Chapter-1
HYDROSTATICS

Hydrostatic is that branch of science which relating to fluids st rest or 1o the pressures
they exert or transimidt Hydrostatic Pressure,

Fluid:=

Fluld is a substance thit contimuously deforms (Nows ) wnder an applbed shear stress, Flulds are a
subset of e plase of matter and nelude Bguids, gases, plasmas and. 10 some extent, plastie solids.
Fluids can be defined as substances which have sero shear modulus or in simpler terms o fluid is
i substance which cannot resist any shear force applied (o i

2 Fluid is a substance which is capable of fowing
2 Conform the shape of the containing vessel
< Deform continuously under applicatson of small shear force

L1 PROPERTIES OF FLUID:-
Diensity:-

The density of a fuid, is generally designated by the Greek symibol PThoks gefined as the mass
of the Mukd over a unil volume of the Muid at stndard wemperasiure and pressure. I s expressed in
the 81 system as kg,

A dmi
p=Hm—=—
AV dV

IF the: Muid is assumed 1o be uniformiy dense the formula may be simplified as:
B
¥

Example: - sething of fine particles at the bottom of the contamser.

Specific Weight:-

The specific weight of a Muid is designated by the Greek syvmbol T{gamma), and is generally
defined as the weight per unit vedume of the Muid st standard temperature and pressure, In 51
systems the units is N/m’,



A=p*g

£ = local poceleration of grovity and p = density
Note: It = customary o use:

g=32174 Its’ =981 mi

g = 1000 kg'm’

Rebntive Densdty (Specilic Gravity j:-

The relative density of any fluid 15 defined as the ot of the deasity of that fuid o the density of
the seandard fluid. For liquids we take water as a stnndard Muld with density p= 1000 kp'm”. For
gases we take air or O as o standard Muid with density, p=1.293 kg/m’,

specific volume:-

Specific volome s defined as the volume per unlt mass. 11 s jost reciprocal of mass density. 1t is
expressed in m'kg.

Viscosity:-

Viscosily (represented by p, Greek letter mu) 2 a matenial property, umgue bo (huids, that measures
the Mud's ressstance o ow, Thowgh o propeny of the Buwid, us effect 15 understood only whien the
fluid 15 im motion. When different elements mave with different velocities, each element tres fo

drug s seighboring elements along with o, Thus, shear stress oocurs between fuid elements of
different velocities,

Viscosity 1% the property of houid which destroves the relative motion between the layers of Mkl
2 It is the intermal friction which couses resistance 1o fow,
2 Visoosity bs the property which comired the mibe of flow of Boukd
Viscosity is due 10 two Metors-

a) Cobesson between the ligusd awslecules.
by Transfer of momestum between the molecules,
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Fig 1.1

The: relationship between the shear siress and the velocity field wos that the shear siresses ang
directly proportional to the sebcity gradient, The constunt of proportionality is called the
cocflicient of dynamic viscossty.

-

P
M By
UNIT O YISCOSITY
% In mks system unit of viscosity is kgf-sec'm?
& In cgs system unil of viscosity s dyne-sec/on’
@ In 5.0 system unit of viscosity is Newton-sec/m’
Kincmatic viscosity:-

Anoiher coelhement, known as the Xnematie viscosity (4, Greek o) s defined as the otk of
dhynmmic viscosity snd density,

Let, b= ufp = viscosity/density

I miks & 5.1 sysiem unit of kinemastic viscosity iv meter’/sec
In cps systerm umit of kinematic viscosity is stoke,
SURFACE TENSION:-

Surface wension is defined as the tensile force acting on the surface of o liguid in contact with o gos
or on the surface between two immiscible liguids soch that the contact surface behaves like a
membrane under tenskon. The magnitude of this force per unit length of the free surface will have
the sume value s the sarface energy per unit area, 11 s denoted by Greek letier sigmini ). In MKS
s, 1 1 expresaed us kglim while in 51 unit s Nim,



It = also defined us force per unit kength, or of energy per unit aren. The two zre oquivident—ba
when refering 1o energy per anit of aren, people use the term surlace energy—which 5 o mare
general wrm in the sense that it applies #lso to solids and ot jost Dgusds.

Capillariiy:-

Capatlarity is defimesd as a phenomenon ol rise or fall of & Hguid surface in o small ube relative o
the adjacent general level of ligquid when the mbe bs held vertically in the Bguid. The rise of Lguid
surface ks knpown os capillary rise whike the fall of the Liguid surface B known as capillary
depression. It s expressed m ferms of omoor mm o hguid. Tes value depends dpon the specific
weight of the liguid, diameter of the tube und surface tension of the liquil

1.2 Presure and iy messurement:-
INTENSITY OF PRESSURE:-

Imtensity of pressure is delined as pormal fonce exerted by Tluid at any point per unit area. 1 s also
culled spealfic pressure or hydrostatic pressung

F=didla

@ If intensity of pressare s uniform over an area “A" then pressure force exenad by fluad
eqqual o

Mathematically F=PA

2 I infensity of pressare is mot uniform or vary poind @ point then pressure foroe exerted by
fheid exgual o integration of P*A

Mathematically F=[ PA
¢ Unit of pressure
= INm =] Pascal
= IKN/m’= 1 kil Pascal
v Kilo Pascal= Tkpa = 10¥ Pascal
= | bar = 10" Paseal = 10° Niw?

Faseal’s law:-

It stmtes that the pressure or density Of pressore ot & poinl o g statee Nusd s equal in all direction.



Atmospheric Pressure: -

The atmosphenc air exerts a pormal pressure apon ol surface with which i 18 i contact and ot s
called ptmosphenc pressure. 11 s also called parametric pressure.

Almospheric pressare of the sea level 1s called standard atmospheric pressurne,
S.AP= 1013 KNn® = 1003 kpa = 10.3m of Ha0

= T6lk mm of Hg

=10,3 {udlld bar
Gange pressure:-

It ks the pressure which measore with belp of pressure measunng device in which almospheric
pressure tnken o datam.

The stmaspheric pressuare on scale s moarked ns zeon.

Ahbsolute pressure:-

Ay pressure messoase shove sheolute rero pressune is called absolute pressure.
Vircuum pressare:-

Yocuum pressure 15 defined as the pressore below the aimospheric pressere

RELATIONSHIF BETWEEN ABSOLUTE PRESSURE, GAUGE PRESSURE, VACUTM
PRESSURE:-

. =0 = Absolate vacuum



& Eauations
Poage = Pute = Pam | EMEe pressum
FPos = Pag— Pan | VECUNI pressure

Pav=Pan + J-.‘,... |abaohite ;mﬁm _

< Nomenclatare
F:t-_ |nhﬁ;[u:|: pn:f-;r:_
P gige pressure
Pra | Vauum pressure
Pun |tmospheric pressue
Pressure Hewd:-

pressure head is the ieninl energy of a flukd dee 10 the pressare exerted on ifs contoiner. 11 may
also be colled statle pressure bead or simply statie ead (bul not stathe head pressare). 18 is

mathemutically expressed as

o o
roo
where
V' i pressure hend {Length, typically in units &f m;
I i Muid pressure (loree per unit aoen, often ax Pa anitsd; and
T i the specific weight {force per unit volime, typically Nim' units)
P is the density of the fluid (nass per unit volume, typically kg'm')
4 i pogeleration due to grvity (rae of change of velocity, given in mis®)
If intensity of pressore express in terms of beight of lguid column, which conses pressure is also
culled pressure beil.
Mathematically, k= P
Pressure Gauges 1-
The pressure of & Mukd s measured by the following devices:-
l. nPiamdceiiors

2 mechonscnl gauges



Munometers:-Manomesers are defined as the devices used for meisuring the pressure of & point
in b fluid by balancing the column of Med by the same or amsther column of the Mod. They are
classafied as:

a) Simgde manoaseiers
b} Differemial imonormeter

Mechankcal gauges:-mechanical gauges are defined as the devices wsed for messoring the
pressure by bolancing the {ludd columm by the spring or desd weight. The commonly wsed
mechanical ganges ane:-

) Diaphmgm pressun: gauge

b} Bourdon tube pressure gage

¢)  Dead werght prossure gnuge

d} Bellows pressure gaupe
LAIFPRESSURE EXERTED ON IMMERSED SURFAUE:-
Hydrostiatic forces on surfices: -

Hyvdbrstatic means the sudy of pressure exerted by a ligquad ot rest. The direction of such pressune
15 always perpendscular 1o the surfuce o which it acts.

Forces on Submerged Surfaces in Static Fladds
These are the following Teatures of statics hids;-

«  Hydroststc vertical pressure distribotion

+  Pressures af any egual depehs in o contineas (Toid are aqual

o  Pressure o a point acts égqually in ol directions (Paseol's law ).

o Foroe from & Muid on o oundary acts of cight angles w that sundury .

Fluid pressure on a surface:-

Pressure is defined as force per wnit area. IF o pressure p octs on s small ares 44 then the force
excried on that area will be

F = pi



TOTAL PRESSURE:-

Tesnl pressune B delined as the force exened by o static flud on a surface when the huid comes in
contact with the surface.

Muthematically total pressure,
FPepuiy i+ i

Where,

s i, o, pa = Indensitses of pressure on different strips of the serface, and
= iy, i3, 81 = Areas of comesponding sirlps,

The: position of an immersed sarface may be,
«  Horzontl
o Vertical
o Inchined

Total Pressure €9n A Horizontul Immersed Surface
Consider o plane horveontal surface immenied i a liquid os shown in figure |,

L ] Erlare

HH-*-**&H**—*-‘L--&-H*H-&'-
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Fig. 1.3

o = Specific weight of the Iguid
o A=Amrea of the immersed surface in o
ey = Depth of the homzontal surface from the housd kevel in nicters

We kmow that the Total pressure on tee surface.,

P = Weight of the liguid above the immersed sarfsce



= Specific weight of hgusd * Yolume of liguid
= Specific weight of Hgusd * Arcn of surfsce * Depth of liguid
= o ki

Total Pressure On A Vertically Immersed Surface
Consider o plane vertical surface immersed in a laguid shown in figure 2,

Fg. |4
Let the whaole immersed surface i divides) into & number of small parallel sinipes s shown in
frgure,
Here,

= = Specific weight of the Figuid
# A = Total aren of the immersed surface
o r= Depthof the center of gravity of the immersed surface from the lkpuid surface
MNow, consider o stnip of thickness dy, widih & and at o depth x from the free surface of the lguicd.
The ivtensity of pressure an the stnp = aky
wnd the wren of strip =buadr
Pressure on the strip = Entensity of pressure * Aren = oy haly

Now, Totul pressure on the surface,

P-IH':J!'.I':.



= w| by
B, wf:MF Mument of the surface arca about the liguid level = AR

Mol =y
L4 FLOTATION AND BUOYANCY -
Archimedes Principle:-

Archimedes” principle indicotes that the opward booysmt force that is exeried on a body immersed
in & Muid, whether fully or partially submerged, is egqual 1o the weight of the Muid that the bty
displaces. Archimedes' principle is a laow of physics fundwmental o Nuid mechamcs. Archimedes
of Syracuse formwluted this prnciple, which bears his name.

Bunyamcy:-

Whets o body 15 smmersed in o Medd an epward foree 18 exerted by the Muid on the body. This is
upward force is egual o weight of the fluid displaced by the body and s called the force of

buoyancy or simple baoyuncy.
Centre of pressare:-

The cemter of pressure is the point whese the total sum of o preéssare feld scts on a body, cansing
o foree 1o act through that point, The total foree vechor acting af the center of pressure s the vidue
of the integruied pressure field. The resublant force and center of pressure location produce
equivalent force and moment on the body as the origiaal pressiere field. Pressure fields ocour in
both static and dynamsc Muid mechames, Specfication of the cener of pressure, the reference
point from which the conter of pressure is referenced, and the associnted force vector allows the
momen generaed about any point to be compated by o ranslation from the reference poing 1o the
desired new point. 1t is comman Tor the center of pressure 1o be localed on the body, et in Muid

Mows it s possthle for the pressune fickd 10 exen a moment on the body of such magnitade that the
center of pressure i located outade the body.

Center of buoyviney:-

It is define as the point through which the force of buoyamcy s supposed 10 act. As the force of
buswyancy is n vertical force and is exqual to the weight of the Auid displaced by the body, the cemer
of buoyancy will be the center of gravity of the Muid displacel.

METACENTER:-

The metacentric height (GM) 15 0 measurement of the manal static stability of a Mealing body. B
i calculmed as the distance between the centre of gravity of o ship and its metcenire. A larger
medaceniric beaght implies greater inttial stobalbiny against overmuemimg. Metaceniric height also hos
implication on the mumnl period of rolling of o bull, with very birge metacentric heights being



associated with shorer periods of mll which are wncomfortable for pussengens. Hence, @

sullictently high but not excessively high metacentric height s considered bdeal For passenger
ships.

Fig. |.5

The metacentre can be cibrulbated using the fonmislae:

KM =K+ 86
i

i_!
Metacentric height:-
The distonce between the mets-cenier of a Mouting body and o center of gravity of the body is
called metaceniric herght,
MO =BM-BG
MG=I'V-BG
Sinbility of o submerged hody:-
Stuble condition:-
% For ssable condition w = L and the point “B™ above the OG of the body.
U'nsinbde equeilibsrivm;-
% For unstable equilitwium w = fiand the poant B s bedow the C0 of the body,
Neutral equilibrim:-
< I the force of buovancy is act as 06 of the bady,
Stnbility of a Oouting baody:-
2 For stable condition w = fi and the mieta centre “m ' is about the OG of the body.
% For unstable equilibrium w = fi and the metacentre “m " is below CC of the body,
% [In neutral equilibrium w = f and metacentre “m™ is ncting ol CG of the body.



Chapier-11
KINEMATICS OF FLUID FLOW

2.1 Basic equution of Muid Now and their application:-

Energy of a Liguid in Motion:-

The EHergy. in gencral, may be defined & ihe copocity 10 do work., Though the energy exits in
many forms, vet the following ane important from the subject point of view:

| Potential energy,

4. Kinetic energy, and

1. Pressure cnergy.

Potential Evergy of & Liguid Particle in Motion:-

I s energy possessed by o Tupid particle by virtue of its position. 17 a lguid particle s 2 m
above the horizontal datum (arbitranly chosen), the pofential energy of the particle will
be & metre-kKilogrnm  (boefly writien e mkg) per kg of the liguicl. The potential head of the
liguicl. at

poant, will be £ metres of the lauid,

Kinetic Energy of a Liguid Particle in Motion:-

I is the ehergy, possessed by a ligued particle, by virtoe of i motion o vebocity, 17 a liguad
particle s flowing with o mean velocity of v metres per secomd; then the Kipetic energy  of the
particle will be V22 mkg per kg of the lguid. Velocity hesd of the liguid. st thm velocine, will
be Vi2p metres of the bguid

Pressure Energy of o Liquid Particle in Motion:-
It is the energy, possessed by n liguid particle, by virtue of i existing pressure. I o Bouosd
particle s under a pressare of p kN/m2 (e, KPa), then the pressure energy of the particle-will

ba £ mkg per kg of the lkguid, where w s the specilic welght of the Hogusd, Pressore  head
i

wof the Tguid

uncler that pressure will he ;E metres of the liguid,

Total Energy of a Liguid Particle in Motion:-
The todal energy of o hguid, in moton. s the sum of its potentind encrgy, kKinetic energy  and
pressure energy, Mathematically total energy,
E=2+V2e + ki m ol Llguid.

i
Total Head of & Liguid Partbcle  in Motbom:-
The total bewd of a lpuod particle, in motion, = the sum of 08 potential head, Kinetic hesd and
pressure e, Mathematscally,  wal head,

#=Z+vV2% + Lmalliquid,
L1



Example

Water is Mowing through o tapered pipe having end dinmetess of 150 mm and 50 o
respectively.  Find the discharpe of the larger end and velocity  head af the smalker end, if the
velocity of water ot the larger end s 2 pv's. Sobuson,  Cilven: ;= [Mimm = 0=15 m ; di= 50
o= 0o05 m and V) = 2«5 m's, Discharge ot the larger end We know that the cross-sectionnl  nren
il the pipe at the larger end,

= E-:u.mz: 17.67% 10r'm’

and discharge st the larger end,

Qs =mwp = (176N 25 = 422 10* m'w

= dd. e Ans.

Vebocity head at the smaller end

We ndso know that the cross-sectionnl  ares of the pipe al the smaller end,

Age %uw.mz = 1.964% 10 'm?

Since the discharge through the pipe 15 continsous,  therefore
iy = Ry

or. ¥l= % = (1767 x 10) £ 2501964 x 16 = 22.5 mix

- Welocity beod at the smaller end
VA Zeef 22502 0 081 =258 m Am

Bernonlli’s Equation:-
It stites, “For aperfiect inconspressible houis, Mowing tno continuous streamy, the wotal | 3nergy.
of o particle remains. the ssme,  while the panticle moves from one point o snother,”  This
sttemient 13 based on the assumption  that there are no “losses  dise 1o fichon in the pipe,
Muathemunically,
7+ V22 + £ - Constant
',
where
£ = Potental encrgy,
Vg =Kinetic encrgy. and
£ = Pressure onergy
L
Proof
Consider & perfect incompressible  Tiguid, Mowing through o non-aniform pipe as shown in
Fig-



Fig. 2.1

Lot us consider pwo sections AA snd BB of the pipe. Now let us assume thit the pape is
runming full and there 18 & coatinuity of Now between the two sections,

Let

£i = Height of AA above the datam,

Pi= Pressure af AA,

Wi = Yelochy of louad st an,

Ay = Cross-sectional  area of the pipe ot AA, and

LaPo Vo= Comesponding  values at BB,

Let the hguid between the two sections AA and BE move 1o A" A" and B B throogh  very small
lengths dlj anad di; us shown in Fig. This movement of the liguid between AA and BB 15 equivalent
to the movement 'of the lguid beoween AA ond A° A" o BB and B' B, the remaining  Fguid
between A° A" and BB being uneflecied.

Let W be the welght of the Hgud between AA and A' A’ Since the Now w contimuoous,  (herelore
We wadli = waxdls

113
o iy xdly= — kil
W
Similarly I:nlll::E
"
f#ap .dly = mdls L)

We know that work done by pressure at AA, in moving the liguid 1o A'A

= Force & Distance = Po. o, dl;

Simibarly, work cone by pressure of BB, in mwoving the Houkd o B 1B

=-P ikl

wdMinus sign is taken as the direction of Pr 15 opposie o that of P

. Todnl work dope by the pressare

= Maldly- Paasdls

=Pl dlj-pas bl sl g=aadis)

T

=l (Fy- P3) = s (P - P mdl = 1-'l'-J.
L. *H
Loss of polesinl energy W (Zi-#)



and spwin in kinetic energy =WV 2g04 V2= -;il;\-z"-v.*:
B

We know that Joss of potentind epergy + Work done by pressure
= Claki i kKinellc energy

. LT
& WiZi-Eal = (Pi- Pg} ==—{¥"¥)")
W IH'

(L2 prw Hprwizvy2g-vi~2g
Or & + v’ 2g+ (pu'wi=Fet v 2g+Hpr'w)
which proves the Bemoulli's  equation.

Evler's Equation For Motion

The "Euler's eguation  for steady low of an ideal flosd along o streamline 18 based on the
Newtons Second Law of Motion. The mtegration of the equation gives Hernoulli’s - equatkon
in the form of energy  per unil weight of the Mowing  Mhad, It s based on the Tollewang
ATRSTITATA RO

I, The fMuid ks non-viscous (i.e., the frctional Josses re zemo),

2, The Muaid s homogencows  ond incompeessible  {Le., mass deasity of the Moid is constant),
3, The Mow is continuoias, steady and slong the strsamdine,

4. The velocity of flow s uniform over the section.

5. Moenergy or force [except gravity amd pressare forces) s imvolved i the flow,
Consider o steady’ flow of an ideal (luid abong o streamline.  Now consider o small element
AB of the flowing fluid o= shown in Fig.

Lt

dA = Cross-secuonal  aren of the Muid - e¢lement,

ds = Length of the Muid element,

dW =Weight of the fluid 5!1ement,

F = Pressure on the clement at A,

p+dp = Pressure on the clement st B, und

v = Velocity of the Mukd element,

We know that the external lforees tendirg 10 secelerise  the Moad
element i the direction af the streamline

= pe dA - (p +dp)dA

= ipdA

W also know that the weight of the fluid elemon,

dW = P g dA  ds

From the geometry of the Ggure, we find that the comporent of the weaght of the flud element
i thee direction ol low

= = Fg-d.ﬁ..lh.i;-lh'

dz dg
= . P g.dA . dsTE) e s
= - P g, dA, dz

& TRSS -ulf Phe fTuid element — p AAds
e see that the acceleration of the Auid element



o

gt ds dt ds

MNow, as per Mewtons  Second Law of Motion, we knaw that
Force = Mass 1 Acceleration

dv
L—-tr.dm-:Fg.ua.dz-z-n.uﬁ..uu'ﬁ
P
T— ﬂ= a.d
p THEE=TAE ddividing both side by -
pdA
ap =
ﬂrp+g-.n‘:+#..:lr_#

This s the required  Buler's equation for mation and is in the form of a differentind  equabion
Integrating the above equation, '
EI#-}T_.,H’J # | v.dvy = conrfani

Py
P ety a=oomamnt
; = Wit + Wy 2g=constant
w e L4 v 2 gscunstant {Dividing by w)
r Pl
or in other words, w +Zi4{vi"2gl= W +Zpevii2g)
which proves the Bernoullis  equation,

Limitations  of Bernoulli's Equation:-
The Bermnoulhs  theorem or Bemoollis  equation has been denved on cortain assumptions,
which mre rarcly possible. Thus the Bermowillis  theorem has the following  limitations:

I The Bemoulli's  equation has been decived under the assumption that the velouty of
every liquad particle, acrosa  any coss-section of a ppe, is uniform, B, in acual
proctice, i s not so, The velocity of Tguid particle i the centre of o pipe s maxinmm
und graduatly decrenses  towands the walls of the pipe due to the pipe foction, Thus,
while wsing the Bermouslli's  oguation, only the mean vebociny of the Howid showld e
taken indo sccounl.
The Bernoulll's aquaton hos been dertved wnder e assumpion  th so exwemal fonce,
excepd the gravity force, is acting o0 the bguid. But, 10 aciual practice, it is ool so. There
ure always s external forces (such as pipe fnction etc, ) acting on the likpidd, which
effect the Now of the bguid. Thus, while using the Bernouollis equation, all such externnl
forces shoukl be neglected. But, ifsorne  enengy is supplied to, or, extroctesd  from the
fhow, the same should also be wken inio account,
3. The Bernoulll's  equatson has been denved, under the assumption that these 5. no loss
of energy of the liguld particle while Mowing. But, o sctual practice, - is rarely so,
In & turbilent Mlow, some kinetic energy 15 converted into beat energy, And in 8 viscous
fhow, some encrgy is lost dee o shear forces. Thus, while using Bemaulli's  equntion,
all such kwses should be neglecied.

d. I the licusd is flowing in o curved path. the energy due (o centrifugal force should ko
b tuken inlo secount.

