient height of vent way for the water wa'y to pass flood discharge. This is the usual
type of work constructed when the drain is very big in comparison to the section of the
canal.

(b)

Berm:- it is the horizontal distance left at grourrd leve! between top edge of the cutting
and inner toe of the embankment. A best benrr is one which remains at FSL or slightly
above it. The width of the berm is generally fi;,red as 0.6m + l/awidth of combined side
slopes of cutting and embankment.

Advantaees of berms:-

- Berms protect the banks against brear:hes

- Berms can be used as inspection patht;

- Berms provide space for future increase in width of the canal.

- Seepage losses are reduced as the silt r;tarts covering the berms as the channel
attains regime.
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