I



Example
The: dimmeeter of a pipe changes from 200 mm ot & secton 5 metres-obove datum = 10 50 mm o
asecthon 3 metres above datum, The pressure of water al first section s 500 kPa, If the vebochy
of fow ot the firs secton is | mds, detesmane the intensity. of pressone ot the second  section.
Solion.'Gi~en: =2 mm =02 m L=5md2 =50mm =005 m & =2Im p=50
kPa = SO0 KN/mQ and Vi = | mis,
Let

V: = Velociy of Mow at section 2, nnid
.
Pr= Pressure of section 2. We know that aren of the pipe ot section | n=4% x5z =31 42X (¥
T’

w
und arez of pipe ot saction 2 2=F ~ M 1y gen 110

."iirmr.Lth: discharge through the pipe is contimeous therefore 0y, ¥ = & Vs
al.vl

Vaz a2 =f(31.42% 10 % 1 | | oas= 10 Ao 16m

Fig. 2.3
Applving Hermoulli's equation for bath the ends of the pipe,

v v g (puwiETas v g eipa'w) -
SelF2x 981 ) 45009 81 =34+ 16)°2X9.51 + T
P2 =401 98] =392.4 kNm® = 3924 kPu  Ans

practical  Applications of Bernoulli's  Equalion

The Bemnoulli's  theorem or Bemmoulli's equation o the baske equation which has the widest
applications o Hydraohics ond Applied Hydroulics. Since this equation s opplicd for the
denvation

Jof many formidae, terefone s clear underviznding s very essential.  Though the Bermoullis
equation has o number of practical applications.  yet in this chapier we shall  discusy s
apphcations  on the following ‘hydraulic devices

. Ventir meter.

2. Onfice meter.

1. Piiot wibe.

Venturimeter




Fig. 2.4

A venturl meter s on apparsius For finding out the dischasge of a liguid flowing in o pipe.
A- ventung meter, in its simplest Torm, consists ol the fallowing three ports:

(o) Comvergent cone

(b} Throat.

(eh Divergenl cone.

() Convergenl oidie

It is o shant pipe which converges froan & chameter dg (chnmeter  of the pipe. in which the
venture meter is fitted) o smaller dinmeter de The convergent cone 8 b known ax inlet
of the venturt mefer.  The sbope of the converging sides is between | in4 or | in 5 e shown
Fig.

iby Thresat

It ks oosmaldl portion of circulor pape i which the diameder & s kepl constant as shivwn in Fg.
ie) Divergenl cone

It is a pipe, which diverges from a dumeter ds to a lige diameter ;. The divergenl cone s
alse known s outbel of the venture meter. The length of the divergent cone is aboul 3 1o 4 times
thuen tht of the convergent cone us shown in Fig.

A Hitle comnsideration will show that the Tgusd, while Mowing through the venture meter,
is acoelersted  between the sections | and 2 (e, while (lowing through the convergent cone).
As a result of the sccelerstion,  the velockty of bgoidd ag section 2 (e, ot the throst) becomes
higher than thut al section 1. This increase in velocity  resules in conskderably  decreasing  the
pressure b section 21 fthe pressare head of the throat fulls bedow the sepurution head (which is
25 metres of water), then there will be o lendency of sepamtion of the hquid fow, In order 0
avoid the endency of separatson  al theoat, there is always a fioved mtso of the diameter of throa
and the pipe (ie., defdi). This ratio vanes from 14 10 34, bat the most suitabile vadue s 13 w

Py R

The Ligquid, whike flowing through the venture meter, is deceleraed (e, retorded) between
the sections 2 and 3 {Le., while flowing through the divergent cone). As a resulf of this
returclation,  the velocity of liguid decresses  which, consequently, mcresses the pressune. I
the pressure by rapidly recovered, then there 1s every possibility for the stream of heguid 1o break
away from the walls of the metre doe to boundary  lover effects, In order o avoad the tesdency
of breaking away the stream of liguid, the divergent cone 5 made sufficiently  longer, Another
reason for miking the divergent cone longer |5 0 minkmise the ficticnn] losses. Due to these
reasons, the divergent cone ks 3 o 4 timed longer than convergent come us shown in Fig.

Discharge through a Ventur meter



Comsider a venture meter through which some bguid is lowing as shown in Fig.

i oy -
[ o
— —

Fig. 2.5
Lei
P = Pressure ol section |,

¥i = Velocity of water at secton |,

£ = Dnbustn head st secticn 1,

o= Ares of the venduri meter at section 1, and

paveinay = Corresponding  vales at section 2,

Applving Bemoullls eguation af sections | amd 2. Le

Zi+ v 2g+ IpywiEErs v 2pHpy'w) —
Lot s puss our datum line throwgh the axis of the  vemure meter as shown in Fig,
MNow £i=0 and Fa=10)

2 w7 2gr ipdwis v g Hipe'w)

Or {piwiel paiwi= vr'2g- v 2y RRREINE, s
Since the dischorge s sectons | end 2 15 cominuous, therefone

Yizmvang (agvy=agva)

Vit vennrnkd)
Substitting the above value of v in equation (2),

M_p
W w = 2g-(an i X vl 2

= w2 -y )= v 2 (ay P-an” )

p pa
We know thot w ~ w is the difference berween the pressure heads s sections 1 and 2 wien the

pipe is hocizontal, this difference represents the ventun bead and is denoted by h

Or b= v 2gliasny’ v
Cir ﬁ;%llh[m'ﬂ.ﬂj}an:l]

& = 2R T ()
We know thut the discharge throagh a vemtare meter,



0 = Coefficient of ventun meter x ag vy

=C apva=fCrima ¥ (a0 %  29h

Exuample

A venture mefer with o 150 mm dieoseter at mlet and 10 mm o throat is,load with is axes
horizontal and bs used for messuring  the Dow  of oil specific gravity 0.9, The ail-mercury
differential manometer shows a gouge difference o200 mm, Assume coefficient of the metre
as (09 Calculate the dischurge in litres per minsite.

Solutkon, Given: dp = 150 mm = 008 m do = 100 mm = 000 me Specific gravity of oll = (09
h= XM man = 0.2 moof mercery asd C = 0,98,

W-:r:-:nnw that the area st inlet,
0y=d N OIS 3 e e 10

nnd the area ut thioot,

., 8
ao=t 03 g gea 10!

W also know  thiat the difference of pressore head,
H=00.2( | 3.6-0,940.9)=2 82 m of oil

undd the dischirge through the venturi meder,
Q= [CayaaV (0™ % 28h

=639 X 10 m' =63 90ws. Ans.

Girifice Metre

Anonfice metre s osed o measere the discharge ina pipe. An onfice metre, in s simplest
Parmy, consists ol & plale having @ sharp edged circular hole knowny s an onfbce. This plate 15
Fixesd insicle @ pape as shown m Fig. © A mercury manometer s inserted o0 know  the
differénce

of pressures between the pipe an? the theoat (Le,, orifice). E
Let _— - —

h = Resiing of the mercury minometer,
Pi = Pressure o indet,
Yy = Velocity of liguid at inlet,
ny = Aren of pipe at inlet, and
Prvyae= Corespomding  vilises

at the throa. Fig. 2.6

Now applying Bernoulli's equation for inlet of the pipe and the throsi,
Fi+ vif 2+ (pywi=Fas v 2g+ipa'w) L
[m/wi-prwi=ve2g-vi" 2g

Or b= ve'2g-vi'2g=12plvs v %) RO L.



Since the discharge is continuous, therefore A% = av;

Visaim X vi of vi'=m¥in? X vy

Subsuning the above value of vi¥ in equation (i)

h= L2givi ' X vil)= vili2p X (- m¥in )=ve 2gling - vy
& wet= Ighjad i tast) | or ves ¥ 2phina ¥ g aet]

We know that the discharge,

0 = Coefficient of orifice metre & 4z . V)

={Caas ¥ 1% o 200

Example. An orillce metre consisting of 100 mm dumeter onifice oo 2530 mm diameter pipe
has coefficient equal to 0=65, The pipe defivers ol (sp. gr. 0=8). The pressare difference on the
two sides of the orifice plate = messured by o mercory  oal differential - inono meter. lithe
differential gouge reads B0 mom of mercury, calculote the rate of fhow in litresls.

Solutbon. Given:  dz = 100 mm =00 m:d; = 250 mm = 0.25 m; C = 063 ; Specific gravity
of otl = 0.8 and h = (L8 m of meercury.

We know thit the area of pipe,

4
=8 % 025 1o nox 0wt

and pren of throot

n_aﬂi X013 o gsax !

We also know that the pressure dilTerence,
h= 08[(13.60808)=128 m of oil

and rmie of flow,

Q=(Cma T (aar )% ¥ 280

=82 % 107 m'n=B2 livs. Aok

Pitadt Tube,

A Pitol tube 15 an instrument 1o determing the velocity of Now at e requiresd poend in & pipe or
a stream. Do its simplest form, a pited tube consists of a glass tube bent a threugh 90 as shown
in Fig.

The lower end of the tube faces the direction of the flow as shown in Fig. The Tguid rises op in
thie tube e fo Oee prossure exerted by the owdng hguid. By measurng the fse of gl 16 the
tbe, we can (i out the velocity of the hguid fow,

Let b = Height of the ligusd in the pitt tube above the surfuce,




Fig. 2.7

H= Depth of mbe inthe lguid, and

v= Velocity of the lapud,

Applying  Hemoulli's  eqoation  for the sectoans 1 amd 2,
H=v'2g=H+h k=t
h=v"12g

Y \E}gh

Exumple .

A plood tube was inserted inoa pipe o measale the velochty of water in i 1
wiiber rises the twbe is 200 mm, find the vedocity of water.

Aolutron. Grven: b= 200 mm =02 m,

We kiow that the welocity of wabter in the pipe,

v="¥02gh =298 x02) =198 ms Ans.

Kate of Discharge

The quantity of a liguid, Bowing per second through o section of a pipe or o chonnel, is known
os the rate of dischorge  or simply  discharge, 1 is genernlly denoted by Q). Now consider a
liguid Mowing throogh a pipe.

Let, = Cross-sectional  area of the pipe, and
v = Average velocity of the houid,
. Discharge, Q= Area = Average velocily =av

Notes: 1. If the area is i m° and velociy inm's, then the discharge,
Q = m’ xm's = m'ls = cumees
2. Remember tat lm' = 1000 litres,

Ecquation of Contiouity of o Liguid Flow

IF an incompressible liquid i continooosly fowing through @ pipe or o channel (whoke cross-
sectioni] area miy or may ool be constant) the quantity  of Bguid passing per second s the
same hif all sections. This is known s the equation of continuity of a lgukd Oow. 11 s the et
and fundomental equation of Pow,



CONTINUITY OF A LIOUID FLOW
Consider o tpering pipe theough which some lguid is flowing  as shown in Fig

Let, my = Cross-sectional  area of the prpe of section 1-1, und
vi= Velocity of the Hqued ol section 1-1,
Simalarly , . v= Comesponding  values af section 2-2,
uncl ay va= Cormesponcing vahees at section 3-3.
We know that the ot quantity of lquid passing through section 1-1,

O =aw {i)
Similarly, tofal quantity of ligquid passing throogh secteon 2-2,
Q= ay vy TRt RN, | i |
and total quantity of the lguid passing through section 3-3,
Qs = a2y A — [ dii)

From the law of conservation af matier, we know thit the wtal quantity of liquid passing through
the sections 11, 2-2 and 3-3 is the same. Therefore
imhah® e OF B VDY) T80V .. AN N0 0L

Example - Waier is flowing  through o pipe of 100 mm dipmeter with on avernge velocity

[0 s, Determing the rate of discharge of tho water in litres's. Al determine the velocity of
witer

Al the other end of the pipe, if the dinmeter of the pipe is gradually changed 1o 200 mm.

Solution. Given: dy= 100 mm =01 mz Vi = 10 m's and dz= 200 mms = 0.2 m.
Rt of disecharge
We know that the cross-sectional wren of the pipe at pome |,

= E}:lill.l.l’_'.f.blﬂﬂr}" m
and e of discharpe, Q= a/v = (TEH x 10%x 10= 7R84 X 107" m'%
= TES54 lres’s  Ans.
Velocity of wader af the other end of the pipe
We also know that cross-sectional - wrea of the pipe o point 2,

.;-—g};m.z:hxl_uﬂnﬁ e



2
nnd velocity of witer o point 2 ve="aZ = ((TE.54 X 1079 31.42x10")=2.5ms Ans.



2.2 Flow over Notches:-

A notich s o device used for messuring  the rate of Aow of o hguid  through o smull chanoel
or a tank, It may be defined as an opening in the side of o tnk or o small channel i such
a way thal the Lgubd surface o the ek o chamnel |8 below  the wop edee ol the opening.

A welr is g concrele of masonry structure, pleced inoan open channel  over which the flow
occurs. [t is generally inthe form  of vertical wall, with ashorp edge at the fop, running
all the way seross  the opeén channel. The noich s of smnll siee while the weir s of a
bigger size. The noich is generally made of metullic plute while  weir is mode of concrete
OF masonry  strocture

8 Mappe or Vein, The shest of wiler fowing through anoich or over nweir is called
Muppe or Vesn,

]

Crest or 531 The botom edge of o polch or o op of g welr over which  the wales
Mhows, b kivowi as the sill or crest

Classification OF Notches And Welrs:-
The nowches  are classified o -

L According o the shape of the opexing:
Loy Rectangular motch,

ih) Tranguler notch,

fc) Trapezeidal nowch, and

id) Stepped noich.
2. Accowding 1o the effect of the sides on the nappe:

{nd MNotch with end controction.
Ih) Motch withowt end controction  or suppressed  nodch e,

Weirs mre classified  acoprding 0 the shope of the opening  the' shope of the crest, the effect
aof the skdes on the moppe  and  nature  of discharge.  The [ollowang  are  imporciant
¢lassificatione,



Discharge Over A Rectangolar Notch Or Weir

The expression for dixcharge over o rectangular  notch or wer is the same.

Fig. 2.9
Rectangulanr  wotch and "weir:-

Consider o rectangulor  notch o weir provided in a channel carrying waler as shown o Fig
Let  H=Head of water over the cres L = Length of the notch or weir

2
. Lx {7
The tomal discharge, Q=3 " cs alHl,,

Problem - 1

Find the dischorge of wster fowing  over o rectangulor  podch (02 In lenpih when the comnsiant
head over the noweh 5 300 mim. Toke ed = (160

Solutsn.  Crven:

Length of the notch, L=2.0m

Head over notch, H = 3 m = (1,3 m

Co=D1.06
2 |
Discharge (=3 r.;lL i "JIEIHI”

2
_GROSx20xAxIBIN [0, o 0

= 35435 x (L1643 = 0582 m3s Ans
Problem 2
Determnine the height of o rectanguler wear of length 6 m e e buill across o Reclangular chammel

The maximum depih of water oo the upstream side of the weir i= 1,8m and discharge s 2000
hitresss, Take Cod = 0.6 and neglect end contractions,

Solutson.  Orven:

Leagth of welr, 1.=6m

Depeh of water. Hl=1 Em

Discharge, = 2000 litls = 2 m3’s



Cd=06
Lot H s the height of water abave the crest of weir amd H2 =height ol weir
The discharge over the weir 15 given by the equation |

F
e3" n-ltl'-!z'i l,;

2
ﬁéxn.ﬁtﬁi-ﬂu'&ulu[ﬂ]”

vl HJ-'!

20
- HY=10623 Fg .10

(wems)
H=ABEZR )Y g 328
Height of weir, HZ = HI- H

= Depth of wiater on upstream side - H
= 18- 3ZE=1472 m A

Discharge Over A Triangular Notch Or Welr:-

The expression for the discharge over a triangulas notch o welr is the same. [t s derived as :
Let  H =head of water above the V- nowh

B = anghe of moich

] tan &
Total discharge, Q=13 %C > 7 ¥ V28 xH 5
For a nght a.nEhu"h' MNoteh A Cy=l16
6=901 o3 =1
]
u_ E:': I:I.Ex!l..'l-ly'i]l:!r.ﬂl uwH 43
=141 H =7 Fg. 211

Discharge,

Problem -1
Find the discharge over a triangulir noich of angle 60° when the head over the

Venolch ix (L3 m Assume Cy= 06

Solutkon, Chiven an Angle of V-notch, e = 60"
Head over notch, H=0.3 m

Ca = 06

Discharge, Qover o Wemotch is given by equation



q:%ufd:%'-!ﬁnh‘ s

0.6 tTan 60
%;c&meﬁ x o % (03),,

=(81E2 x (L0493 = 040 mis, Ans,

Problem -2

Water flows over a reciangular  weir | m wikde ot & depih of 150 mm and afterwands passes
through o triangular dght-angled weir. Toking Cy for the rectengular  and triongular  weir us
(.62 and O3 respectively, lind the depth over the tnangular  weir.

Sohawn Giver

For rectungular seir. Length=L = | m

Depth of water, H = 1 30mme=10. ] 5m

Cy =062

For wiangular weir.

F - o

Cy =059

Let depih over triangular weir = H,
The discharge over the rectongular weir 15 given by eguaition

E=;‘ b f!ﬂﬂ'i”

jxm: 1.0 % 2 x 951  (015) 4
={), 10635 m'/s

The same discharge passes through the triangular nght-ongled weir, Bul discharge. Q). is given
by the equabion

'..F;E::‘.' IIEEEH 2p xl 44

tan 90 .
8 xos9 % /75 u M - 8
0.10635-18 e o b’ | 8=90 0400 Hah, )
=EIU.59H'II-‘.-‘2'JIHIE

=1.3936 H, ¥
L1DG3S
HYTISE - aTen

H={0.07631"“=0,35T2m ., Ans



Discharge Over A Trapesidal  Notch  Or Weir:-

A wapezosdal notch or werr is o combinatson of o reclangulor  aml nongular poich or welr,
Thaus the total discharge will be equal to the sum of discharge through o rectangolar wer or
it and discharge throogh o triangular aotch or weir,
Let H =Height of water over the nolch

L= Length of the cres of tw notch

Ca = Co-elficient  or discharpe, for rectangular portion ABCD of Fig.
Can = Coellicient of discharge Tor tiangular portion |FAD and BCE]
The-dischatge through reclanguler portbon ABCD 1s given by

2
- Q=3 "C 2L x I xH w

The discharge through two triangular potches FDA and BCE is equal o the discharge throagh
o single iriangular notch of angle @ and it s given by eguation

q]=§lf ﬂ:“—}’xﬁ il

Deschorge throngh traperoldal nowh or weir FOCEF = Q) + (s
F i g tan &
_i-:n:E' ,,L:JIE x i vt I-EE .nIT XyZgwH g
Problem -1 Fud the discharge through o wrapesobdal notch which 15 | mowide at te fagp and

040 m ot the bottom and w30 cm in height, The bead of waler On the nolh s 20 cm.
Assume Cy for rectangular portion = 0,62 while for tnangular portion = (.60,

Solution.  Given:
Tesps wiclth AE=1 m
Base widih, Ch=1=.4 m
Head of waler, FI=00,20) i T
For rectungular portion, Cae). 62
FrumMﬂEE Jwe lave "
AE - CD 1
LI M |
F | & H
10-04 06

Discharge through trapezssdal nstch s given by equation



m:ﬂ

.. L
q_—f x L J2gul 2 55 3'..,,1'3_3
2 w60 % 1 x VIR GH 1 [0.2) 5,

=3 X062 x04xVEX9BLy 027 415
= (06549 + 0,02515 = 009084 m'/s = 90,84 feres’s, Ans

Discharge Owver A Stepped  Notch:-
A stepped notch is a combinotion  of recrangular notches, The discharge  through swepped
mech s cquad o the sum of the discharges’ through  the different  reciangulor noiches.
Comicler o stepped notch as shown i Fig.
Lot M= Height of waier above the crest of notch 1)

Li = Length of notch 1,
H2l: aad Fi3La  are comresponding  vahses for notches 2 and 3 resy

Ca=Coeelficient  of discharge for all maches
Total discharge Q=0+ (0

Fig. 2.12

F 2
-I:I:i“c .Hf_ I“ J]EI" 1"7-H1‘“’|:+1'E I“L 3'21'1‘[-" b H-n."' '|+IIE.|“L :lf-\l!j xH 'l'-"

TH"? LA AT -1___.1_____‘_‘5-'"_F‘

'*-—rl_-—q
_——— ey — =

jm—— kg —————— ]

Problem Fig. 2.13

Fig. | shows wstepped notch, Find the discharge through  the notch if Cd for  all
soction = {0.62,

Sobutsan.  Given:
Li=40¢m, L = R0 cm,
Li= 12km

Hi =50+ 304 15=95cm,
Hi=80 om.H3=50 o

Ca=162

Teostnl Discharge Q=0+ +0y
where

2
03 % xiL xV2gid g

|
= o (LAZ X &0 x 581 e
=3 " ® esMVLgp)

=1506Tem's  =1%.,067 lvs Fig. 214

jo— s ) o -



z
ﬂ:_'i: ¢ ‘"-L ::': JMIH :l-i_HI:I-'.tt

F
:ixnﬁl M0 2SRl x [P 500

=530141 e’/
=530, 144 lin's

2
Q=acxl X2gxH

=;I D62 X 120 X /2 X 981 X 58 4,
=TT6T7] em'/s

=1T6,771 liv's

= Q=+ Q:+h

=154.067+530, 144+ 776771
=1460.9% lit's  Ans,

Velocity OF Approuch
Velocity of spproach is defined & the velocity with which the witer appronches or resches the
werr of notch before it Nows over it Thiss 7Y, is the velocity of approach, then an sddational
hend b, egual
o V,© 2g due to velocity of approach, is acting on the water. flowing over the notch. Then
mitial height of water over the noich becomes (H+ by ) and inal height becomes equal o by,
Then all the formulse are
chonged 1aking into considertion of velocity of approach.
The wvelocity of agpproach, ¥V, is detcemined by finding  the discharge over the noich or weir
meglecting velocity of approach, Then dividing the ~discharge-by the cross-sectional aren of
the channel .on the’ upstream side of the weir or sotch, the vebocity of approach i obeaised
Mathematically.

g
y =Area of Chamnel

This vebocity of upproach is ased o find an edditional head (he= V. /2g )Agmin the discharge
15 cnlculated and above process 1= repented  for mong accurnie discharge,
Discharge over a rectangulsr wewr, with velocity of approach

2
%€ xLx "‘Ir'!'_'g!ﬂ‘tl"'h-.} )




Problem:-

Water s Mowing  in o reclangulor  chonnel of | m wide and 0,75 m deep, Fnd the discharge
over o reciangular weir of crest length 600 con i the head of waler over the crest of weir is
2rom and waser from chonnel Aows  over the weir, Take Cd = 0,62, Neglect end contractions.
Take

velocity of approsch  mio consaderation,

Sobutson. Given:

Avea of chunnel, A = Width x depth = 1.0x 0,75 =075 m*

Length of weir, L=6)cm =06 m

Head of wuter, Hy = 20 cm = 0.2 m

Ca=10.62

Dhischarge over o rectangular welr without velocity of approach is given by

2
Q=3C XL X fignH
_;u 0.62 X 0.6 % ¥2 X 91 X (0.2) 1

=LME2 m'a

@ 00982
velocity of approach V,=A= 0.5

Additional heod h,=V," 2g

Then discharge with velocity of approsch s given by equation

m
= .1 Eﬂ'i'-i-

F |
Q3™ XL X T0
“2Ax 062 X 0.6 % V(2 % 9.81[(0.2 + CLD008T} 2210000877

= 1098 [OU0RN02. 000256
= 1058 x (L0017
009881 m'/. Ans

Types of Weirs :-

Though there are numerous  types of weirs, yel the following are important  from the subpect
pnt of view

. Namow-crested  weirs,

2. Broad-crested  weirs,



3. Sharp-crested  weirs,
4: Ogee weim, and
3, Submerped or deowned weins,

Discharge over a Narmow-crested Weir :-

The weirs are genernlly  classified  socording vo the width of thelr crests b two Iypes. e,
marrow-crested  welrs and Broad erested weirs.

Leth = Width of the crest of the weir, and
H = Height of water above the weir crest.

If 2b ks dess thun Hothe weir s called o narrow crested weir, Bot if 2b s more tan H , it s called
o broad-crested weir,

A narow-crested  wedr is hydroalically similar o an ordinamy seir of 1o @ rectungubor welr Ths,
the same formula for discharge over o nprrow-crested  weir holds good, which we derived

fromy an ordinary weir
F

0=3 XCi LV20 x g™
Where, = Discharge over the werr,
Cid = Coefficient of discharge,
L = Length of the weir. and

H = Height of water bevel above the crest of the weir,

Example A namow-crested weir of 10metres bong s discharging  water wsder o constunt hend
of 400 mo. Find discharge over the werr in litreshs, Assume coelficient  of discharge as (1,623,

Solution. Given: L= 10m; H= 400 mm =04 m and C; =0.623,
We know that the discharge over the weir,

2
Q=3 X Co 120 s 4™

i
- 8 xﬂ.ﬁ!i:lﬂ'j[zl“ﬂ“ T Tk

=46.55 m's 4655 Hus



Discharge over o Browd-crested  Welr 1=

S }

Fig. 2.15

Browd-crested west

Conglder abrosd-crested  wedr as shown 0 Fig. Let A and B be the upstream and downstrean
ends of the wer
Lt H = Head of wiier on the upstream side of the weir (e, a0 A,

h= Hend of water on the downstream side of the wer (e, ot B,

v = Veloory of the wiler on the dowisdreasm  sade of the weir

(he., atB)
Ca = Cocfficient  of discharge. and
L = Length of the weir,
Q=1710, L x B2

Example A broad-crested welr 20 m long is discharging water from @ reservolr o cianel
What will be the discharpe over the wedr, i the head of waler on the upseum and
downstream sides s Imoand (0.5 m respectively” Take cocffickent of discharge for the flow as

11,6

Solution. Giver: L=XmH=1mh=058 mand ;=06
We know that the discharge over the wedr,

Q=C* L w2gh - )

0.6 x 20 x 05 xV2 % 9B1(1 — 05} py'ss
X 313= 188 m's Ans,
Dischurge over a Sharp-crested Weir -



Itis o special fype of weir, baving o sharp-crest as shown in Fig. The water Mowing over the
crest  comes 0 contngt with the crest -line and then springs op from the crest and Talls s
o trajectory ok shown in Fig.
In usharp-crested  wedr, the thickmess of the weir is
kept bess than hall of the beight of water on the weir, ie.,
h<(H2)
whstre ., b= Thickness o the wedr,
ard H = Height of water, above the crest of the weir,

The discharge oquation, For n sharp crested weir, remiins  the same as thet of o rectongular
wekr. L.,

Where, i = Coefficient  of discharge, and
L = Length of shurp-crested weir

Exsmple In o lshorsiory experiment, woser flows over o sharp-crested weir 200 mm bong
pncler o constant hesd of TSmm, Find the discharge over the weir m Litres's, if Cq = (L6,
Solution. Given: L =200 mm = 0.2 m; H = 7% mun = 00075 moand G, = 0.6,

We know that the discharge over the weir,

2 2o v
=¥ X Oy LVER x H¥

jxﬂ.ﬁxﬂilﬁumz{ﬂ.ﬂﬁ]u

=073 m's =73 fitres's. Ans.



Discharge over wn Chpee Welr ;-

Itis & special type of weir, penerally, used os aspillway of o dam s shown i Fig.

o The crest of an agee weir shightly rises up from the

poant A e, crest of the sharp-crested  wekr) and afier reaching the maximam  rise of (U115
H {where H = the height of o water above the poimt A) falls ino perabolic form & shivwn in

Frg.
The discharge equation for an agee weir remains the sane us that of 4 rectangular  welr,
Le,
1 ="
Q=3 X LVEF x H -
Where Ca= Co-efficient of discharpe and el L B '- T
L= Length of an ogee welr F AR _‘/ +
)
Fig. 2.17
Example

Anogee welr 4 metres long has 500 mm bead  of water. Find the discharge over the weir, if Cy
=62,
Solutron.  Given: Lo=4 m; H = 500 num = (L5 m and Cy= (L6

We know that the discharge over the wer,

1 |
Q=3 XCy LVIgx H™

2
I X0 X208 X055 m's

= 7323 x 0354 =259 m'v= 2590 litres's Ans

Discharge over o Submerged or Drowned Welr -

When he waler level on te downstream  side of o webr B alwve the 1op swrface of weir, il i
known o subwmerged of drowned welr as shown i Fig

The total discharge, over such aweir, is found out by splitting wp the height of water, above
the sill of the weir, info two portions i discussed bebow;



Let  H;= Helght of wuser on the upstream side of the wer, and
Ha =height of water on the downstrenm  sude
of Use welr.

Fig. 218

The dischorge over the npper pontbon  may be considered as & free dischorge under o bead of
witer ogual to (Hy — Hak  Amd the discharge ower the kower pomion may be considered as o

submerged discharge under o bead of H: . Thus discharge over the free portion (e,  upper
prrliuu:l.i

@1=3 X Cd IN@ x(M1.H2P?

Submerped weir ;-
und the discharge over the submerged (Le., lower portion),

Or = Ca. L, Hy Y29(H 1)
;. Temnl discharpe, Q=0 =0

Example A submerged sharp crested weir 0.8 mwtre high stands chear across & channel having
vertical sides uod aowidth of 3 meters. The depth of water in the channel of approach is 12 meter.

Amd 10 meters downstream from the weir, the depth of woter 15 | meter. Determine the
discharpe over the weir in Bters per second. Take Ca as (L6,

Solution. Given: L =3 maond Cd = (L6

From the geometry  of the weir, we fusd that the depih

of wader om the upstream  side,

Hiy = 1.25- 08 = 045 m and depth of woter on the downstream  side,
Hi =1-08=02m

W know that the discharge over the free portion of the wedr

F 4
0i= 5 X Cd LV20 & (112"

:; w 0.6 3 [ﬂ?ﬂﬂ{nfﬁ o i)



= 5315 % 0,125 = 0664 mYs = 664 litere's e (1)
and discharge over the submerged portion of the weir,
Q= Cy. L Hy V2GOH | 1)
=06 x3x 02902 X 0.81(045-02) ms
=036 x 2215 =0.797 nr'/s =797 liters's « (K}
i Totnl discharge: € = Ch + O = 664 « 797 = [46] liere’' s Ans,

2.3 Flow over Weirs:-

Adi opent channel | a passage through which the water flows under the force of gravity
atmospheric  pressure. O i other words, when the free sarface of the lowing water s in
comact, with the stmosphere as i the case of a cannl, o sewer or an aquaduct, the flow 1s saad 1o
b through an open chonpel, A channel may be covered or open at the wp, As o matter of facr,
the flow of waler 0 an open channel, s o due o pay pressure as in the cese of pipe flow. Ba
it is doe to the slope the bed of the chonmel. Thus dunng the construction of o chasnel, o uniform
slope in its bed i provided 10 maintain the Now of water,

Cheey's Formula for Discharge throogh an Open Channe :-

Sloping bed of a channel ;-

Consider an open chamnel of uniform cross-section and bed slope as shown in Fig
Lt

1= Length of the channel,

A = Area of flow,

v Welocity of waer,



p = Wetted perimeter of the oross-section, m=
= Frctonal recstance per anil area st unit velocity, and
t = Uniform skope o the bed.

A
m= B ciiveniknown as hvdraafic mean depth or hydrulic
ruddius
4 Discharge Q= A X v=ACY mi

Example.

A rectangalar channel is 1. 5 metres deep and 6 metres wide. Find the discharge through channel,
whern it nans full. Take shope of tee bed s | in YK and Chezy's constant as 50,

Solutson. Civen: d= 185 m b=6m. 1= 190 and C = 50,

We know thar the area of the channel,
Az bd= 6 x1.5=9 m
and weltted permeter, D=b+M=6+2% 1LE=9m

A
;. Hydraulic mean depth. m=F = 1m

und the discharge through the channel,
Q= ACY i = S50V (1 X 1900 15m™s  Ans,
Manning Formula for Discharge :-

Manning, afler carrving oul a serbes of experimients, dedoced the following relotion  Tor the
valug of C i Claeay's Tonnuls for discharge:

1
C=lf =™ 14

whaere N s the Kutter's oonstunt
Mow  we ses thot the velociny,

v = C¥Fmi=M X m* X'

where

M =1N and bs kisvwn @ Manning’s  consianl,
Now the discharge,

0= Amax Velocity = A x I'Nx m*xi'?

=& x M x m® x {7



Exwmple

An earthen channel with a 3 m wide base and sade slopes 1 : | carmes water with a depth ol |
i The bed slope is Lia 1600, Estumae the discharpe. Take value of N m Monoing's formiala as
(.04,

Sofutsan.

Cilven: b=3m; Sideslopes=1: Rd=1m i= UI60and N =004,

We know thot the area of (how,
1

A=2x(3+5x1=4 m
and weited perimeter,
Pe 342X 1= 583 m

2 hydrautic mean depth m = AP=4/583=0),686 m
We know that the dschargs through the channel
Q= Areax Velocity =A x I'Nx m*" xi!?
=4 X 1004 X 0.686°" X (1/1600)"F
=1.945 m s Ans

Channeds of Mot Economical Cross-sections =-

A-channel, which gives moximom discharge for s given cross-sectional area and bed slope is
called n channel of most economical cross-section. Or in edher words, it = 3 choomel  whach
imvolves least excavation for o designed amount of dischorge. A channel of most ecomamical
cross-stethon  bs, sometimes:  alwo defined a5 8 chamnel which hes o mindmem  weited
perimeter; =0 (hot there s a minkmom  resistance o flow and thas resalting o o maxibmaom
discharge, From the above defimitions,

it 15 abvinus that while denving the condition for o channel of most economical  cross-section,
the cross-sectbonal  area is asumed (obe constant, The relution between depth and bresiih of
the section is fowngd oud 1o give the maximum discharge.

The comditions for masimum  discharge  for the following sections will be dealt with in the
succeeding pages

|. Rectangular section,
2. Trapesidal  section, and
1. Circalar section,



Condition for Masimom Discharge through s Channel of Rectangulsr Section ;-
A rectangular secticon s, wsually, not provided in chonnels except in rocky sodls where the faces

of rocks can stand vertically, Though o rectangular  section i not of
much practical importance, yet we shall discuss it for s theoretical importance anly.

Consider a channel of rectangular section s shown i Fig,
Let

b= Breadth of the channel, amd
d= Depih of the channel,

A=h Xd

Discharge Q= A xv = AC ¥ mi
m= &P

=42

Fig. 2.20

Hence, Tar moximum chschoarge of maximum velocity, these two conditions (e, b= 2d amd
m = o2} shombd he used for solving the problems of chanmels of rectangular cves-sections,

Example
A reclangular  choneel has o cross-secton  of 8 apuare metres, Fisd  is size and discharge
through the most economical section, if bad sbope 15 | 100, Take C =55,

Solutson, Given; & = K m2

= 11000 = (U] and C = 55,

Siee of the channei

Lt

b= Bremith of the channed, and

d = Depth of the channel.

We know that for the most economdcal rectungular section,
b= 2d

LoArea (A) B=b X d=2 X d=24°

= h:! i

And b=2d=2X 2=4m

Drischarge throagh the channel

We also know that for the most economical rectangalar section, hydraulic mean depih,
m=d2=22=1m

amd the dischnrge throagh the channel,

Q=AC Fmi=8x 559 1 X 0001 m's

= 441 x 00316 = 139 m's , Ans,



Condition for Muaximum  Discharge through o Channel of Tropesoidal  Section (-

A trmperaddal secton is alwoys provided in the earthen channels. The side slopes, in & channel
of trupezoidal cross-section  are provided, so thot the soil can stongd safely, Generally, the side
slope i particular soil is decided after conducting experiments. on that sodl, In a sofi soil, Matter
sidie slopes

should be provided whereas in o harder one, steeper side shopes may be provided.

consider a charnnel of trapezosdal cross- sechon ABCTY as shown in Flg,

Lot

b= Breadth of rhe channel ar the bonom,
d = Depth of the chonnel and

i

n =side slope {le, 1 vermcal won honzonil )

Hence, for moximain  discharge of maxinam velociy  these fwo

e, b +2nd? = d vo2 + 1 and m = 7)) should be used for solving problems on
channels of
trapeeosdnl cross-sections,

Example _

A most economical traperoidal channel has an area of fow 3.5 m° ducharge in the channed,
when runonmg | metre deep, Take C = 60 amd bed slope 1 10 B0,

Solution. Given: A=35m2 (d= 1 m; C=60undi= /800,

W know that For the most ecomamical truperoddal chonnel the bydraolic mean depih
m=42 =0.5m

amd discharge in the chunned,

Q= ACY® - 5235 m's Am



Example .
A traperoidal chammel having skde slopes of 1 @ 1 and bed slope of 1 in 1200 is reguired o

carry o discharge of 1800 m*/min. Find the dimensions of the channel for eross-section.  Toke
Chezy's constant s 500,
Solution.
Giiven side slope (n)=1
(e | vertical o n horzontal ),
= 171200 Q= 18Im " min = 3m"sec
and C = 30
Lt b=breadth of the chanmel of its botioem and d= depth of the water flow,
We know that for mmimum cross section the chanmel should be most economical and for
ecopomacal trapezoadal section hadf of the top width 5 egisal o e sboppang sude, e,
b +20d2 = d B2+ 1
ur b = (LH28
& Ama A =d X (b + nd) = |E28F
We know that in the case of a most econommcal trapazodial secthon the hydraulic mean depth
m=42
A discharge through the channel ()= A.C¥ml = | §aad*
= =31, 866 = |.608
Ord= 121 m
= h=08IRd=08I8 X 121 = | m ANS
Condition for Maximum Velocity through o Channed  of Circolar  Section ;-
Consider o channel ‘of corculur section, discharging  waler under the atmosphenc  pressane
slivwn in Fig.
Lt r= Radius of the channel.
h = Depth of waler in the chonped, and
28 = Tuotal angle (in rachians} subtended &t the centre by the waler
From the geometry of the figee, we find that the wened  perimeter of the channels,

P=2ré i)
and area of the section, through which the water is flowing.
rZsin2 g sin2@

A= 8. i =/f{? .71 ) ...[ii)



We know that the velocity of flow in an open channel,

(B A.E.ﬁ

We know that the velocity of flow in an open channel |, v= Cmi

Problem: Find the musimum velocity of water in a cdrcular chwnmel of 500 mm rsdias, i the
bed slope is | in 400, Take manning's constant as S,

Solution:-
Given d= 500mm = 0.5m or r = .52 = 0.25m, =100 and M= 50
Let 28 = tonnd angle {kn radian ) sebiended by the water sorface at the centre of the channel.

Meow we know that for maximam velocity | the angle subtended by the woter surface at the cemre
of the chanmel

m
28 297 or @ = 128,75" = 128 7SXTEE = 224 Trad

A1 A
& Arwol Mlow, A = (& .7 2 ) = 170

Anel perimeter P = 2r 8 = 1,124m
* hydraulic mean depth m= AP =1L17171.124 =01 152m
And veloctty of water v= MXm™'Xi "=0.7lms  ANS



Chupter-111

PUMPS
A1 Centrifugal Pumps:-
The hvdraulic machines which convert the mechanical energy 1o hydrulic energy ane
cilled puimps, The hyvdroalbe energy b b the Torm of pressune enedgy. 11 the mechanical energy s
converted, into pressure energy by means of centrifugal force acting on the flukl, the hydraulic
machine is colled cemrifugal pump,

The centrifugal pamp works on the principle of forced vorrex flow which means thit when
o certain mass of laguid e rotated by an extenal forgue, the nse m pressare heod of the molating
Digualel eakes place. The nse i pressune bead o pay point of the roteang guld s proporsonal 1o

1 " o |
the square of tngential velocity of the hguad ot that paint (e, |, nse in pressure head = ;— 0or ﬂg—r
& &
1. Thas at the outlet of the inpeller, where radios is more | thee rise in pressare head will be mone
& the ligusd will be more & the liguad will be dischorged of the outled with a high pressare heod

e b0 this high pressure head, the liguid can be Fifted ws o high level,

Main Parts OF A Centrifugal Pump:-
The fellowings are the main pans of o centrifugal pump:;
L. Impeller
F Casing
4. Swction pape with a foot valve & & strainer
4. Delivery Pipse
All the main parts of the centrifugal pump are shown in Fig 19.1

1. Impeller: The rotating port of o centrifugnl pump s called ‘impefler”. It consisis of @
senes of backword corved vanes. The impeller is mounted on a shaft which is connected 1o the
shuft of an electric molor.

2. Cusing: The cusing of o centnfugal pump s stmilar to the casing of a reaction tarbine. 1t
s an ar-tight passage surroubding the impeller & i designed i such o way that the Kinetic
energy of the water discharged a1 the catbet of the impeller i converied inio pressure encrgy
hefone the wabter leaves the casing & enters the delivery pipe. The following theee 1ypes of the
casings are commonly adopted:



! Volute cusing os shown in Fig. 19,1
b, Vorsex cosing s shown in Fig. 19.2(n)
- Casing with guide hlades as showon in Fig 19.2(h)
al Volute casing i shown in Fig. 2, the Volule casing, swhich is surrounding the impeller. I
is of spiral type in which area of flow meresses gradunlly. The increase in orea of fow
docrease velocity of flow. Decrease in velocity increases the pressure of water flowing

thromgh cosing. it has been observed that in case of volule casing, the efficiency of pump
InCreases.

Main ports of 5 centnfugal pump
Fig. 3.1
b} Vortex easing. il o circular chamber is introduced between the casing and impeller as shown in
fig 2.1 the casing is known e vortex casing by introducing the cincular chamber, kas of energy

due 1o formadion of eddies is redoced 10 o conshderable extent. thus efficsency of pump is mone
than the efficiency when enly vole casing is providaed,

¢) Cosing with gulde hlades, This casing is shown in fig.3.1 i which the impeller is surrounded
by @ serles of guide blades mounted on a ring which is known as diffuser. the guide vanes are



designed in which a way that the water from the impeller enters the guide vanes withowt stock,
Also the area of gude vanes mcreses, thus reducing the velocity of Now through geicde vanes and
consequemly increasing the pressure of witer, the water fram guide vanes then passes through the
surrounding casing which is in most of cases cancentric with the impeller as shown m fig.3.1.

& soction pipe with foot-valve wnd w strainer: A pipe whose one end is connected o the inbet of
pump and other end dips mio waler in a sump s known as suction pipe, A food valve which
is & nob-reum valve of ooe —way type valve s liged at loower end of suction pape. Foot valve

opetis only in upward direction. A sirainer is also fitted of lower end of suction pipe.

Memnal fype of casimg

Fig: 1.2

4, Delivery pipe: a pipe whose one end 1s conpected to outlet of pump and other end delivers water
ot o reguired hedghe i known as delivery pipe.

EMciencies of o centrifagal pump: Efficiencies of a centnfugal pomp: In case of o centrifugal
pump |, the power is transmitted from the shoft of the electric motor o the shaft of the pump &
then (o the impeller. From the impeller. the power is given 1o the water, Thus power is decressing
From the shalt of the pump to the impeller & then o the water. The following are the importat
efficiencies of & centrifugal punmp:

&  Manometnc efficiencies i
b, Mechanical efficiencies

¢, Dwerall efficeencies 1,



aj Manometric EMiclencies 5 ¢ The ratio of the manometnic head o the hesd imparted
by the impeller to the water |s known as mandametric efficiency. 11 is writhen s

e = Manometric headHead impaned by impeller o water

M., §H.

Vs Vo,
.

The impeller at the impeller of the pump is mese than the power given 0 the water ot outled of the
pump, The ratio of the power given to water of outlet of the pump &0 the power available of the
impeller, Is known o= mansmetnc efficency.

WH
The: power given 1o waber ot outlet of the pump= Iﬂ'ﬁ kW

Work done by impeller per second ...,
The power an the impeller = ‘Iﬁl
E " ﬂ &
g 1000
Wi

S |

“'r:.:‘l"_l,lulz l."_; _ET

g 1000
hi Mechandeal efficlencies:-

The power ol the shaft of the centrifugal pump is more than the power available an the
impeller of the pump . The ratio of the pewer availoble s the impeller 1o the power 81 the shaft of
the centrifugal punp is known as mechanscsl efficiency. B is written as

i, = Power at the impellerPower at the shalt

The power ot the impeller in KW=Waork done by impelber per socond 1 0000



cl

Where 5.P.= Shaft Power
Owverall efficiencies 1,
it is defined as the mtio of power cutput of the pomp to the power input to the pump . The
power ositpust of the pump in KW
Weigst of water lifted «Hp, -

- 1000 - .|IE:[':II'

Power input 1o the pump =Fower supplied by the elecine molor
= 5.P. of the pump

[ Ee

=g

L P | SRS

Problem 3.1: The internal & externnl dismeters of the impeller of a centrifugal pump are
200man & 400mm respectively, The pamg is nmning s 1200 rpom. The vane angles of the
impeller at inlet & outlet are 207 & 307 respectively, The water enters e impeller rmdially
& veloeily of fow s constant. Determine the velocity of flow per metre sec.

Sdutbon: Internal Dia. OF impeller =[=200mm={L 20m
External Dia, OF impeller ,=Dn=a00mim=0.40m
Speed N=1200rp.m
Vane angle o2 inlet , ¥ = 20"
Vane angle al owtlet, ¢= 30"

Water enter s rndially means, @ =90 and ¥ =0

Velucuty of Now , =V, =V,

s



Tangential velocity of impeller at inlet & outlet are,
_ NN N T = 200w | 00

ity = = 12.56m /8
il Bl
i 1N 2 M= 4k = | 200 =% [3m/ s
Al il
From inket velocaty rangle,
v b
S L N
= ™ 123a

i
i"”_ | St ey o DS = b b e STy

i-';.: -i*l-"J,.l =, ST S 0

Problem 3.2; A centrifizgal pump delivers water against a oot head of 14.5 metres & a design
specid of 1000rpm The values are back 10 an sngle of M with the periphery. The impeller
dipmeter is 300mm & outlet width SOmm. Desermine the discharge of the pump if munometric

efficiency is 95%.

Solution: Net head, Hese 14.3m
Spead, N =1000r.p.m
Wane angle al outlet, @ = 30°
Impetler dinnseter means the diameter of the impeller o ootlet
Dinmeter, I3, = 500 = (.3
Outlet wadth, B, = Hbwn = 0.05m
Manometric efficiency, n__ =%5%=0.95

AN xx 30 100
)

Tangential velocity of impetler st outer, w, =

=1570m /5



MNow asing eguation

_aH, st =
o = T
05 IBIx14S iy
V., %15.70
095 14.5 .
§ = —————
T L T
w,
L]
Fig. 3.3

Refer bo figi3.3) Prom outlel velocity mangle, we have

"'Jl'l
tang=—"0——
(i, =V .}
v Vi
(A570-954) 6l6
Vyy = 616 tan 30" = 3,556m /7

Discharge = 0 = g =0, =R, =V,

tan 3" =

=g x030=0,05x35560m" /5= 0L1675m" /5

12 Reciprocating Puomp:-
Iniroduction: -

‘We have defined the pumps a8 the hydraolic machines which convert the mechanical energy in
hydrauhic energy which is madnly in the form of pressure energy. If the mechanical energy is
eonvertad inio hydmulic energy (or pressung energy) by sucking the Hguid into a cylinder in which
o piston s reciprocating (moving backwards amd forwands ), which exens the thrust on the Lguaid
& increases (s hvdronlic energy (pressure energy ), the pump s Known as reciprocating pumg,



Muin parts of o reciprocating pump:-
The fellerwing sre the main parts of & reciprocating pomp ok shown m fig (3.4)

MLATET PP

MEr paria nl & oiprecsing pamp
;:"mﬂll'ﬂﬁﬂ-ﬂ._ﬂud-um
Sucthon pipe, 1 Deleeery pips,
4. Suction val've. 1ad 5. Delivery valve.

Fig. 3.4

Discharge through s Reciprocating Pamp:  Consider o single acting peciprociting puinp as
shown in fig ()

Let D= din. OF the cylinder
As Oy grea of the piston or cylinder

1
=*ﬂ

r= Rahas of crank
N=r.p.m of the crank
I=Length of the stroke=2"r
b = height of the axis of the cylinder from water surface in sump
hi = Hedght af the delivery outlet aboyve the oy himder axis {(adso called delivery haad)
Volurms of witer delivered in one revalutson or discharge of water in one revedution

= Area * Length of stroke = A®L



N
Mismber of revolution per second, = 6o

Discharge of the pump per second , Q= Dischurge in one direction = No. of revalution per second
N ALN
=AxL 60= 6o e B R

WL of witer delivered per second, W = o =

il

Work done by Reciprocating Pump @ Work done by the reciprocating pump per sec, is given
by the reaction as

Waork done per second = Weight of wister Tifted per secomel = Total heygh throagh
winch water 15 lifted

= W, +h,)

Where (i, +h, )= Total height theough which water is lifled

Froon equation () Weight, W is given by W = J-H:'-;;—"""

Substituting the value of W in equation {) we get

Work done per second =
B (h, +h,)
Be Work done per second
Power required 10 drive the pump, in kKW 1000 2
porgw AN, + b, )
6] = 10X
pRALN I, + 1)



Classification of reciprocating pumps:
The reciprocating pumps may be classified as:

I, Acconding 1o the water bemng in contact with one side or both sides of the piston,
fnd

2 According to the number of cylindens provided

If the water is in comact with one ssde of the piston, the pomp is known as single-acting. On
the ather hand,

If the waser 5 in contmct with both sides of the pston, the pump is called double -acting.
Hence, clnssification sccording to the contact of water is:

. Single-acting pamg
[l. Douhle -pctng pump
Accurding o the number of cvlinder provided, the pumps are clissified as;
I.  Singhe cylinder pump
. Double cylinder punsp
L. Trple cylinder punyp



Whan the water is available at a higher level, el suppled to lower level, by the more
action of gravity, than # is called Flow Irfigadio But # the water is Mied up by some
mechanical of manual means, such &8 pumps, eldhanduppded for imgation | then i is
called Lifl mmgation.
Flow imgation can be further sub diviced info;

{}] Pergnnial fngation

(i)  Flood irrigaton
Parennial Irigation ;| In perennisl system of ingatlon, constant Bnd iemeeus waler
supply s assured to the crops in accordance widrdgquiremants of the crops, throughout
the crop period. In this system of ingation, wals supplied fhrough storage canal head
works and canal distribution system.
Whean the water i directed into the canal by conging & weir or 8 barrage across the river,
it is called Direct mgation. Ganga canal sysisman axample of this type of irigation, But
it & dam & constructad across a river b0 Storeadining MONSOoNS, S0 A% to supply water in
the off-taking channeds dunng penods of low lioken i s termed as slorage irrgation,
Flood Imgation : This kind of imgation , s sometimes called isandation irrigation, In
this mathod of impgation, sl is kept submarged shorowghly flooded with water, s0 as o
causa thorough saturation af the land, The molsoakod by the soil, when occasionally
supplamented by natural rainfall or minor walenhgogs the crop 1o maturily,
{2} Sub-Surtace Irigation — I 5 tErmed as sub-surface imgaton, becausthim type of
irrigation , watlar does not wet the soil surfachks Dndarground water nourishas the plant
roods by capillasity. It may ba dwvided into thdltovng two typas,
(&) Matural sub imgation and
(b} Artificial sub-irmigation.
{a) Mawral sub-irigation - Leakage water from channets, &l goes undesgoand
during passage through the sub sol, it may iregatbps, sown on lowar land | by capillarity.
Somatimes , leakage causes the water Llable teplswhich helps in imgation ol cops by
capillanty. When wnderground irrigation &8 achidvsimply by natural processes, withoul
any additional extra eflorts, it i called naturab-irmgation.
(b} Artilicial sub-irrigation - Whan a system of open joied drains is sl |aid
bebow the sod, 50 a5 10 supply water 10 the clapsapillarity, then if i known a3 anifickal
sub-irrigation. B s & wery costly process end deadopted in India on a very amall scale.
Somatimas irmigation water may be infentonalhiadied in some diMches near the fialds, the
parcolation watar may B Comm up bo e rootaugh capilarity,



Sources O Irigation Watear |
Thara arg vafious ways in which the irfigation watan be appdied to the falds. Thasr main
classification & as follows

(1) Free looding

(2] Border flooding

{3) Chack Rooding

(4) Basan flooding

(5) Fummow srrigathon method

(6] Sprinkber mgation method

(71 Drip irmigation method

(1) Free flooding or Ordinary Flooding — In thes methaiiches are excavated in the
field, and they may be sither on the contour omod down the slope. Watar from
thase ditches, lows across the field. Aled widanios the dichas , no attempt &
macke 1o control the How by means of leaves. Elmcithe movament of water i not
restricied. i is sometimes called wild floodingliiowgh the inisl cost of land
preparation is low, labour requirements are usubligh and water application
afficeency is also low, Wild fiooding, 5 most salle lor closa growing crops,
pastures, etc, parbcularly whene the kand s stéigniour diches called laseral or
subsidiary dilches. Are generally spaced at abdulc50 metres apar, depanding
upon the slope, exture of soil, crops to be grown, This method may be used on
ralling land whaere borders | chacks, basss arbda are not leasibhe,

(2) Border fiooding — In this method, the land s deddinto a number of strips,
separaled by low leaves called borders, The lassearonfined in each strip s of the
ordar of 10 0 20 metres in width and 100 to 405hewin length. To prevent walas
from concentrating on either side of the bordeme fand should bo levelled
perpandicular 1o the flow. Water is made to floanirihe supply dilch into aach steg,
The watar fiows slowly towards the lower end. anfiitrates into the soil as it
advancas, YWhen the advancing waler reaches the ool the strip, the supply of
waler 1o the Sinp is turned off, The supply ditelso callad imgation stream, may
gither be in the form of an earthen channel omadichannel or an undarground
concrete pipe having nsers at inervals,

(31 Chack Flooding — Check flooding is samilar to calip ooding except that the water
i confrolled by surrounding the check area with iend et levees. Lovess am

b



pgenerally constructed along the contours, havintjosd intervad of about 5 to 10 cmo
Thase levess are conneciad with oross = nvedarabmant places. The confingd
plot area waries from (L2 1o 0.8 hectare, In chibedeiing, e check 13 Mled with

water &t a taify high rate and allowed to stand dne water infiltrates. This method
i suitabde for more parmeaable scils as wall addes parmeable sois, thus reducing
tha parcolation losses. The water can also bedwelhe surface for a konger ima in
case of less permeable scils, for assuring adepaastralion.

(#) Basan Flooding — This method 15 a special type edak flooding and 12 adaopied
specially for archard tress. One or mone reeganerally placed m the basin and the
surtace 15 flooded as in check method by ditch wale

(6) Fummow irrigalson method — In flooding methods, ditsed above, waler covers the
entre surface while In furrow imigation methodeane-fifth 1o one-hall of the land
surface = wettad by water, it therelore resulilees evaporation, less pudding of soll
and permits culivation sooner aMar irrigation, riews are namow Bald ditchas,
axcaviied batwean rows of plants and carry rgalater through them, Spacing of
furrcws s determéned by the proper spacing ofplemis, Furmows vary from 8 to 30
cm deep, and may ba as much as 400 matres longsEa long furmows may resull
in oo much parcolaton near the upper end. Andithe water near the down slopa
and, Deep lurrows are wadely used lor row cropsaSmhallow furrows called
cormugations are panicularly sulable lor relaveregular topography and closs
groweng crops such as meadows and small grains,

(6] Sprinkker irmigatan mathod = In this farm watapdipation mathod, water is applied
i the sod In the lorm of & spray through & nelwol ppes and pumps. it is a costly
process and widely used in US. A, I can be usediidypas of soils and lor widely
differant fopographic and slopas. It can be usedrieny crops, because it fulfils the
normal requirements of uniform distrbution of vweatifhis method possesses great
potentialities lor irrigation areas. This method oaly cosfly bul requines & kol of
technicaliies. Specisl steps have to be lakempdeventing entry of silt and debris,
which are wary harmiul for the sprinkler equipmanits

{7) Drip irvigation method = Drip imigation also callenckie irrigaton is the latest liokd
irrigation technigque and |s meant for adoplion mcps where there exists acule
scarcity of imigabion water and other salt protlern this methods, wiater s slowly
and directly applied 1o the root zone of the plathereby minimesing the losses by
avaporation and percolation. This systam involagnl of a system ol head, maing,

i



subtr-mains, laterals and drop nozzles, Water copembthess small drip noczies
unifgrmly and al a besy small rate, directly irthe plant rools amas. The head
consists of 8 pump b ift waler, S0 a5 o prodie desired prassure of aboud 2.5
gimosphere, for ensunng proper flow of water tighouhe system. The liled

irmgaton water 18 passad through a fediliserkiaso as 1o remove the suspanded
particles from the water 1o avoid clogging of deperles. The mains and sub maing
are the specially designed small sized pipes, rbBexible materal like black PVC,

These are generally bunsed or laid on the groummBeTsizes should be sufficient to

carry the design discharge of the sysiem,



CHAPTER -2
HYDROLOGY
The water of the wniverse always changes from (e o other undsr the eflect of

the sun, The water rom the surface source likedakvers, oceans, #ic. convans 10 vapour
by evaporation due 10 solar heat, The vapour geesaeumulaling continuously in the
atmosphese, This vapour 3 again condensed dulacsddden fell of temperature and
pressure, Thus clowds are formed, These clouds ageise the precipitation (Le, rainksl).
Soema of the vapour s comvarad o ite at the pdakeountans. The e again melts in
summes and flows as rivers o meet the sea of oclimese processes ol svaporation,
precipitation and mefing of ice go on continuoute an endless chan and thus & balance s
maintained n the atmospharna. This phanomanondakms hydrologic cycle

Frnm e pnn:h:h of h:.-dmi:rui: n:ym m M-w sah: waler gQoes on evaporabon
continuousty lrom the water surdace on sanh v, lake, sea, ocean, otc), by the eftect of
gun, The water vapour goes on collecting m theoaphere up 10 a certain limil When the
Wmit excesds and temparature and pressurs falbitain vakee, the water vapour will get
condensed and thereby cloud s formed, Ulimatebpliks are loemed and ratumed 1o eanh
in the form of rain, snowlall, had, etc, This inden as ran a8 or precigdtation,
Types ol Precipitation or Rain Fall -

Depending upon the varous atmosphent conddlimsprecipatation may be al the
tallowing types:



Tha hydrgraph is a general representation of the dischefgaver (in cumec
againat the tkme (in hr or days). The dischargeloted as ordinate -axis) and the tme |
plotted as abacissa @es) (sea the figur

During the dry season, there is anly bdow (.. ground wales flow) bul no surla
runoff, This may be shown by & line which is apgmtely straight (not shown in the figu

In rainy season, at the baginning of the rainkdirg 15 only base flow (shown by |
Ene ABJ, ANer some pancd, hen the iniksl kosses (ke inlercepbion, evaposstand
indiltradion) ane fullilled, the surface runcll siaand hence the discharge of mver goe:
increasing. Hence tha imb of the curve rises wihickalled rising Bmb (shown by line BC
This ling reaches to the peak value at 'C'. Again whanrthe stops, the flow in the s
dacreases and the mb af the curve declings. [Fhigis known as recession imb (as she
by the line CO). This discharge at the point C isdes the maximum discha (i.e. peak
discharge or flood discharge). The total area unbercurve ABCDE indicates the o
runcdf, But this run off inchedes the base flow e direct runoff. So, to get the act
runoif the base low s 10 be ducted by saparatimpm totd anea.

i I 4

Thiz type of precipitabion is causad by the diffes of pressure within the air me
on the surface of the earth, If low pressure isegeed at some place the wanm moist
trom the surrounding area rushes to thne of low pressure with violent force. The we
malst aif rses up with whirding motion and getsvdensed at higher altitude and ultimal

heavy rain fall cocurs.
This may be two types,
a) Frontal Pracipitatio
b} Non Frontal Pracipitatic

When the moving wanm maoist air mass is obstruckeths zone of cold air mass, 1
warm moist air rises up {as it s lighter than cald mass) to higher altitude where i1 g
condensed and heavy rainfall occurs. This is knesront: Precipitation,

bl Non Frontal Precipitafice -
When the warm moist ar mass rushes (o the rondowd pressume from th
surrounding area, a8 pockeat is formed and the waomiradr isas up ke a chimnay towar



higher altitude. At higher altitude thair mass gets condensed and heavy rainfall ocEbis
5 known as Non Frontal Precipitatl
2} Convectve Precpitation:

In tropscal counties when on a8 partcular hot dbg ground surface gets hea
unequally, the warm alr i lited 1o hgh altfuand the cooler air takes #s place with b
veloctty, thus, the warm moist air mass s conddrmethe high allitude causing heavy
tall, This is known as cormective precipitationddeom the Hgurs

21 Orographec Precpdation:

The moving warmmoist air when obstructed by some mountain risegoshigh
alitude, it then gets condensed and precipitateows. Thes |s known 85 orograp
precipitation (Figure].

Hyertograph,

Tha graphical representaton of rain fall and-off s known as hyetogph, The graph |
prepared with intensity of raintall (in crmiv) aedimate and time (in hrs) as absciasa,
diltration capacity curve is drawn on this grapt show the amount of infillraton lo
{shown by dolted portion), The upper portion intes the efective raanfall (shown |
hatchiad Ene).

Tha centroid of the elfective rain fall is ascaad on the graph for determination of &

run-off at any specified period,



Thnmtrmummwm:-uhmmmﬁmumﬂmilﬂuknm
Raingauge.
The pancipls of raingauge is that the amount ablall in a small ares wil
reprosant tho amount of rainfall in a large areavided the metrologic:
characiensbcs of both small and largea are similar,
Types of Rainguase
1) NonHRecoding Type Raingauge (M-Automatic)
2) Recording Typa Ramgauge {Awioma
() Welghing Bucket Raingal:
(4} Tipping Buckat Ratngau
(i) Float Type Raingaug
1) MonRecoding Type Raingaugy
Simon's rangaug s 8 no-recording type raingauge which 18 most commonshdy
It congists of metal casing of dametar 127mm  Wldcsat on concrete loundation A gl
botthe of capacily about 100 mem of rain Fall isqld within the casing, A funnel with bee
rirmt 18 placed on the top of the bottle. The arrangemsesticwns
The raenfall is recorded at every 24 hours. Gehgrilbe measurement 15 taken
8.30am every day. In case of heavy rainfall the summent should be taken 2 to 3 tir
dady =0 that the bie does not overflow, To measure the amount affall the glass bottl
is5 Eaken off and the colacted waler i measured measuring glass, and recorded in
ramgauge record book, YWhen the glass bottle artallf and it is immediately replacedth
new bottle of same capadcity,



Eigure: Simon's Fain Saum
£l Recoding Type Raingauge:

In this type of raingauga, the amount of rainfalButomatically recorded on a gre
proper by some mechanical device (see figure), Hergerson is requered | measunng i
amount of rainfall from the container in which swn water is collected. The recording 1y
rampaune may be thres types.

Types of Recoding Type Raingaut-

(i Wenghing Bucket Rangawoe:- This type of mngauge consists ol a recely
bucket which is placed on pan. The pan 5 agaledfiwith soma weighing machanism,
pencl amm is pivoted with the welghing mechanisrmeuch a way that the movemant af
bucket can be traced by a poncil on the mavingriiog drem. Sa, when the wr is
collectad in the buckel the increasing waight ofasis transmitied through the pancil wh
traces a curve on the recording drum.the ran geepduces a grph of curmulative -fall
warsus time and hence it is some time called |ategy raingage, The graph is known as 1
mass curve of rain fall. '



[iil Tipping Buckel Raingauge =i consists of a circular collector of diametor S
i which the rain water 5 inibially collecied, Than water then passohrough a lunng

fitted 1o the circuksr collactor and gets colecindwo compartmeant tipping bucket pvod
badow the funinel, (Rgura),

When (.25 mm rain water is collscted in one budkeh it tips and dischanges |
water in a resenoir kept below buckels. A the same time tha other buchket & Cimaloy
the funnel and the ramater goes on collecting in it. When the requiamount of raimwate
is collected, it also tips and discharges the watsshe reservoir. In this way, a circu
Fiction isgeneralad by the buckels, This circular motiomasdmitied (0 8 pen of pen
which traces a wave llke curve on the shest mounied revobving drum. The total raink
may be ascertained Irom the graph. There i aniopamih stopoock at bobom dhe
reservoir for dischangng the collected rainwaBiomelimes a measuning ghass IS provioe
warify the results shown by the gra



[ii} Float Tvpe Haingaugs -kn this type rain gauge a funnal is provided at erd of
rectangular container and rotating recording dnesdnism is provided at tha another end.
rain water anters the contamer through the funbdlost is provided within the contain
which rises up as the rain water gats colleciedeth®he fios consists of 8 rod whic
containg 8 pan arm for recoding the amount of allimdn the graph paper dropped on
recording cnam. |t consists of a siphon which stlenctioning when the ficat rises 1o s0
definite height and the container goas on emng gradisally

ign_of Site lor Baingsugs Statice The following points should be consideng

while ssbecting & sae for rain gauge statlo

a) The site should be on levael ground and on opensspisshould never be shopl
graund,

b) The sile should beugh that the distance between the gauge statiortnabject:
flike trese, building etc) should be alleast twibe height of the objec

) In hilty arma, where absolutely level ground is sshitable, the sie should be
sekocted that the station mbe well shielded from high wind.

d) The site should be easily accessible 1o the obs

8) The site should be well protecied from catiles inedencing



Ch-2.4
Run-gff.-

Runcdl or Surface run-oll in hydrology, the quayald water discharged In surface
streams, Runoll includes not only the walers thede over the land surface and through
channels 1o reach a stream but also imlediow wher that infilirates the soill sudace and
traveds by means of gravity toward a siream chadmalays above the main groundwater
level) and sventually empties into the channel. Mmiso inchides ground waler that s
dischamed Into a stream; stream llow that is comgosntinely of groundwater is larmmed
basa flow, of fai-weathar funolf, and & occursanh a stream channel intersects the watar
table.

The total Runoff = egual to the Tolal precysintibess the losses caused by
evapotranspiration (loss wo the atmosphere frofesmisces and plant leaves), storage (as n
temporary ponds) and other such abstractions.

Catchment Area:-A hydrological caichmend (s defined as the arclaadl point (usually 1he
sea). A hydrological catchment can vary widely iesand other characteristics such as
hesght above sea level, slope, gaclogy and langamkmay contain diferent combination of
freshwater bodies (surlace water and ground wamhicoastal walers.
Estimal { Flgod Disct 2
Tha flood discharge may be astimated by the beleationed methods.
(a) Dickaen's Formula
Q= C X A™
Where Q= Dischargh in cumec
A= Calchment area n 5q, km
C=a constant depanding upon the faciors affedeeg dischangs
= An average value of C considered as 11.5
(b} Ryve's Formuda
G=CXA®
Whera Q= Discharge in cumec
A= Catchment araa i sq, km
C= & constant
™ An average value of C considerad as 6.8
Gh-g2
Hydrograph-
The hydrograph is a graphical representation otheharge of fver (in curmec) agasnst the
fire (in b oF days), The discharge is ploded mirate (y-axs) and the time is plofed as
abscssa (x-axis).
During tha dry saason, thera is only basa flow @reund Row) but no surface runol, This
may be shown by a Ere which is approxirmately ghilnot shown in the figuna),
In rainy season, at tha beginning of the rainklre is only basa flow {shown by the line
AR} After some period, when the initial losseskdl inferception, evaporation and
infiltration} are lulfiled, the surfsce runcH sia and hence the discharge of nver goes

)



imcraasing. Hance the imb of the curve rises whs callad rising limb {shown by the li
8C). This line reachas o the peak vales at 'Calgwhen the main slops, the flow in |
river decreases and the limb of te curve declifisE [imb i known as recession Bmb
shown by the ling COL The disarge at the point C indicates the maximwem disch
{Lepeak discharge or flood descharge). The osabander the curve ABCDE indicates
total runoll, But this run off includes the bases and the derect nundll, S0, 1D Qét the &c
runilf thie bae flow s 1o be dedutied by separating it iromitotea

| B | N it ] May #

A unit hydrograph may be defned as a hydrographchks obtained from one cm
affective rainfall {iL.e. ruoedf} for unit duration. Here, eftective rainfall mees the raiall
excess (Le. rundt] whach directly flows 1o the rver or streambd unit duration is the paric
during which the effective rainiall is assumed edniformly distributed, The unit durath
may be conssdered as 1 hr, 2 hr. 3 he, 4 by, ... Bclo example, | & hydrograph
prepared for &3 effective rainfall of one cm lagior 2 hre, then it is known &8s 2 o, ©
hydrograph, lor the duration of 3 hes i known gwr 3nd hydrograph jas sowon in the fig

or T T




Congept of Unit Hydrograpfc - The unit hydrograph theory & based on the conoegitiat

it two kdentical storms occur on 8 drainege basahwdentical conditlon, then wnd
hydrograph of runoff from the two stoems may beanted as same, This concagtion of unil
hydrograph was fiest given by LK, Sharman in 1932,

CHAPTER 3



CHAPTER-2
WATER REQUIREMENTS OF CROPS

3.1 CROP SEASONS:-
The perod during which some panicsiar Iypesopa can be grown avery year on the sams
land is known as crop seasons. The fofiowing asambin crop ssasons.

Kharif season: -this seasons rangeas from June to October, Tha amgssown in the
vary baginning of monsoon and harvestad at theokaaghemn. Ex- rice, millat, jute,
groundnut, et
Rabi seasons: this sesson ranges from October to March, Thescasp sown in the
vary beginning of winkter & harvested al the endpling, Ex- wheal, gram, mustard,
anian, ete.

3.2 DUTY:-
Thie duty of water is delingd as numbsel of hoctivak can be ingated by constan
supply of waler at the rate of ong cumes througiiesbase period.
It is exprassad in heclaresicumec.

It s denoted by "0F,
The duthes ol SOme COMMon Crops ans
Crop duty in hectares/cumes
Rica SO0
Whaai 1800
Cotton 1400
Sugarcane 800
DELTA:-

Each crop requires certain amount of water perdeedor iis maturity, i is the todal
amount of water suppbed to the cropifrofiviatering to last watering) s stored on
tha lend without loss, then there will be a thiadr of waler standing on the land.
This depth of water layer 15 known as delta.
It 1= dencted by .
It 5 expressed in cm,

Khant crop Deedta in cm




Rice 125

Maizo 45
Grotsnd not 30
Millat
Rabiorop dalta incm
Wheat 40
Mustard a5
Gram ad
Potato 75

BASE:-
Base penod s the whole penod from imgation erdknst watenng o prepanation of
the ground for planting the crop to k8 last wingelore harvesting,

It s dencted by "B
« It i3 expressad In days,
Crop Baneays
Rice 120
Wheat 120
Maze 100
Cothon 200
Supgarcans 320

Redation batwaan base duty and daltac-

Lat ,
D =chuty of water in heciaras/ Curmet
B =hase in days,

D =delta in m

Fram dafinition, one cumec of wates flowing contmesly for "B° days gives a depth of
waterD over an area D heclares, Thal s

1 cumeo for B days g over D/8 hectares

1 curmnec for 1 days givdlover DVB hectares

1 cumec-day =DVED hectare-metar



Again, 1 cumeaays = 1*24*60"60=86400"

B
delta () = 8.64

Where,

A=delta in meter

B=base penod in days
D=duty in hectares/cumac

Problem 1:- 8 channal i 1o be designed for imgatmg S00ames o khanf crop §
4000 hectares i rabi crop, Theter requirement for kharil & rabi ane 60 cm &
cm, respectively, The kor penod for kharf is 3eke & lor rabi s dweek:
Determing the discharge of the channal for which #o be designe

Solution:-

D=8 648/D

Discharge for khanl cro-

O=60cm=0_60m

B=3weeks=21days

Duty={8.64"21)/0.60=302 4 hectares/cu

Area 1o be mgated =5000 hectz

Required discharge of channel=5000/302 4=16.53¢

Discharge for rabl crop:-

D=25em=0.25m

B=dweoks=28 days

Duty=(8.64"28)/0, 25«67 .68 hectares/cu

Area tobe irngated =4000 hecta

Reguired discharge of channet=4000/867 68=4.13c



Problem 2:-- the command area of a channel 4000 hectares nilmsity of rmgation
af a erop is 70%. The cop requines B0 cm ol wisketS days, whan the affective
raintadl is recorded as a 15cm duning that perfiod,

a) the duly at the head of fekd.

b) tha duty at the head of field,

£} Tha head dscharge at tha haad of channal,

Azgume 1otal ksses as 15%.

Soluticn:-
Depth of waler required =60 cm
Effectiva rain fall =15cm
Depth of imgation water = 60-15=48%cm
Delta =45om=0.45m, B = 15days
From retationD =(8.64°B}D
Duty D = (864" 150045 =2E8 hectares/cumeac
a) So. duty at the head of feld =288 ha/cumec. Duthiniosses of watar the
duty at the head of the channal willl be reduced: sses arne 15%.
B} So, the duty a1 the head of channed = 288" (B5/ %3 80 hecticumec.
&) Total area under crop =4000 * (TOM100) =2800 hect
The discharge ai the head of channal = ZB00/244 838 cumac,

3.3 GROESE COMMAMND AREA:-
The whole area enclosed between an imaginary beylda which can be Included

in an irfigation project for supplying water to agitural land by the natworks of

canal is known as gross command area. It intludeis the culterable & unculturable

@res,

unculturable area -

tha area whare the agriculture cannot be done & cannot be grown is known as
unculturable area.

culturable araa:-
the area whers the agrculture can be done sdtefss known a5 culturable area

CULTURABLE COMMAND AREA:-



The 1otal area within an irigation project whae tcultivation can be done & crops
can ba grown is known as culturable command amgainac.ca may be ol two
Caleganes,
a) Culturable cullivated area- it is the area within c.c.a where tha cullivatio
has been actually done at presant,
b} Cuturabde uncultvated area:- it i the ama within cca whare the

culvaton 5 possible but B not Deing cultivated present due 10 Some
ragasons.

INTENSITY OF IRRIGATION:-

Thea total culturable command area may ot be atker at the same ime ma
wiar due 10 Vanous reasons. Some area may rermEel overy yoar, Agan
Vanous crops may be cultivated in the culuturatdenmand area. So, The
intensdy of irrigation mey ba defined as & rath asltvated land for &
particuar crop 1o the total culturable commandiane

It is expressed a8 & parcentage of c.oa,

FIELD CAPACITY:-
The field capacity is defined as the amount of mmxn moistere that can ba held by

the soil agamst gravity.

PERMANENT WILTING POINT:-
It is delined as the: amount of mosture beld by wech canndl be extracted by the

roots for transplration, Al thig point the wiltind the plant occurs. It s also exprassed
in percentege,

FREGQUENCY OF IRRIGATION
The imgation water is appied (o the field tosaiths mosture contant of the soll up

19 s fiekd capacity. The appication of watetisen stopped. The water content also
reduces gradually dus 1o ranspiration and evapseall thae moisture conbent is
dropped below the requesite amount, the growthhed plants gets distubed, S0 the
minsture content requires to the mmediagtely rapherd by imgetion and it should



be raised to the field capacity, The frequancyrofation showld be worked out in
advance so thad it can be applied in proper inkesrva

a. The frequency ol irrigation may beé ascertaingthin Telloriing BxXpressions.,

T I—

whre, Dw = Depth of water to be applied in eachewag,
d = Depth of root zone

Ws= Linét wt. of soi;

W = Unit wi. of water;

Fe = Fiald capacity;

M = Optimum moisiure comtant,

b, fw ==

Where, Iw = Frequancy of watanng;

Dw = Depth of water to be applied in each wataering:
Cu = Dady consumptive use of walar,



CHAPTER 4
FLOW IRRIGATION
DEFINATION:-

Tha irrigation system in which the water ows undgasity from the source 1o
agricufiural land i known &3 flow imgation

PERENNIAL IRRIGATIOMN -
In this irigation water |s availablo throughl tyear. Hydrauolc struciures an

NEBCESSANY ACIOES Ehe mver [oF raising the wiaked be
Large anea can be includad under this system

«  MNeghoile silting takes place In the canal bed
TYPES OF CAMNAL -

1. BASED OMN THE PURPOSE:-
Basad on tha purpose of sarvica, the canakd Bgees

a) Irrigation canal- the canal which is constructed 1o carry water fibmsource to the
agricultural land for the purpose of |rrigatorkisown as irmgation canal,

b} Mavigation canal-4he canal which is constructed lor the purposaiaing navigation
is known as navigaton canal,

c} Power canalthe canal which ks construcied to supply water wishy high force 1o
Ihe hydroglectnc power staton for the purposmoling turbing o generate slectric
power |5 known 85 power canal.

d} Fasder canal-the canal which s constructed to feed anothaalcanmver for the
purpose of Fmgation or navigation & known asencanal

2. BASED ON THE MATURE OF SUPPLY:-
Based on the nature of supply the canal ane 2 types

&) Inundaton canal- the canal which i excavaied rom the banks oltbedatbon
river 1o carry the water to agricuttural land Wi season only s known as

b} Pergnnial canaldhe canpl which can supply water 10 the Sgriculikmd
throughout the year is known as perenmsl canal.

3. BASED ON DISCHARGE:-
According to discharge capacity the canals are



a) Main canal-the large canal which 15 taken directly from theadiion head work or
from the storage o supply water 1o the neteorkhel small canal is kndwn as main
canal,

b) Branch canal4he branch canals are taken from elther side ofreisn canal
suitable points so that the whole command areatmpovered by the network

cl Dhsthibwiory chanmel- thase channels ane taken Irom the branch canaladply
waler 1o differént seciors.

d} Field channal:- these channeis ane taken from the oullets of Eeitory chianne
by the cultwatars 1o supphy water 1o thes owndain

4. BASED ON ALLMGNMENT -
Depanding upon the alignment the canal are follgweaes
a) Ridge of water shad canal the canal which is alignoed along the ridge Emanown

a5 ridge canal.

b} Contour canal- the canal which s aligned approximately paraiethe conbour
linas is known as conbour canal.

¢} Side siope canalthe canal which is aligned approximately at rightgle 10 the
contour lines is known as side slope canal,

CANAL SECTION
TERMS RELATED TO CAMAL SECTION :

1. Canal bank

& Barm

Hydraulc gradisnt
Courter berm
Fres board

Side slope
Serace road or NSpacton road
Dorwrad or Dowla

, Bomow pa

10, Spoil bank

11. Land wih

BB Ne B s
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CANAL BANK:
Tha canal bank is necastarietain waber in the canal to the full supply

levisl, According to diferent site condiions thark of the canals ane two fypes.,
(&) Canal bank In cufting .
The banks are constructedioth side of the canal to provide only a
ingpection load. The side siope will be 1.5:1 & @cording 10 the nature of Soil
(b} Canal bank in lull barddng:
Both canal banks are comsémk above the ground level. The height of
the bank will b= high and the section will be ladye to hydraulic gradient.

BERM:
The distance betwean toghafbank and the lop adge of the cutting & called

barm
Thi berm (& provided lor following reasons:
{a) To protect the bank from enosson,
(b} To provida a space for widening the canal secticioiure if necessary,
(e} To protect the bank from sliding down Iowands il Section.
{d) The s deposstion an the Derm makes an imperiinisg.
(e] If necessarny borrow pit can be axcavated on thenbear

The widih of the barm varies from D o 20, wheresDine full supply level

HYDRAULIC GRADIENT
When water i retained by the canakbiive seepage occurs through the body of the

bank. Due ko the resistance of soll, the saturdien foems a sloping ling which may pess
through countrysida aof tha bank, The sloping lmbnown as hydraulic gradiant,



S0IL H.G
Clayey sod 1.4
Sandy sod 1.6
Allunial soal 15

COUNTER BERM:
When the water is retain by & canal hekwdraulic gradient line passes through the

body of tha bank. Tha gradsent should not inenrsesioutar side of the bank, It should pass
thraugh the basa and a minimum oover of 0.5m shobddys be masmtained. i may ocour
that the hydraulic gradient ling Intersect the patde of the bank in that case a projection 1s
prowided on the bank to obtain minkmum cover, Brgection is known &5 countar berm.

FREE BOARD:
It is the distance batwesn the full sygdelel and top of the bank. The amount of free

boand varies From 006 m o 076 m.

1 i provided for the following e
(a) To keep a sufficient margin 5o that the canal welters nol overtop the bank.
(b} To keep the satuwation gradiant much balow theofdbs bank

SIDE SLOPE:
The side slope of the canal bank andiceection depends upon the angle of repose

of the soil existing on side, S50 o determing thie slope of diflerent sections tha sall
sampla should be colacted from the site and shoellstod i the soil festing laboratory.

Pammigsibie side slope 1or some Soil

Types of soil| Side slopa in cutting| Side skops in ban
 Clayey s | 11 1 4:1
Auvial soll | 1:1 21
L =andy loam | 1 a1 21
Sandy 50d 21 31
SERVICE ROAD:

Thee road is provided on the fop of thaatabank for inspection and maintenance
Wik = Known 85 service rosd of inspection rosot @ain canal the service road Bre
prowvided on both side of the bank but for branoket#he road is provided on the bank only.
Tha width of tha senice road for main canal vakesn 3-4 m. But linally these roads serve
the purpose of communication between dilfereningiis.

DOWEL:



The protective small embankment which mwided on the canal side of the sarvice
road for safety of the vehecles playing on it BEolkm as dowal of dowta. The fop width is
genarally 0.5m and the height above tha road Busioot 0.5m,

SPOIL BANK:

When the canal is consiructed in pookogithe excavated earth may not be sufficient
for formang the bank. In such case the extra erieposited in the form of small bank
which is known as spod bank. The spol banks amiged on ong side or both side of the
canal hank dependng upon the quantity of exirthesnd available space, The spoil hank
are not continuous sulficient space are lelt belwiee adjacent spoil banks for propsr
drainaga.

BORROWPIT:

When the canal B constructed in wesly cutting and partial banking, the
excavated earth may not be sufficient for formibg teguired bank. In such case, the extra
earth rogueted for the construction of banks mmbrom some pits which are known as
borow pis. The bosmow pit may be insde or oussal the canal. The maxmum depth
should be 1m. The excavation s done n a no oiepid ving a gap betwean them, The
gap is ganarally half of the lengih of each borpik
LAND WIDTH:

The total knd width required lor constros of canal depends wupon the nature ol site
condifion. Such as fully in cutting of fully In bleng or partially in cutting and partally in
banking. Ta determina the total width the followidgnension should be added.

(&) Top width of the canal.

() Twice the berm width.

(g} Twice the bottom widih of banks.

{d} A margin of ona metsr from the heel ol the bankboth sides.

(8] Width of the oxtemal bomow pit il any

i A margin of 0.5m lrom thé outer edge of borrow pit both sides, Il extemal

borrow pét becomes Necessary.
BALANCING DEPTH:

It thir quantity of excavated sarth barfully utlized when making thie bank on both
side then that canal section I8 known as econcesion, The depth of culting for the idle
condition = known as halancing depth.

SKETCHES OF DIFFERENT CAMAL CROSS-SECTION:-
Canal in full cutting:-
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canal in partially cutting & partially banking:-
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Fig. .3 Canal in paral cutling
ond partial barking

canal in fully bankin:-
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CAMAL LINING
OBRIECTS OF CAMAL LINING :
(a) To control seapage,

(b} To prewvent water kapging,

(€} To increase the capacity of canal.

{d) To increase the command araa,

(o) To protect tha canal lrom damags by Rood.
{1} To contral the growth of weeds.

ADVANTAGES OF CAMAL LINING

{a) It reduces the loss of water due 1o Seepage ammbhibe duty is enhanced.

(B} M controls the water kogging and hence the basosl of waler logging are eliminsied,
{c) it provides smooth surface and hance the velofifioo can be Increased.



(d} Due 1o increased velocity the discharge capaciy ginal is also increased.

(&} Dua {0 increased walocity, the evaporation losa bl reducad.

(N R elimirates the efect of scouring in the canslih

(g} The ncreased velocity ebminates the possibilbging in the canal bed.

{h} it controls the growth of weeds along the canaksand bed.

{1} It provides the stable section of the canal

i} h reduces the requirement of kand width for theakibecause smallar section of the
canal can produce greater discharge.

(k) B prevents the sub sod salt to come In contath e canal waber,

{1} K reduces the mairtenance cost of canals,

DISADYVANTAGES:
{a) Tha initial cost of canal lining is very high

(b} It take too much tima 1o complta the project work
fe) It vwolves mach dilficahies for regaining of deged sectsn of lne
(d) It b=comes difficult i the outlet Gre requirediie shifted or new outlet Bre requred 1o

be provided
TYPES OF LINING:
The following arm the types of ining eoling to their site condition
(1] Cemant concrade lining
(2] Pra-cast concrete lining
{3) Comant mortar fining
(4) Lime concheta lining
{5} Brick lining
{6) Boulder lining
(7] Shat crete lining
(8} Asphall lining
{5 Bantonite and clay kning
(10) Soil-carmant lining

1. CEMENT CONCRETE LINING



This type of lining isceemmended for canal in full banking. It is widaly
accepted as best imparvious lining. The velocitfiol may be kept above 2.3 misac, It can
eliminate cormgiletely growth of weeds,

Following are the steps for cameant camcining. ..

(A) Preparation of sub-gracs
The subgrade is prepared by rammingsislnce properdy wih a layer of

sand{aboul 15cm) . then & slurry of cement and W) B spread uniformly over
tha prapared bad.

(B) Laying of concrete ;
The cement concreta of grade M1Speead uniformly according 10 desire

thickness (100-150mm), alter laying the concratmpped until the shurry comes on
the top . then the cunng s dons for two weeks,

2, PRE-CAST CONCRETE LINING :
The lining ks recommended for denal in full banking, 1t consist of pre

cast concrate slabs of size (60om*60cm*“5cm) whish=st along the canal bank and
bed with cement mortar (1:6). A network ol Bram disd 1 provided in the slab with
spacing 10cm centre of centre. Expansion jcentpime provided, The slabs are set n
the following saqguencs,

{a} The sub grade is preparad by propedy rammingafiesth a laver of sand.

{b} The slabs ane stacked as per astimate along teeaoldhe canal

(€) The curing is done Tor 8 wiek,

3, CEMENT MORTAR LINING
Thes type of lining is recommandied the canal Tully in cutting whare

hard sod or ciayey soil s available, The thickned cemant monan1:4) is generally
2.5cm. Thia lining B impervious, but s not dusblThe curing should be done
property,

4, LIME CONCRETE LINING
¥Whean hydeandic lime, swrkhi and bricdibst are avadable @ planty along the

courge of the canal of in the vicinity of the imga project, then the lining of the
canal may be made by the lime concrete of proportol'6, The thickness of
concrate vanes from 150mm to 225mm and the cusiwguld be done for longer
period. This lining s less durabla than the cersemtrate Bing.



5. BRICK LINING
Thes Bining s prepared by douldgers brick fiat soling laid with cement

martar (1:6) ower the compacted sub grade. Tha fess bricks should be
recoimminded for the work, The cufing should be dprepedy. Tha lining is
prefemed for lollowing reasons

(&) The lining is econcmical

(b Work can be done vary quickly

(¢} Repair work can be done easily

(d) Brick can be manufactured from the excavated emmil the sile

DISADVANTAGES

fa) It is comgdetaly mparnaous

() It has o reSSEncs SHalns rasitn

() It is not 8o much durable

6. BOULDER LINING
In hilly areas whare baulders are available in plenty, this type of
firmng 15 generally recommendad. The boulders ad In singhe or double Eyer
maintaining the shops of the banks and the lovelhef canal The ning is very
durable and impendows, But the transporting cdsmateral & very high. So &
cannot be recommendad for all casas.

7. SHOT CRETE LINING
in this system, the cetmortar i directly apphed on the sub grade

by equipment known as camant gun, The mortar madas shot crate and the lining
i5 known a8 shot Crate lining, The process s Bemwn as guniing, as a gun is usad
loe laying the mortar, The ling is done in two ways

(A) By dry mix :
A mixture of cement and mois! sangeepared and boaded in the

caemant gun. Then it & forced theoogh the nozzighefgun with the help of
comprassed air, The motar spreads over the sule geea thickness which
varies from 2.5 om 1o 5 em,

(B) By wet mix :



10

The mixture of cement sand and wegmepared according 1o the
approved consistency. The mixture is aded ingbe and forced on the
sub-grade. .. This type of lining is very costly dedol durabie,

ASPHALT LINING

Thiz lining is prepardey spraying asphall a1 a very high
lemperature [about1507) on the subgrade o a ks from 3mm o Smm. the hot
asphalt whan becomes cold forms & water prool mambover the sub grade. This

mambrane is covered with a Biver of sarth and grTne lining is very cheap

BENTOMNITE AND CLAY LINING
A mixiure of benomed clay ane mixed o gather to form-a sticky

mass. The mass s spread over the sub-grade (oalesmpansous membrans whach
i5 affectve in confrolling the seepage of watar B cannot controd the growih of
waads, This lining 15 recommeandead o small chasnead

SOIL-CEMENT LINING
Thig lining is preparedivi mixtuee of Soil and cemant, The useal

quantity of cement B10 percent of the weight of aoil. The sod and cement are
thorouwghly mibeed 10 get an uniform texture. The mie & laid on the suface of the
sub-grade and d Is made thoroughly compact, Thediis efficient o condrol the
seapage of wiater, but it canntt contral the grsttiveeds. 50 this is recommanded
for amall channeds anly.

SELECTION OF TYPES OF LINING

(A) Impeniousness
{B) Smoothness
{C) Durability

(D) Ecanamy

(E) sitecondition
(F} Lite of project
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Any hydraulic structure which supplies water to i-taking canal 15 called
headwork. Head work may be divided into two classedh a:
{a) Diversion Head Work and (b) Storage Head V
{a) Divarsion Hoad Work @ A divession head work is that which divent 1
requingd supply into th canal Tram thi i
ik} Storage Head Work A storage head work ts the constructon of a demas
the river. It stores walar during the panod of e supplies in the rivers
refeases it when demand overtakes available sup
Mecessity of Diversion Haad Wiork
(1) The necessity of diversion head works in the IiMge projects is to divert the riv
water into the canal and & constant and continmoier supply i ensurad I the
canal aven during the periods of low f
(2) It controls the sill @ntry into the car
(3) It rames the water level in the nver so hatdbenmanded area can be incres
(4] It reduces fluctuations in the level of supply e river
(5) It repdates the iske of water info the can
(B) It stores water lor liding over small penods obarsupplies
General layout and different pan of a Diversion Hied Work




{ Flg. 1Layout of & diversion head work)

Divide Wall : A divide wall is constructed parallal to the dkect of flow of river 1o separate
the wasr section and the under slulces sectiondaEacross flows, B thers ane wundar sluices
at both the sided, thene are 2 divide walls.

Scouring sheces Provide adiacent 1o the canal head regulator ghibelablo to pass fair
wiathar low for which the crest shutters on hir wiopar nesd nol be dropped,

Fish Ladder : A passage provided adjacent to the divide waltarweir side for the fish to
traved Irom up stream 1o down stream and vice wiflh migrate upstream of down sirgam
ire search of food of to rich their spreadeng places

Guide Banks : Guide Banks are provided on either side of theslien head work lor a
amooth approach and to prevent the rver from soliing,

Marginal bunds | Margnal bunds are provided on either sads of deer up stream o
divarson hoad works b0 protect the land and pegpahich (s likely 10 ba submarged during
ponding of water in floods.

Head regulators - A canal head regulator is provided at the hestetanal off taking from
the diversion headwork, Il reguilsties the supphwaler into the canal, contrals the antry silt
into the canal and prevents the entry of riverdioedo caneal,

A diversion head work is lurther divided in to hparts:
fa) Wenr :

The weir I8 a8 solid obstruction put across therrk®raisa ks water level and
dirviart thia waber in b the canal,
Here the water level |8 raised up 0 (he requireiitt and the surplus waler is
aliowed o fiow over the weir.
Generally it is constrected across an inundatiearniWears are commonly usad
10 aker the Mow of rivers to prevent flooding, meere discharge and halp render
vers navigable.
It & weir also stores water for tiding ower smalripds of shor suppliss, It s
called a storage wair,



The main diference betwesn a storage weir and & damlisin height and th
duration for which the storage s stored A damresicthe supply for
cormfparativaly Knger duratic

(Mhg.2 Vertical drop wier)

(bjBarrage :
The function of barrage igmdar 1o that of & wer but the headng up of wais

eftecied by the gates alo

It conmsists ol a number of large gates that camfened or closed to control ¢
amount of water passing through the structure hod tegulate and stabilise rh
wialer.

Mo solid obstruction is put across the river, Thestleval in the barrage s kept &
low level. Dunng the floods the gates are rasssciear off the high Mood leve
enabling the high flood to pass downsiream withimian afflux. When the fioc
recedes, the gates are lowared and the flow imubet, fhus raising the water e
1o the upstream ol the barra

Due to this, there is less silling and belter miniver the level



Gated over entse length Shuttars in parn length

Gates are ol greater hasgh Shutters are of smaller hasght
Gates are raised clear off the high Shutters are dropped 0 pass
foods floods

Perfect control on river flow Mo controd of rrver in low floods
Longer construction period Sharter construction penod

Caostly structura Relatvely cheapar siruciure

St removal is  done 1hrmT Mo means tor silt disposal

under sluice

Functions of Regulatory structures ;
A regulatory structure s provided at the head hd oif- taking canal and serves the
fallowing functions,

(1) It regudates the supply of water entaring the canal

(2) It controls the entry of st in the canal.

(3) It prevents the river fioods from entering the dana
Head Regulstors and Cross regulators

Head requlators and cross regulators regulatedpplies of the off-taking channal

and parent channel respectively. The disinbutasydveguiston is provided at ihe head of the
disiibutary and controls the supply entering dstributary. A cross regulator is provided



on the makn canal at the down stream of the clii-tekhead up the water kevel and to enable
tha off-taking channed to draw tha requinsd supgdy.
Functions of distributary head regulatons |
(1) These regulate orcontrod the supplies 1o the disgrcanal,
(2] To control st entry o the off-take canal,
(3] To serve as a meter for measuring discharge.
Functions of cross regulators ;
(1) To efectively control the entire canal irigatspstem,
(2] Whan tha water leved in the man channed is lownalps 5 headng up watar on the
up stream and o fead the off-take channels ta thikidemand in rotabon,

Falls -

mgaton canals are construdtéd with some pessisshed slopes so that therg s no
giltsng or scounng o the canal bad, Bul it is mvays possible 1o run the canal at the
desired bed slops throughout the allgnmant dubstdlactuating natwe of the country shops.

Generally the shope of the natural ground surfagendt uniform theough the
abgnment, Sometimes the ground surlace may bepshes sometimes i may be very
iregular with abrupt change of grade.

In this case * & vertical drop Is constructed asmacanal 10 lower down its watar
level and destroy the surplus energy libarstad lthen alling water which may stherwise
scour the bad and banks of the canal. This |3 #soevoid unnecessary huge earth work in
filling, Such vertical drops are known as Candslel Falls simphy.”

Types of Falls |
The lollowings are the differend types of canalEl
i Oogee fal :in this type of falls, an ogee curve | & combimid! convex and
conceve curve | i provided for camying the camaler from higher level 1o
krwar beval This fall is recommeanded when the mltground surface suddanly
changes to a steeper siope along the alignmehiectanal, The lall consists of o
concrete verlical wall and concrele bed,

i/
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ifig.4 Oges fall)
()  Rapid fall © The Rapid fall is suitable when the slope of thaurel ground

surface is aven and long. It consists of a longesin glacis with longitudinsd
slope which varies 1 in vertical 1o 10 = 20 In Bortal Curtain walls are
provided on the upstream and downstream sade oflipping glacis. The siopeng
bed & provided with rubble masonry. The mascnnkape s finishas with fch
cament martar (1:2).

e R L UL I T A e
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{Fig.5 Rapid Fall)

(M) Stepped fall ; Stepped fall consists of a seres of vertical dripthe form of
steps. This 1a |s sultable in places where tepisl) ground |s very long and
requires long glacis to0 connect the higher bedl el lower bed kevel. This fal
i practically a modificatson of the rapid fall. Flsloping glacis is divided into a
number of drops 50 that the following water maysmdse any dmage to the canal
bed, Brick walls are provided at each of the drops.



(Fig.6 Stepped Fall)

iV}  Trapezoidal North Fall :In this type of tall & body wall |5 constructed aas the
canal The body wall consists of several rapedmidichas between the side plers
and thae intemmediate pier or phers. The sills af idiches are kepl at the upstraam
bed level of the canal,

(Fig.¥ Trapezoidal natch fall)
(V) Glacis type fall The glacis type fall utiised the standing wave qdmenon for

dissipation of energy. The glacis fall may be ghbiglacis or parabolic glacs
Iyp,
Enatgy dissipaters :

The waler flowing over tha spillway acquires a dbllinetic energy by 1he tme it
reachas near the toe of the spillway, The armangemanade to dissipate the huge kinetic
anargy and the velocty of water is reduced ondbmrnstream side near the toe of the dam.
This arrangemant s known as engrgy dissipaters,



Canal

Dutkss -
An oudlat is & small strectune which admits wawerd the distibuting channel to a

water course of helkd channel, Thus, an outhel 48 of head regulalor for the field channal
dedvering waler 1o the imgation Niekds.

Types of Outlets -
Chtlats may b classilied as 3 typas :

(1)
(2
(3]
1)

2

3)

Mon modular outlet

Sems- module or Flesble Module

Rigid module.

Mon modular ouflet A non moddar outhed 15 the one In whech the disgea
depends upon the difference In level between themdavels in the distributing
channel and water course, The dischange throuds ssoullel vanes in wide limits
with the fluctuations of the water levels n thasdbuting and field channels, The
commaon axamples under thes category are : Submaripediouthe. masonry shsce
and Orifices.

Semi module or Fiexible module A flexible cutlet or Semi module outkets the one
i which the discharge 15 afected by the flucssi in the water leval of the
discharging channal while tha fluciuations in thaber levels of the Teld channel do
not hawe any effect on its discharge.

Exampla:- Pipe Outlet, Kennedy's gauge outlet, Ry opan flume outlet etc,

Rigid Module “- A& rigid module is the one which mamtains considrechange,
within bmits, irespactive of the fluctuatons water levels in the distibuting chanmiel
or lield channel, Example | Gibb's Rigid modute.

CANAL ESCAPES ;-

Canal escapes 5 definad as an channel meantdmathoval of surplus or excess

walnr from the canal into nearby drainage. Thefonaerved by canal escape ane

(i
(i)

fiif]

Salety vaive 1o protect the canal against possiieage by Booding.

Emptying of the canal reach, below the escapes#bor weed removal, repsirs
and maintenancea.

Parndical Hushing ol the sill prone head of ssithrough the escape.



(Fig.8 Canal escape)

Depending upon the purposs, there can be 3 typescabas such as |

a) Canal scournng escapes

b) Surplus escapes

op Tail escapses
Canal scouring escapes The Scoufing ascaps is constructed for this pupbsecuring off
excess sl from tme o e, Escapes afe alsaloooted to dispose off excess supplies of
the parent channel. Excess supplies in the cakalface eithes during heavy rains of due 1o
the closure of canal ouflet by the farmers. In esse, the escapes save the down siream
soction of the canal fram overfiow of banks.

() SOOI SECAiS OF WA E mi

{Fig.9 Scouring Escape)

canal surplus escape may be wair typa, withcisat of weir wall at
level



Tail escaps -A tail escape is required F.5.L. at tall end. Ehacture is wair typa with its
crest level at the required F.3.L. of canal atalsand.
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A Cross drainage works &8 & structure canmying dieshange from a natural stream
across a Canal intercepting the stream,

OR

Canal comes across cbstrechion like rivers, naideains, and other canals. The various
typas of struciure that ate bull fo0 carry the tamaier across the above mentionsd
obstructions or vice versa afe called cross dreimemrks.

There are many ddterent factors invahed in selecol & specilic type of cross diainage
works and in selectson of & suitable site for crosmnage works. |t = generally very
cosily item & should be avonded by

Devrting O Straam imlo another,

Changing the alignmant of the canal, so that i&ses below the junclion of two

Eireams.

NECESSITY OF CROSS DRAINAGE WORKS
The foliowing lacions justily the necessiy of alreinage works.

{al Al the crossing point, the watar of the canal drad drainage get intermixed, So for
the smooth runnéng of the canal with its dessprchlizge, the cross drainage works
are requined,

(o} The site condition of tha crossing point may beheseat without any suitsble
structure, the water of the canal and drainage aaba diverted to their natural
directions, So, the cross drainage works must beiged (o malntain their natural
direction ol fiow.

{c)  The water shed canals do not cross natural draliigen actual ofantation of tha
canal network, this ideal condition may not be ke and the obstackes like natural
drainages may be presont across the canal. Smrabe- drainage works must be
proviched for nunning the iengation system.



IYPES OF CROSS- DRAINAGE WORKS

The drainage water intercapting the canal can fEoded of in ethar of the following
WEYE.

{1} By passing the canal over tha drainage. The smexshat kall under this type are:-

fa)  An Agueduct
(&} Syphon agueduct.

(2] By Passing the canal below the drainage. The smsthat fall under this type ang

(a)  Super passage
by  Canal Syphon ar Syphon Super passacge.

{3) By passing the drain through the canal, so thatcsnel waler and drainage water are
allowed to indarmingle with aach othar,

Following are the structures under this type obsrarainage works:
(@) Lewel crossing.
by kit and oulled,

ERQPER SITE FOR DAINAGE CROSSING

The site selected lor the cross, Dreinage worksulghthave fhe following main
characianshes,

11] It should ba such that it requires menemum destadssragarding the approach and tail
reaches of the drainage channel,

{2} Suitabde foundation soil should be available atesabilo degih.

{3}  Sulficent headway is available lor the super stoeol the agqueduct oves the H.F.L,
ol the natural stream,

4] Sultabls existing topography, geological and hylicarondiions for cross drainage
wirks at reasonable costs.
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The hydrawlic structuse in which the imigation chisstaken over the drainage is Knowr
an agqueduct,
OR

Whan the HFL af the drain is sufficiently low the botlam under grawity, such type
structure 1S known as aqueduct, In this type oflepshe canal walar 15 taken across
dranage in a trough supported an piers, An aquadost Bke a bridge excepl that inst
ol caryng & road or & raflay, It cames a canal on is top. The advantabeurh
arrangemant |s that the canal, running pefennialhabove the ground and is opan
iInSspacton,

An aqueduct is provided when sufficient lavel dillece is availabla botwesn |
canal and natukalirainage. and canal bed level is sufficientiybegthan the larrent ey

Generally the canal s i the shape of a rectanguiech and somelsmes may
trapazoidal section, whech 8 constructed wih EOhe section ol the traugh 8 designes
pas the full supply keval of the canal. The heijfdaction of piers are designed accordin
tha highest flaod level and welocily of llow of tlessinage. The piers construcied may
R.C.C., stone masonty of brick masonry. Accordmdit availabilit of sod, the dapth &
type of foundation provided. Tha bed & banks obsisge s protected by boulder plichd

SYPHON ACUEDUCT
Inspection rosd
F ES.L

In case of the syphon agueduct, the HFL of thendmmuch hégher above the ca
bad, and water ranunder syphonkc acton through 1he agueduct Boetunnels. Hera
sloping apron provided on both sides of the crgesihe apron may be constructed
camenl concert or stone pitching, The section af dminage below the canal trough
construged with P.C.C. in the form of lunned or bameleidtunnel acts a3 & syphaon, -off



walls are provided on both sides of the apron et scouring diving heavy lood, Al
boulder peching should be provided on the ws dedil the cr-off wall,

The hydraulic structure in which the drainage isssag over tha irigation canal
known as super passage. It is reverse of an aguelusuper passage IS simdar to
aqueduct, axcepd in this case the ¢ is over the canal,

The FSL of the canal is lower than the undersidabel trough carrying drainay
water. Thus the canal water runs undaf the graWwhe drainage is taken through
rectangular or trapezoidal trough of channel whichonstructed orhe deck supported |
piers. The saction of the drainage trough dependiehigh flobd discharge, A free boarc
about 1.5 m. should be provided for salety. Thaghoshould be constructed of R.C.C.°
bed & hanks of the canal below the drainage h should be protected by boulder pitch
¢ lining with concrete slabs.




If the FSL of the canal is sufficiantly above thal evel of the drainage trough, so that
canal fliows under syphonic action ur the trough, the strecture i known as canal s
a Siphon super passage.

This struciure is reverse of an syphon aquedud. sEirbon ol the trough IS desigr
according 10 high flood dischargs. Tha canal balbwered and a8 ramp is provided a8
gndry & exit, s0 that the trouble of siling is rimzed. The sloping apron may
constnectad with stone pitching or concen sialre Bection of the canal below the toug
constructed with cement concrete in the form ohaiehich acts as siph, Cu-off walls ane

provided on ws & d's of the sloping apran o mmerecouring affect during hegh floc

LEVEL CROSSING

In this type of cross dramage work, the canal wake] drain water are allowed
miermingle with each othar. A level cross is generally provided when a large canal

hwige drainage (Such as a stream or & river) agpsmh other practically at the same k
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In this type of work, the drainage water is passsd the canal & then taken oul
the qposite bank, The work consists

I.  Construction of crest, with is 1op at the FSL bbcanal, al the ws juncti
wilh the canal,

I, Provision of the head regulator across the droissges /s junction with th
canal,

M, A cross regulator across the d at its df's junction with the drainag

A reguiator at the end of the incoming canal ke sismetimes require

When the drainage does not carry any water, selsigy s cosed while the cie-
reduiaior ol the canal is kepd opoen S0 that thakliows withowt &y intermugtion. Duri



the foods, however, the drainage regulator is epgeso that the flood discharge, &
spllling over the crest & mixing with the canal watpasses thaough i 1o the downsirear
thie drainage.
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In Case of crossing of @ small irgation channddve small drainage, no hydrau
structure 5 condtructed, because, he dischargethen drainage and the channel
practically low and these can bé sasiy lackled dagy sstem like el and outk
arrangemant, In this system an inlet & providathinchannel bank simply by opan cut |
the drainage wabes is allowad 1o join the chanfibln at a sutable point an the downstr
sida of tha channal an owtlat is providey open cul and the walar from the irrigation cha
is allowed to flow through a leading channel towstioe onginal course of the drainage.
the points of indet the bed and banks of the dgerare protected by stone pitching. The
and banks of # imigation channel betwean inlet and outlet poE®ould also be protect
by stone piching.

Accaording to the relative bed levels of the camal the rived of drainage, the byt
of cross drainageworks are generally sslected. Howewver, In acthmbdfi such idee
condifions may not be avallables and the cholce duhkn depends on following polr-

{a) The crossing should be a4 night angles 1o eachre

{b) Avaifabiity of funds.

(o) Suitability of sol for embankmen

{d} Position of water table and availabiity of dewingrequipmants



(2] Well defined c's of the canal or river or des@ should be available.

i)

i2)

i3}

(4)

Avadabdity of suitable loundation. -

For the constructson of cross drainape works sletdbundation |8 required, By
boring test, It sestable foundation iz not avalgtthen the Iype cross drainage works
should be salected according fo Site condition,

Economical Consideraton:-
mmm‘mnmmmmmmmmrmmmnmmmmu

the project cost and ovedall banalits of the pigjéo, the type of works should be
selected considering the economical point of view,

Discharge of the Drainage:-

Practically, the discharge of the drainage s wngenain in rany saason. So, the
structure should be carefully selected so thal Bymmot be destroyed dus 1o
unexpected heavy dischange of the river or drainage

Constnection Problems:-

Diflanen types of construcional probiems may el the sta such as sub-S0il watar,
consthechion mataerials, communication, availabdbland, atc, So, the typa of works
should be selected according fo the site candition.



CHAPTER-8
DAM

8.1 INTRODUCTION

A dam 5 a hydaulic structune of fairy iImpensommierial bult BCross a nwer
10 create a reservor on its upsiream side for imging water for vanous purposas.
It is suitable in hilly region where a deep gorgetion is available lor the strange
resanvoir. Thess purposss may be lmigation, Hyfreer, Water-supply, Flood
Control, Navigation, Fishing and Recreatson, Damsy e buill 1o meet the one of
the above purposes or they may be constructediihgiimore than one, As such, it

can ba classitied a5 Sngle-purpose and MulliptarBarn,

Tha dam Is meant for senmng multpurpose funciensh as,

(@) Irigation, (b)Hydroelectnc power generation)Riood control, (diWater Ssupply.
(®) Fishaery, (1) Recreation,

Weir and Barrage are also impervious bamers actbe river, Which are
guitable in plain terrain but not 0 hilly regicthe purpose of wair is ooly 1o raise the
water eval 10 some desired height and the purpbdsmage is 1o adjust the waler
level at diferent lavels when required These sdriulic structures are sultable tor

Crest The top of the dam struclure. Thess may in soomes bo used for
providing a rosdway or walkway oeer the dam.

Parapel walls Low Protective walls on aithar sida of the roaghen walkway on
tha crest.

Heat Portion ol structure in contact with ground aes-bed a1 upstream sida.
Toe Porion of structure in contact with ground oes-bed at downstream side,
Spilfway: It is the arrangament made (kind of passage) tematop of structura
tar the passage of sunpus! excessive watar lramdbervoir.
Abuimeants: The valley slopes on sither skde of the dam selvihich the left &
right end of dam are fixed to,

Gallery; Level or gantly sloping tunnel ke passage (dmabm Bke spaca) at
transvarse of longitudinal within the dam with dran Toor for seapage wator,
These ame generally provided for having space olling growtl holes and
drainage hobes. These may also bo used t0 accorenthninstrumantiaton for
studying the parformance of dam.

1l



Shuice way Opening n the structure near the bass, providedisar the s
accumuiation in tha resan

lllusiration of dam- pErs in a typlcal cross secis (click the imaseio vew il cleariy)

Fres board The space batwesn the highest level of waldedmésareoir and
top of the struciune

Dead Storage leve Level of parmanent storage below which the wailrmot
b withuchravam.

Diversion Tunnet Tunnel constructed to diven or change the dion of waler
o bypass the dam construction site, The hydrathecturas ara built whila i
river thoews through the diversion tune

SELECTION QF SITE FOR DAM
Whils sedecting tha site for & dam, the followinmgmis should be considere

Good rocky bundation showdd be availabla at the dam site. Tamre of the
faundation soil shoubd be examinad by suitabis ol 501l exploration

The fivar valley shoukd ba narrow and well defimedihat the langth ol the e
may be shom as far as possit

Site should be in desp gorge section of the valleghat lrge capacity sloma
can be formad with ranimum surface area and minickagth of dam

Valuable property and vaeluable land should not bbmeqged due o B
constructon of dam.

0 The proposedives or s tributanas should not carry large ooy of
sademant. If unavoidablie, the sources of sedmaniuid be located ar
necessany measures should be recommended totherasdimeni

The sta should be easily accessible by road dewag e the franspon ¢
gconstructicn matanals, aquipment’s,

The construction matensls should be availablssirmiicanay of the dam st
]



Sufficient space should be available near the tedhe constructon of lebour
colony, podowns and siafl quarsrs for the persbrassociated with the
constructicnal activites.

The basin should ba free from cracks. fissuwres tetavoid percolaton loss, It ks
dorne by physical verfication and other observatiol unavoidabls, the area

should be located and necessary measures shoukbbmmended 10 make the
area leak-prool,

From the rainfall ecords in the calchment areasopsical formulas the
maxmum discharge of the rver should be ascenbhmbather the required
gqueantity of water shall ba available or noL.

INVESTIGATION WORKS FOR DM SITE

The following imvestgation works should ba dondce final selection of dam sie
gnd the preparation of the project repor.

1. Preliminary Survey; the preliminary survay inecbass following steps.

(3] Reconnassance survey tha raconnaissance survay should be conducted for
the dam site and surrounding area o gather infoomaegarding the natural
featres of the area. natwre of dam sie, locabmbour colony and siaf
quarters, stack vard, dodowns, eic. the naturbedand and the localites in
the basin area should also be recorded. And ndexshould be preparad.

(b} Topographical survey: A topographical map I8 to ba prepared for tha
proposed projact ama by taverse survayng. Theetse survay may be
conducied any swtabls méthod depending on themafithe afea.

{e) Contour Survey: A contour map should be prepared for the basin mrea
determine tha capacity of the reservoir,

{d) Contour Survey: longitudinal leveling and cross-sectional levelmmpuld be
done at the dam site 51 leas! one km upstresmandsfeam of the proposad
centarfing of the dam. This is done to select thetmuitable dam site.,

2, Geological Sundeythe geclogical survey involves the following sleps

a Soil Survey: To work the nature of the foundabon at the dase. sboll
exploration should be done by suitable method, Skiescd formation should
b thorowghdy studied to determine the type of Gmmon for the dam;,

b, Study of lofmaton in basin area: Soil exploration should be done at
diffarant spod in the basin area (o ascertain e of sub-soil, This is done
b calcukate the probable percolation loss.

¢ Study of source of SedmentThe sources of sedments camead by the river
or s tributanes shoudd be studied and locatbdiips or areas of loose sod

L



with mica panicles are found, then the siabilosiof those areas should be
done.

. Hydrodogical Survey: it invodves the following steps:

a Gauge and discharge steThe gauge and discharge stations should be
astablshed near thie dam Site b0 record the digehal the fmae throughoot
ha year.

b Site analysis:In rany season the rver cameas heavy sil aliment. The
anakys al the sit should be carked oul throughthe season for some
speclic period O detarming grade of s, Thigdne 10 ascansin the possibie
sedimantation in the resarvoir and thus sutablihods can be employed (o
reduce the sedemantation.

. Communication Survey. The route survey for the possible communicatibn o
the dam Sike the neanesd highway of radway stahemd be done, | involves the
preparation of longitudinagl section and cross-seei along the proposed
aligramant, M is done o estirmades the cost of omon of this connecting road or
ralway lie, The possible route for telephone comiomtion and olectrical
connactons should also ba located.

. Construction Malenals Sursey: The availabdity of constrection materiale ke
stong, sand, alc. should ba located in the topbirapmap of tha concermed
district or state, The possible route lor carylhgse materials should also be
lacated in the rmap,

. Compensation Report, A detailed reporl should bBe prepared for the
compensation whech s Wkely 1o be peid by the gowsent during the
implementation ol the progect. This will includesthdam site, area of labour
colony and stall guariers, ares requirgd for cepmkis and Qodowns, valunbbs
lands and properies that may be submerged bystienoir, elc,

. Progect Report: The project involves the following steps:
a. Design and estimaie of dam and other alliad strasiu

b. Dwiaded drawings of dam section with foundationd anther busdings or
Struciures,

¢, Detaled estimale for the road of railway commustes
d. Comprehensive repor for compensation,

a. Tha projact is forwarded to the higher authontwhwiecommendation for
approval.

. The project is foreard 10 the higher awthornty withcommendation for
appeoval,



CLASSIFICATION OF DAMS:
Dams can be classified in number of ways. But roesal ways of classdication Le.
typeies OF dams are mentionsd balow:

1, Seorage dams Thay are construcied o Stone water during tmyrasasan when
there |s & large flow in the river. Many small dampound the spring runolf for
kater use in dry summens, Storage dams may alsadenm water supply, or
fmproved habitsl for fish and wildlile. They mapos water lor hydroslactnic
powar genaration, irigation or for a flood contpetyect. Storage dams are the
most common type of dams and in general the darmeemtorage dam unkess
gualfied otherwise,

2. Diversion dams A diversson dam s constructed for the purposedislining
water of the river into an off-taking canal (oranduit). They provide sufficiant
pressure for pushing wales into diches, canalether conveyance systems, Such
shorter dams are used for migation, and for diser from &8 stream 1o a8 distant
storage reservoir, It is usually of low height dak a small storage reservor on
its wpatream. The diversion dam s a sort of sesaegir which alac divens waies
and has a small storage. Somatimes, the terms amitsiversion dams ane usad
SYNONYMoUsly,

4. Detention dams Detention dams ane constructed for flood contfobdetantion
darm retards the Hlow in the river on s downstreduring floods By storing Some
flood walter. Thus the effect of sudden floods dumed 1o some exient. The water
redained in tha resenoir is e eleased gragests controlled rate acoonding 1o
the carmying capacity of the channal downstrearhal datention dam, Thus the
area downstream of the dam is protecied agairad fio

4, Debris dams A debnis dam 15 constructed 1o retan debas ssckand, gravel,
and drilt wood flowing in tha méar with water. Theater alter passing over a
debnis dam s refatively clear,

5. Coller dams It i an enclosure constructed around ihe coosbes e 10
exclude walar 5o thal the comstruction can be ooy, A cofter dam is thus a
temporary dam constructed for facilitating condam These structure are
usually constructed on the upstrgam of the main dardiven waler into a
diversson funnel (or channel} during the constoneed the dam. Whan the flow in
the mar during construction of hydraulic Strustsss not much, the site is usually
enclosed by the coffer dam and pumped dry, Somsatinecifer dam on the
downstraam of the dam is alkso regquired.



1. Gravily Dams: A gravity dam 8 a massive sized dam fabricameshl concree or
stone masonry, Thay are designed 1o hold back leolemes of water, By usin
concrete, the weight ol the dam = aclually ablesmet the horizomtal thrust of wa
pushing against it. This & why it is callad a gradam. Gravity essantally Ids the
dam down to the ground, stopping water from iogplimver
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b. Types of dam
i, Gravity dams are well suited forblocking rivers wide valleys o
e TONY CPOANgR Wiy S- Elﬁﬁﬂﬂfﬂ\ﬂl‘ﬂ'mlﬂimtlﬂﬁ-ﬂﬂﬂ weigh
to hold back watar, it i necessathal they are buill on a sol
foundation afbedrock
Examples of Grawly dam: Grand Coulse Dam [(USA)géama

Sagar (India) and ey Dam (It kes Between Brazil and Paraguay

i= the largest in the work

2. Earth Dams An sarth dam is made of sartor soil) buill up by compactin
successive layers of earth, using the mos! impesvmatensts to lorm a core a
placing more permaable substances on the upstredmkawnstream sides. A fack
of crushed sione prevents erosion by wind or sl an agple spdlway, usually o
concrete, protects againgt catastophic washoulldhbe water ovartop the da
Earth dam resists the forces exented upon it madoly (& shear sirength of the 5
Althowsgh the welght of the strecture also helpgasistng he forces, the structur
behavor of an earth dam & entinely diferent frdmt of a gravity dam, The am
dams are usually bullt i wide valleys having Siepes at llanks (abuiments),T
foundation requiremants are kess stringent thasathed grasty dams, and hence th
can be built a the sites where the loundationdesm strong, They can e bl on
typas of foundations, Howevar, tha haight of thmdsill dapand upon the strangth
the feandataon miatery

Examplas of earhfll dam: Rgunsky dam (Russia) and Mew Comalia Dam (U

e



3. Rockfill Dams: A rockfll dam is built of rock fragments and Bdars of lange size,
An imparvious membrane is placed on the rockfiliie upstream side 10 reduce tha
seapage through the dam, The membrane B usualle mb cemant concrels or
asphalfic concrade.

=8
k. Mohale Dam, Lesatho, Africa

I aardy rockfill dams, stesl and timber membrameravalss used, but now
they are obsolete. A dry rubble cushion = placedvben the rockiill and tha
mambrane for tha distribution of water load and feoviding a suppon to tha
mambrang. Sometimes, the rockfill dams have an s eanh core in the meddie
1o check the ssepage inslead of an imperiousagratmambrane, The earth cora is
placed against & dumped rocklill, i & necessarprivide adequate liiters betwean
the earth core and the rockfill on the upstream damdnstream sides of the core so
that the sofl paricles ane nol cansed by walil pipeng does Not ooour, The Sicde
slopes of rockfil are ususlly kept equal to thenlenof reposa of rock, which s
usually taken as 1.4;1 (or 1.3:1). Rockfill dameguies foundation stronger than those
for eanh darms.
Examplas of rocklill dam: Mica Dam (Canada) andddbsan Dam (Maxica),

4. Arch Dams An arch dam is curved in plan, with its convediwards the upstream
side. They Iransler the waler pressure and ottesgomamly to the abutmants by
arch action.




An arch dam s quite suiteble for namow canyoni wirong flanks which are
capable of resisting the thrust produced by thh action. The section of an arch dam
5 approximately trangular like a gravily dam bese section is comparatively
thinmer, The arch dam may hava a single curvatudooide curvatune in the venical
plane. Generally, the arch dams of double curvassemore economical and are
usad in practice.
Examples of Arch dam: Hoover Dam (USA) and ldulkien{India).

. Buttress Dams Buttiress dams are of theee typas @ (i) Deck hpeMultiple-arch
type, and (i) Massha-head type. A deck type best dam consists of a sloping deck
suppored by buttresses. Bultresses are friangolrets walls which transmil the
water pressure from the deck slab to the loundaluttresses are CoMpPrassion
members. Buttresses are typecally spaced acrosslamesite every 6 1o 30 matre,
depanding wpon the size and design of the damni@sitiams arg sometimes calisd
hollow dams because the butiresses do not fornlichweel] stretching across & nver
valley. Tha deck B usually a minforced concretabskupported betwesn the
bultresses, which are usually equally spaced

In & multiple-amh type butiress dam the deck dateplaced by horizontal arches
supporied by buttresses. The arches are ususineld span and made of concreda. In
a massive-head type bultress dam, there is no dabk instead of the deck, the
upsiream edges of the buttresses are flared to oasseive heads which span the
distance between the buttresses. The buttress deuilse less concrate than gravity
dams. But they ara nol necessarily cheaper thagrihily darms because of extra oost
of torm work, rainforcamant and maore skilled labne foundation requirermeants of a
buttress are usually less  siringent than  those in gmvily dam,
Examples of Butiress type: Banlett dam (USA) ande TDanisd-Johnson Dam
[Canada).

. Seal Dams Dams: A stoel dam congists ol a stesl Iramevasit) a steel skin plate

an s upstream face. Steel dams are generaliwmbipes: () Direct-strutted, &nd (i)

Cantilever type |, In direct strutted steel dams teeser pressue i transmitied

directly o the foundation through inclined strltsa cantlever type stesl dam, thare

i 8 bent suppoding the upper part of the deckciats formed into & cantilevar truss,

This arangement introduces a tensie force irek grder which can be taken care
i



of by anchoring it into the foundation at the upam e, Hovey suggested
tansion at the ugstraam toe may be reduced bediag the slopes of the lower sir
in the bent.

Howaver, it would redquine hsiier sections siras Anothaed alternative 10 redu

tension s to frame together the entive bent noelh that the moment due 1o )
waight of the watar on the lower part of the deskullized to fse the momer
induced in the cantilevar, This amangemant wolsidyewver, require bracing and 1l
will incraasa the cost, These arg quite costly amd sublectad to corrosson, Th
dams are almost obsolete, Steel dams sre someatessias temporacolfer dams
during the construction of the permanent one. Stelfer dams are supplemean
with timber or eanhfill on the inner sade to makem water bght, The area betwe
the coffer dams |s dewalared so that the constmeonay b= done in dry fdhe

[ P TTIEErY] ik

Examples ol Siesl type: Redrdpe Steel Dam (USA} Ashiork-Bainbridge Siee
Dam (USA).

. Timber Dams Main load-carmndng strectursl elements of timber dam are mak
wood, primanly conflarous varetes such as pind fir. Tmber dam are made for
small heads (3-m of, rarely, -8 m) and usually have sluices; according 10 thige
of th apron thay ara dwvided into pile, crib, -crib, and buttressad dar



Timber dam

Tha opanings ol bmber dams ans resinched by abiots where the slulce |5 very
long i i divicded info several openings by inledise suppons: plers, butiresses, and
posts, The openings afe coversd by wobden shiaklslly several In a row one
above the other, Sample hoisls—pamanant of mskikehes—are used o raise and
kowar the shields,

B. Rubbes Dams: A symbal of sophestication and ssmple and afficidesign, this most
recant type of dam uses huge oyindrical shallseraftspecial synthetic rubber and
mflated by either compressad ailr or pressurzetwsfiubbar dams olfer ease of
constnection, oparation and decommissioning intteginedules.

=

F= 8 e
b These can be deflated when pressure s releasdaband, even the orest kevel
can be controlled to soma extant. Surplus watessldvamply overfiow the
inflatad shell, Thay need extreme care in desighamction and are limided o
emall projacts.

EARTHEN DAM

Earthen dams are construcied purely by earth werwapezoidal section.
These are most economical and sulable for weakdeknn. Eanhen dams are
classitied aa lobows:-

a



Basad on Method ol Construction
Rallad fill Dam:

In this method, the dam is construcied in sucoeskayers o éarh by
machanical compaction. Tha selected soil is trasegdrom bormow pes and laid on
the dam section, 10 layers of about 45 cm. Therkpes thoroughly compactad by
rollers of recommended weight and fype. When thegaetion of one laver is fully
achsved, the next layer i laid and compactedunuisueal way, The designed dam
sachon hance ks complated layer by layer.

Hydraulic Fill Darm:

v this method, the dam section & constructed itk halp of water,
Sufficeent walss i poured in the bormow pit and flwgging thoroughly, sburry s
formed. This slurry = ransported to the dam Bilgpipe ling and discharged near the
upstrearn and downstream faces of the dam, Thearmestenal gets deposied neor
tha face and the lner matenal move towards thdnemnd gets deposit these, Thus
the dam section is lormed with faces of coarse mdtand central core is of
impervious materials like cay and silt, In thiseacormpaction i not necessary.

Semi-Hydraulic Fill Dam:

In this mathod the salected earth is transporteds fthe borowpit and
dumpéad within the section of the dam, as donshandase of rollad fill dam, Whila
dumping no waber is usad. But, alter dumping thiewst & forced on the dumped
earth. Due 1o the action of water the finer malemaove towards the centre of the
dam and an imperniows core i formed with fine mals ke clay. The outside body
i formed by coarse material, In this case alsopmmon |5 not necessary,

!



Homogeneous Type Dam:

Thas type of dam s constructed purely with eanfrapezoidal section hawving
the side slopes according to the angle of reposbengoil. The fop width and height
deponents on the depth ol water 10 b= retainediangradient of the seapage line.
Tha phreatic ne (top leved of seepage ling) sbqdss well within the body of the
dam. This type of dam (5 compleiely pervious, Thetearm face of the dam Is
protected by sione pitching. Mow-a- days, the eanliam © modified by providing
horizomal drainage blanket or rock o,

Zoned Type Dam:

This type of dam consists of several materals, Mperdous com is made of puddle
clay and tha ouler prédious shell S consbrectol Wee mixture of aarth, sand, graval,
elc, the core IS traperoidal In section and s twidepands on the ssapage
chamactenistics of the soil mixturé on the upsiresde. The core s extended below
tha both sides of tha impedvious core o contral $eapage, The transition filker s
made of gravel and coarse sand. The upstream fdbe dam is protected by stone

pitching.

Diaphragm Typa Dam

In this type of dam, & thin imperdous core of Smgm 1S provided which may

consist of puddle clay or cemant concrels or bibeuk concrela. The upstream and
dovwnsineam body of the dam is constructed with ipasvshell which consists of the

mixhurge of soil, sand, gravel, etc. the thicknelsihe cone @& genarally less than 3m. A
blanket of stones is provided on the toe of the damthe drainage of the seepage
water without damaging the base of the dam. Thireses tace is protected by sions
pitching. The sida slope of the dam should ba detatcording 1o the angle of reposa
of the soil mixture.

LAUSES OF FAILURE OF EARTHEN DAM
Tha fallure of the earinen dam may be caused dileieasons.

1. Hydraulic Fallure ® this type of fallure may be ead by:

a, Owvertopping: I the actual flood dscharge s mushmuch more than the
astimated flood discharge or the lfee board is keapuffican or thera is
settlament of the dam or the capacty of spill dajnsufficient, then it resulis mn
the ovartopping of the dam, During the overtopping crest of the dam may ba
washed out and the dam may collapse.

b, Erosion: If the stone ol the upstream side s feseld, then the upstream face
may be damaged by erosion dus 1o wave action. Festream side also may be
damaged by tail water, rainwater, elc. The todhaeldam may also gat damagad
by the water flowing through the spill ways.
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C. Seepage Fallure : thés type of failure may be mhibge

d. Piping ol undarmining: Due to the continuous seagikgy through the body of
the dam and through the sub-sol badow the damdémnsiream side gets eroded
of wshad ouf and a hollow pipe like groove is fodmehich extends gradually
towards the upstream through the base of the die. henomenon is known as
pipeng of wndermanang, This effect weakens the dend ultimately causes fadure
of the dam.

@. Sloughang: tha chembling of the 1ow of the dam aown as sloughing, Whan the
resarvodr runs full, for 8 longer time, the dowesn base of the dam remains
saturated. Due 1o the force ol the seepage waseddh of the dam goes on
crumbling gradually. Ultimately the base of the damflapses.

I, Struciural Fadure - This type fafure may be caiisp

g. Shcing of the side slopes | Sometimes, it i logesl the side skope ol the dam
slides down 1o lorm some steaper siope, The darm goidepressing gracheslily
and then ovarapping occurs which laads to thosaibd the dam,

h, Damage by burrowing animals: due 10 sanhquakekarasmy develop on the
bady of the dam and the dam may eventually Collapse

SOLID GRAVITY DAM

Tha solid gravity dam may be constructed with mbblasonry of concrate. The
rubbla masanry i done according fo the shapaabiim with rich cemant mortaf,
Tha upstream and downstream face are inishednsilcamant mortas, Non-a-days,
concrate gravity dams are prefermed, becausedimbe easily construcied by laying
concrete, layer by layer with construction joirlen good rocky foundation must be
availabds to bear the enormous weight of the dane distance between the heel and
toe s considered as the base width. it dependshafeight of the dam. Again, the
height depends on the naturs of foundation. If ey foundation s available, the
height may be above 200 m, If hard loundation ismailable. the haewght of the dam
should be limited 1o about 20m. The upstream andratream base ol dam = made
sloping. The harizontal trace (or ine) passingUgh the upsirear 10p edge 15 known
a5 axis of the dam of the base ling, The lyodheldam is done comesponding 1o
this base ling, Drainage gallery is provided o Bbee of the dam. Spill ways are
provided at the lull reservost level 1o allow thempbes water o fow 1o the

downstraam. The solid gravity dam resists all bmds acting on it by its salf-waight.

FORCES ACTING ON GRAVITY DAM.

1. Weight of the dam,
2. Watar pressure

dx



3. Uplift pressure.

4, Pressure dug 10 earthguake
5. ke pressure

6. Wave pressire

7. Silt Pressure

B, Wind Prassute

1.Cwarturning

2.SBding

3. Comprassson or Crushing
4, Tension

SPILLWAYS :

Splillways are structures construcied © provide safe releasiood waters

from a dam 10 & downstresm are, normally the romrwhich the dsm has Bean
constneched.

Every reservoir has a cartam capacity fo storeedl the resereoir s full and
Nood walers enfer the same, tha resaroir ki up and may evenbuslly resul in
over-topping of the dam. To avoid this situsticdnee fiood has o be passed 1o the
downstream and this is done by providing a spilleiych draws wates from the iop
of the reservoir. A spillway can be a part of thedor separate from it

Spdtways can be controlled or uncondrolled. A coled spilbwey B provided

with gates which can be raised of lowensd, Comciikpilbaays have cartain
pdvantages &5 will be cear from the discussiohfdliaws. When a resenvoir s full,

its wataes lovel will be the same as the crast leksho spillway.

Thas & the normal resarvoir level. Il a fiood estehe reserair at this tmae,
tha water leval will sftart going up and simularsipusvater will start lowing out
through the spillway. The rise in watar leval e theserost will continue for some
time and so will tha discharge over the spillwandhiah reaching a maximum, the
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resarvoir lavel will come down and eveniually cobmck o the nofmal resenoder
level

The top of the dam will have to ba highed than esimum resenoir level
cormesponding o the design food for the spillwashile the elfective siorags
availabds is only up to the nomal resenvoir levBle storape available between the
maximum reservoir level and the normal resenssielss called the surcharge siorags
and is ondy a temporary storage in uncontrolledhapis. Thus for a given height of
the dam, per of the siorage - the surcharge somgnol being ublized, In &
controlled spilhway, water can be stored even abthes spillway cres! lavel by
keapang the gates closad, The gates can be opavadaliood has 1o be passed,

Paramaiers conssdered in Deslgnéng Spiltway's

Thus controfied spilways allow more storage foe tame height of the dam. Many
parametars nesd consideration in designing a spilblhess include:

1. The inflow design food hydro-graph

2. The type of spillway 1o be provided and Its capacit

A, The hydrauls and strectural design ol vanous comgts and
4, The energy dissipation downstream of the spillway,

The pography, hydrology, hydraulics, geology eodnomes considerations all have
a bearing on thase decisions. For 8 given nfleedihydro graph, the maximum rse
in the resarvoir kevel depends on the dischargeachenatics of the spllway cres! and
its giza and can be obtainad by Hood routing. Mesh diferant sizes can then help
in getting the optimum combination.

Types of Spilkways - Classification of Spillways

Thare are different types of spillways that can geevided depending on the
suitability of site and other parameters. Generallppilbway consists of 8 controd
Struciure, a comeyancs channel and a terminatemm ot the formes tyvo may be
cambinad in the same for caertain types. The momnon types ane briefly described
bedow.

Opes Spiltway

Tha Opgee spillway s generally provided in rgidhdsand fosms a part of the main
dam itself If sufficient length 5 avallable, Thesel of the spilway is shaped 1o
conform to the lower nappe of 8 water sheet iowamgr an serated sharp crasted
Welr

Chute (Trough) Spillway

In this type of spdivay, thae water, alter flowingrer a shon crest of ofher kind of
condrol structuse, is carred by an opan chanmllgd the “chute” or “trough™) to the
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downstream side of the river, The control structisegenarally normal 1o the
conveyance channel The channel 5 construciesamabon with stable side Slopes
and iraniably lined. The Hlow throwgh the chanmstuper-crtical, The spillway can
bo provided ciose 10 the dam of at a suilable seokiay from the dam where sie
conditions peamit,

Side Channel Spillway

Side channed apillways are located |us! upsireatiiadhe side of the dam, The wales
after lowing over a crest anters a side channddeds neady parallel to the crast
This s then camed by a chute to the downsteie. Somatimes a tunnel may be
usad instead of a chute.

Shaft (Marming Glary or Glory hote) Spiltway

This type of spillway utilizes & crest crcularphan, the flow over which is carmed by
a vartical or sloping tunnel on fo a hofizontaldalveary at the stream bed leved and
eventuglly 1o the downstream side. The diversiomals construcied duning the dam
mu‘mﬁmunhumﬂmﬂuhnﬂnmﬂlmﬂﬁmmm

Siphon Spillway

As the nama indicates, this spillway works on thimgpde of a siphon. A hood
provided over a comentional spdilway forms a cdbdiith the rise in resenir lavel
water starts flowing ower the crest as in an "ogeplflway. The flowing waler
howewer, entrains air and once &ll the air in festcaea s remoyved, siphon action
starts, Under this condition, the discharge talesdpat & much larger head The
spillway thus has a larger discharging capacite et end of the hood s genarally
kept below the reservoir level to prevent foatihehdas from antering the concduit,
This may cause he reservoll 10 be drawn down balewnormal level before the
siphon action breaks and therelore arrangemeniéspriming the siphon a1 the
normal faservoir level s provided,



CHAPTER-3

GROUIND WATER AND ITS DEVELOPMENT
8.1 Oecurrance of Grownd YWater:

The rainfall that parcolates below the ground mejpasses through the voids of the
rocks, and joins the waterable. Thess voids amesglly inter-connected, parmitting the
micvermiant of the ground watss, Butl in Some ockey hay be isotated, and thus, preventing
the movement ol waler befween the mierstices. Mencis ewdent thal the mode of
pocurrence of ground water depands largaly upomyibe of formation, and hance upon the
geology of the area.

In lact; all the matenats of vanable porosity jorerstices) near the upper portion of
the sarth's crust can be considered a5 a potesisige place for ground water, Bnd hance
rright be called as the ground water resenvoir, Jdlame of waler contasned in the ground
water rasanvor In any localized arma, Le. theowalorage capacty of the ground water 15
dependent upon (i) the porosity of the rocks; i rate at which water s added 1o it by
infiltration, transpiration, seepage to surfacerssa, and withdrawn by man.

Ground Water Yield{Quantity of Ground water):
Tha intershices prasant in tha given formation iged up with water during the

process of ground-water replenishment. If all theasts are completely NBed with water,
then it = known as saturated formation. The wetemained in these voids s drasned by
digging wells undsr the action of ‘gravty-drainagexplained Bter. When these saturated
formations an drained under the adlion of "‘gradtginage’, it i lound that the voluma al
water 50 drained is less than the volume of thd space as indicated by its porosity, This is
because of the fact, that the entine water cornginghese voids cannot be drained oul by
mara farce of gravity. Some of the water is bastpined by thesa interstices due to their
miakacular attraction, T wales S0 retained is eaw polliculas watar.

Spacific Yield:
The volume of ground-water extracted by gravitaige from & saluraled water

baarning matanal is known as the yiald, and whas éxpressed as ratio of the voluma of tha
total madenal drainad, than it is known as spodilild,

: vilumeot waleroblainady [EinEge |
\ Bpyield= gravityd 100

Tota volumeal the matedia drasne: or dewatens




1.4  Specific retention or Field Capacity:

On the other hand, the quantity of wales retairgdis matednal against the pull of
gravity = termead gs specifc retenton or fieidpealty, and this & also sxpressad as
parcantage of the total volume of the materialmindi

= | volumeo! waterheldagainsgravity drainage
. s ¥ Total volumeod the materia draina: s

it is evident that the swm of the specific vieltimpeciic ratention (s equal to ks porosity,
1.5 Specific Retention of different Kinds of Formaions:

Asg has bean sakd sarlied, the spacihic relentiahémmount of the waler held batween
the grains due to modecular aftraction, This filinamster is thus hald by molecular adhesion
on tha walis of the interstices, Therafore, the amad this water will depend upon tha total
interstitial surface in the rock. I the total inlial sedace s more, the specific retention
will b2 more and vice versa.

MNow, it the effective size of the grains decreasbe surface area between the
interstices will iIncreass, keading to, more spaolitention and less specific yield,

It, tharefore, follows that, in fine soils likeagl the specdic rantion would be more,
and hance, such soils would result in very smalbife vialds,

The reverse is also true when the grain size e the interstitisl suface ares
reduces, and , therelore, sp. Retention reduceshande sp, Yield increasss. I, (herefore,
fallow that in kange pariche soils like coarse gele, the specific retantion would be small and

it would rasult in l[arpa specific yelds.

This conciusion & vety important from practicidng point, because it lollows Trom
this thal a water bearing lormabon Of coarse grasmdd supply large quantilies ol watas (o
wells, whereas, clay formations althowgh satursed of hgh pormosity, would be of listle
ably upon the type of neighbaring formatons,



Agquiters and Their Types:

A permeable stratum or 8 geological formation olmmabla matenal, which
capable ol yelding ppreciable quantties of ground water under gravibknown as aquife
The term ‘appreciable quanity’ = relative, depegdupon the availability of the grouw
waler, In the regions, where groswatar is available with great difficull, even {-grained
materials containing very less quantities ol wmay be classilied as Principal aguil

Whan an aqguiles I8 obtained by a confined bed ghamious materal, then th
canlined bed of overburden (s called a5 agquicindehown In Fig. 9
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many faciors, some of which, such a8 well diamate, inharent in the well ts=l. But |
athar things being equal, the permeability and theknass of the aguiar are theost
irmportant,

Aguiter very in depth, lateral axtend, and thicleydmn in general, all aquier fall in
one of the two calegones, La,,

1. Unconfined or Norerasian aquiders; a

2. Conbined or Artesian aguil
Unconfined Aquifer or Non-anesian aquilers:
The top most waler bearing stratum having no cedfimpermeable oser burd

{l.e,, aguiclude) hing over |t, & known as an oniined aquier of ne-aresian aquite
{Rafer Fig. 8.2)
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The ardinary gravity wels of 2 10 5 m diameter, isfhare costructed 10 gap walb
from the top most water bearing strate, L, tiea unconfined aquifers, are known
unconfined or nomrtesian wells. The water lavels n these walld bal agual 10 the level
this watertabde, Such well are, therelora, aliown as wells o gravity walls,

Conhned Aquilers or Artesian Aquifers:

When an aquifer is confingd on s upper and uslstace, by iImpenious o
formations (e, agquicludes), and & also brogeiglined so 35 10 expose the agu
somewhera to theatchments area at a hgher keval for the creatioeufficient dydraulic
haad, it 15 called a confined aquifer or an areaaudar. A well excavated through such
aguiar, yeelds water than often llows out autosally, under the hydrostatic prane, and
may thas, even rise or gush oul of surface forasaBable hesght. However, wihere
growund profie is high | the water may remain Wellow the ground kevel. The former ty
of anasian wells, whaere after is gushing out autteally, are casd lowing wellz

The leval 1o which water will rise n an anesaelve detarmined by the highe
poind o fha sanifar fomwihhera i ie foed fre
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The rains falling in the catchmants (Le., by dange). However, the walar will nol
rise to thes full hesght. because the frichon bEhwater mowing through the aguifer uses up
gome of the enagy.

Tha quaston whathar it will be a flowing aresieall of a non-llowing aresian well
depends upon the topography of the area, and idsoinherent propery ol the afessan
aquifer. In fact, if the pressure surtace lles abowe ground surface, the well will be &
floweng artesian wall, whereas, if the pressurdene 5 below the ground surface, the well
will be anesian bt non-lowing, and will requisepump 10 bring water 10 the surface, as
shown in Fig.8.3. Such non-flowng anesian wells somatimes called as sub-anesian wells,

Perched Aguiters:

Perched aquiler 5 a8 special case which is somstifoend to ocour within an
unconfined adguilar,

It within the zone of ssuration, an Impensous dep Below a perious deposit is
found to suppon & body of saturated materials this body of saturated materials which is
a kind of aquifer s known as perched aguilar. Toe surlace of the waler held in the
parched aguifer is known as pefchad waler tabls Elshown in Fig. 8.4,

Wells

A water well s 8 hole vsually vertical, excavaledhe earad for brining growund
water to the surfaca. The walls may be classiy o (ypes:

1, Open wells; and
2. Tube walls.
Open Wells or Dug Wedlls,

Smaller amownd of ground water has been utlizediencant imes by open wells.
Opean wells are generally open masonry walls hegomparatively bigger diameters, and are
suitabde for low dischargas of tha order of 18 cubiiers par hour (e, about 0.005 cumecs),
Tha diameter of than 20 m o depth. The walls olopen wall may ba buill of pracast
concrele nngs or in brick or sfone masonry, (hektiess generally varies from 005 to 0.75
i, sccording to the depth of the well,



The yiedd of an open well |8 limited because susiwcan be excavated only it
limited depdh whars the ground wates siorage 8 Bhited,

Momsover, in such a well the water, the water cansithdrawn only at the critic
wilocHy lor this soil. Higher valocitses cannol Dermited as thal may lead 1o disturbanc
soll graing and consaguen! subsidence of well dirim the hallow so lormed, The lir
placed

On vedocity , therefore, also limits the maximursgble sal discharge of an open we

Oine of the recent methods used to smprove the pllh open well 5 o puitina 8
10 cm diamsater bore hole in the centre of the veallas fo tap the additional water from
acguder or from fissures in the rock. If lay or kankar kayer is available at a smaller de
as o suppon the open masonry well, a bore hokibesamade in ilS cenire 50 a3 0 react
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gand strata, Such an arrangement will not only gregructural suppon to the open wall
will also corsiderably increase its yield, Depanding upon thailalility of such a provissor
the open walls may be classitiad intd the followteg types

{a) Shallow wells; and
() Daep wells.

Ehallow wells are those which rest in & pervionstem and draw thesr supers from
the surrmoundéng matenals. On the other hand, p dasl 5 one which rests on an impenai
‘mota’ layer and draws its supply from the pervidomsmabtion lying balow the mota lay
through a bose hole made info the ‘'mota’ layestsswn in Fi, 4016, The lorm "Mota laye
also sometimes known a8 “Matbarws” or "Magasarfemss o a layer of clay, cemant

gand,

L sand layers free
from finer grams

kankar or other hard matenals, which are olterntblying a few metras balow 1l
wiatertabla in the subail. The names a not applied to layers of hard matesal lyng abe
thee watentable. The rmain advantage of such & ragwe Bies in ghang siructural supporn
the open well resting on its surface, It s usdbsl unlined and parly lined wels, and
indEspansable foa hesvy masonry well whach would not remain slakbbser steady uEe
withoul such a support. The mota BEyer is gonedalnd throughout the ineGangtic plain
These mote layer may either be continucus of malptalized, and ane aenerally found
diff erent thacknesses and depths at difterent pl
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The nomenclature of shallow and deep wells @ guslhnical and has nothing t©
with the actual depth of the wall. A “shallow welfight ba having mone dapth than a “d

wall™,

Since a shallow wellmws water Irom the topmost wates beanng straltemwater =
liable to be contamanated by the rain waler pesiudan the vicinily and may take with
minerals of crganic makters such &5 decomposingaeiand plants. etc, The water in a8 d
weall, on the other hand, is nol Eabde 1o gt such imimaiand infections. Secondly, 1
pervious lommations bedow the mota loyer genarobmtain greater discharnge and gre
supplies can be otdained Irom a deep well a3 corparthossa Irom & shallow J,

Waler 5 generally drawn from dug or open wellsrbgans of a buckat and a o
Howevar, dug 1o the possible surface contaminaifosater in an uncovered well and a

the individual bucksts adding contamination o wdech open wells have bearvared in
many pans ol india and fted with hand pumps (BI15).

2.1 Cavity Formation in Wells. Consider a8 well from which no water B be
withdrawn. Tha water fewvel in such 8 well will obuely ba the same as i the st
waterable outsile thwell. Mow, If a discharge & withdrawn from thisdl at a constar
rate, the beval in the well will go down and stslat a lower leval than that of the oues
walerable. The head diference between these eweld = called depression head (|
4.17). Undar the influsnce of this head differerester enters the well from outside so a
fill

the gap created by wihdrawn waler, As the watenithe surrounding sail travels towa
the well, there s & gradual koss of head, and meatdace drops towands the well, Since
same decharge s passing through reducing sollsass @ approaches the well, there
gracksal increase in flow welocity towards the willow according t© Darcy's law, tF
velocity can gradually increase onhithe hydraulic gradient gets gradually increasodsddy
thie waater surface will fall gendly In the Beginningd will fall more and more rapidly as
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approaches the wel The swrdace of water-tablecaonding the well, therefore, takes up @
curved shaps and is called Cone of Depression. ddriain distance from the well, thara i
no appreciable deprassion of waterable, This ciedrom, tha cental ling of the wol is
called radius of influance of the well.

The velocity of parcolatng waler info the well depls upon the depression head. |
mare amount of water is withdrawn from the wall ahdreby mnoreasing the depresson
head, highat Hlow velottias will prevail i thecuity ol the well, Thus, a1 a certain rate of
withctrawal, it is very mauch possible that the Newlocity may exceed the crtical velocity
for the soil, thereby causing the soll particlediioup. As more and more sand partcles are
hftad, a hollow 15 created in the bottom of thallwessulting i iIncreasad effective area, so
that ultimately, the velocity talls below the ool value and then no further sand goes out of
thie wall.

As posnded out earlier, the formation of such eicbeneath the wells s dangearous
in shallow wells, because there s always a dandemubsidence of the wall imng. The
miansmum rata of withdrawal from such wells is, thore, limidod

In case of deep well resting on mota layer, thargay hollow formation below the
bore hols (Fig. 4'16) is nod dangerous, becausadeidining remaing supponed on the mots
layer. Henoe, a hollow, mauch larger in area than dloss-sectional area ol the well, may
salaty lorm in deap welts, and thensby giving higieelds. In a shalow wall ol an equivadent
yield, the well area will have 1o be Increased agodhe area of the cavity under the deep
well, which would make it costlier.

2.2 Construction of Cpen Wells. From the construction point of view, the operilss
may be classdind into the lollowsng three types |

Type |, Wels with an imperdous lining, swech as masolmng, snd generally resting on a
miota layer,

Typea I, Walls with 8 pansous lineng, such as dry brickabona lining, and fed throwgh the
pores in the Ening,

Type Hl.  No lining &t all, Le., & Kachha well.

Type | Walls with impervious lining. Thay provide the masable and usehd type of wells

for obtaining water Supples. For construciing Sachvell, @ pit is st of all axcavated,

ganerally by hand tocds, up to the sofl moist dlsonry lining is then bullt up on a kerb

upto a few metres above the ground level, A “kdsbd circular ring of R.C.C., timbar orf

staal having a culting edge at the bottom andiadin wide enough to support tha thickness
it



of well lining called "stesning®. The kerb is thadescended into the pa by loading the
masenry by sand bags, eic. As axcavabon procasidecttibe ke, the masonny sinks down.
As the masonry sinks down, it is Turthars built dgap, To ensure vartical sinking, plum bobs
are suspended around the well steinning, and ks siars HRIng, I may be comacted by
adjusting the loads or by removing the soll fromolsthe kerh which may ba causing tha
filt. The wall lining (sfeinning) is ganamily rdavced with verical steal bars.

Aftor the well has gone up 1o the watertable, erthecavation and sanking may be
done eithar by continuouséy removing the waler shfopumps. etc., of the excavation may
be carned out from op by Jhams. A Jham = aodsling bucksat which s ted 1o 8 rope and
worked up and down over & pulley. Whan tha Jhathrasn into the wall, its jaws sirike the
bottom of the well, dslodging some of the sol ortls. As the Jham s pulled up, the soil
cuttings get retained but the water pozes oul. Shisng iz continued 1ill the mota layer s
reached. A smaller dameter bore hode |5 then miorigh the mota Byer o the cantre ol
the wall, which is genarally protacted by & timeng

Samatimas, whan mota layer is not availablo, sholells may be sunk as describad
above uplo a required depth, and parily filled wathvel or broken Badlast, This will function
as &8 nitar through which water will parcolate antbe the well but the sand particles will be
pravanted from rising up.

In & pucca wall, lined with an iImperdous lining G sides, the llow s not radkal,
The waler enters only from the boliom and the fmseomes sphenical when onoce the cavity
has been lormed at the bottom.

Type Il. Wails with penioas lining. In this type of welldry brick or stone fining is used on
thie ssdes of the well, No mofar of binding matsswsed. The waber, thus enlers from the
sides, through ihe porés i the inig, The Nlowtierefore, radeal, Such wells are generally
pluggsd at the bottom by means of concrete, fibBom is not plugged, the flow pattem
will ba a combination of radial fiow and a sphektbsw, Such wells are ganerally suitable in
strata as ol gravel or coarse sand. The pendolagimay have to be sormounded by gravel,
eic., whan such a wall s constructed in finerssb a3 1o prevent the entry of sand nto the
well sbong with the seeping water.

Type I, Kachha walls, Thess are temporary walis of veallely depths, and are genarally
congtructed by culivators for irgation suppliaghedr falds, Such walls can be construched
in hard sods, where the wall walls can stand wadly without sy support. They can,
therefore, be constructed only whers the watestebleny near to the ground, Though they



are wery cheap and useful, yat they collapse sl time, and may somatimes prove 1o ba
dangerous.

2.3 Yigld of an Open Wall The yield of an open wall can bo delermined wil balp
of theorefical methods, with practical methodapreamying out & practical 1es and then
calculating it from the observations. This thirdthe s useful for calcutating the yields of
opean wells as well as that of tube-wells panatElimough confined aguders,

(1) Theoretical mathod If a well is penetrated through the aquifer, wasll rush into &
with & velocity W, Il A 1s the amea of the aguilepening into the wall, then

Q=AV

whera V=vK, wham v 15 the aciual flow velocty alidis the velocity with which water
rushes into the well and s constan

Q=i Ay

where K Is 8 constant depending wpon the solkshdown as permeability constant,

In the abowve aquation, the velocity of ground wiltes (v} can be found by using Slichter's
of Hazan's formaulas or by actual measuraments bt of edectrical mathods.

A, the area of the aguiler, and can be lound bywkng the sdiameter of the well and
the depth of porous straia.

K., the constant can be lound by stedying the sassblbe sail in the Bboratony,

Kndwiing «, A and K, the discharge can be sasilgaaled,

2.3 Tubu-wells,

The discharge from an open well s generally liokie 3 to 6 litres/sec, Mechanical
purniping of small discharges swailable in open wisllmot aconofnical. To obiain Erge
discharge machanically, tubowaell, which is a lodmpmnd 8 tube, IS bored oF diilled deep Mo
the ground, mMerceptng one of more waler beastngium. The discharge of an open well ks
smalier, bacause - (0 open wealls can tap onhyapenbst or at the most the necd lower water
beamng stratum, 00 water from open walls can Bedeawn anly al velocity equal to or
smalier than the critical valocty far the soll. 8810 avoid the danged of wall subsidence. But
in the lube wells, larger dischanges can be obiklnegetiing a larger velocity as well &5 &
laigesr cross-sectional area of the water bearmueh. Since, we have an enormous storags
of ground water in India, the tubewels provide ellamt means for providing water supplises,
although théay are ganacally usadd for rfigation.

24 Tube-Wells in Aluvial Sod, Most of our land, especially the enlire area from
Himalayas to Vindhys mountains (such as the IndogBic plain), coastal areas, Marmada
vallay, abc., consist of deoep alluvial soils. Thebsod water slowly panetratas and is stored in



the porous sand Bnd gravel beds which are extdpdesnd in India, except that in the

desart areas. Tube-wells can be aasily insialleddh s0iis and are very usaful for infigation.
i ig in this context that the tube-walls are assgrgreater and greates imporance o
tapping out ground waler resocurnces, especiallfiviams.

Deap tube-wells are genarally constructed by Sument and ane caled Stale tube-
walls The depth of such weills, ganerally vary frbfnio 500 m, and may yield as high as 200
litres‘sec. The genaral average yield from thedsimk iuba-wells is of the order of 40 to 45
litr, s'sec. A 300 m deep tube-well has been cootad at Allahabad (UP.) at the adge of
river Gauges, and s yielding a1 abowt 140 Mea/T e diametar of the hole 5 0°6 m upto
60 m depth, and then 056 m below B0 m, The diamsfidhe straner is 025 m, and
drawdown is 10 m. Tnere are about 20,0@bep tube wolls n our counfry, and evary year
about 1,500 such wells are being added.

Besides deap tube-wels, shallow lube-wells ane amstructed by cultivators. Their
depths generally vary from 20 to 40 m or 5o, ang pald as high as 15 litres/sac, if located
at propar plsces, Each wall iirgates about B hostdlhare are aboul 10 kh shallow b
wells in India, and every year about 1'S lakh swelts are being added
25  Tube-walls in Hard Rocky Soills ft is wery difficult o construct a8 tubse-well
irrigation system in rocky areas. Therefore, inkgo@reas, tube-wells or apan wells am
rasorted to, only when, there are no other aleraslirces ol water, Hence, in rocky aneas,
only isolated holes of 10 1o 15 cm dameter may aewes be dnllled using down the hole
rigs, Only wells in alluviums have been treatedher
26 Manous Types of Tubs-wellsTube-wells ame ganerally of the lollowing typas
(1) Strainer wells |
(21 Cawity wells ;

{3}  Shotted walls ; and
i4)  Pedorated pipe walls.

Quil of thase four types, the first type, Lo, temined walls sanms tha most important
and widely used in kndia, whila the last type, perforated pipe wells are not of much
importance, &s they have not besn usad in indaniocappreciable extent. The first three
impoartant typas of tubs-wells are described below |

(1} Strainer Type Tube-wells, As pointed out earlier, & straener well is the mos
important of all the types of ube-wells, and hesdd extensively and widely used in our
country, So much 50 that whanaver wa refar to ewall’, we ganerally mean a Straines



type of a'iubavell’, All the state tut-wells conatrected in U, from where the technigl:
tubewedl construction got stasied in 1831, are exclaliolf this type

In this type of & wall, 8 strainer or a screantkted against the water baaring strat
The strasmner |3 generally congiructed of 8 wingeorwrapped round a siotied o pered
pipe with & small annular space between the twe The screen prevents sand part
from antaring the tubessdl, The waler, therefore, enters the wall gimaugh the fine mes
{i.e,, the screen) and the sand particles of segel than the ze of the mesh, are kept aw
from entenng the mpe This reduces he dangesastd removal and hence, larger fl
velociies can be permitted. Moreover, the strapemetrales o a number of water bes
strata, and thus® doss not depend only or or two strata lor the wedl supplies, The slot
pipd 15 made to have the cramsbonal area of its openings equal to that indhe screan
g0 that no change of velocily occurs between thie [Bhe annular space between the |
and the screen s reged, ctherwise the wires of the screen pan aldhihe opendng of th
pipe.

Tha straingr type ol tubwall is ganerally unsuitable lor very fne sandyasl.
because in thal case, the size of the screen gpevihhave 0 be considerably reduc
which may resull in chocking of the strainer, shthe screen openings arg kept bigger,
wall will start discharging sand.
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Thi boring lor such a wall B generally carmied buta "casing pipe of about 5 1o
cm Erger than the diamele e well pipe. Thas, lor a 15 cm diameter welbore hole o
20 10 25 om diameter shall be drlled, After boribhg hole, the well pipe assemibly which

parly in ordinany plain pipe (caled biind pipshchpantty of strainar pipa, s lowerad ntia



bore holde, The lengiths of bind pipe and strainpe mre so adusted that the blind pips r
agamnst the aguichedes, while the strainer resnat the aquiters, as shown n Fig 415
bottorn, @ short biind pipe is provided, so as ionEesattement of any sand partches,
passed through the strainer, The wed is geneplligged at bottom by cement cancs
Abwesinia tubawel k5 8 special type of strainer well, in whidietdiametar of the well pips
kept equal to 38 cm (1I°T) and theamer s provided only for a length of about 10d.6m
{i.e.. 4 to 5 foet),

(2) Cavity Type Tubpwells. They are those which do not wilise sirainers sy
thelr suppbes from the bottom, and nol from thées! Since the wates is drawn from
botiom, only one pamicular aquiter can be tapped, Ths principde behind 8 cav-type
tubawall 15 essantially similar to that of a deop opeall, with the only difference ik
whereas an open deep well taps the first aguikat Helow the mota tay 8 cavily tub-well
need not do S0;, and may even tap the lower stcaambown in Fag. 42
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A cavity type tubswall essantially consists ol a pipe borad throubh el anc
restng on the botlom of a strong clay layer, Algais fomed at thae bottom and the wa
from the agsler enters the well pipe through tasity, as shown in Fig, 4200 In the init
stages of pumping. fire sand comes oul with wakess consequantly, & hollow or a cavil
formed. As the spharical area he cavity increases outwadnds, the radial critislbaty

J



decreases for the same discharge, thus redut Yeplearelocaty and consequanily stoppi
the antry of sand, Henca, the low in the beginnmgandy, but bacomes claar with

passage of time,

The essential dfference n the flow pattern ofraiser wall and & cavity well i th
wheareas in a strainer well, the fliow is radial, B in a8 cavity weall is sphancal, Also, n
strasser well, the area of Now is ncreased byesing theength of strainer pipe, while in
cavity well, the area of flow is ncreased by eglag the sze of the cavity, The cav
formed with a cenain descharge enlarges in siEndncreased discharge is pumpad

(3) Slotted Type Tubewels, I sufficient cepth of water bearing stata s

available even at deep depths of 75 to 100 m, d0 ablain the required dischangse bror
stradner well, and If & suitabde strong clay rophit available for 8 cavity well, & slotted w

is adopted, provided deast ona good stratum having sufficient amodmater 15 avallable
A slottoed well essentially consists of a slotiedowght iron pipe, penetrating a high
penvious conlingd aguiter (Fig, 4.21). The sizeslots may be 25 mmxX3mmatld 10 12 n
spacing In order to prevent the entry of fine s
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panicles into the pips, the pipe is surrounded pixbere of gravel and bajri. This mixture
called shrouding and is pourad from the top ine dnnular space batween the strainard



the casing pape before withdrawing the casing pike tubs-well is developed by pumping
water with an air compressor of with a bigger cipapumping S8t In the process of
daveloping such a tube-wall, water i drawn atghlate, causing high flow valocities and
consequent remaoval of appreciable quaniities of Band. Shrouding s continuouwsly led
through the annular space, &0 &8 10 fill up thespd removed sand pariicles. The proosss &5
cortvued till the sand-freae water & obtained,

Tha diameber of the bore hole or casmg pipe mefally kept mora than that of a
stramar type of uba-well, For example, & casspeml abou 20 om diameter | reguered for
a wedl pipe of 156 om dameater,

The essential déterence between a strainer wallsslotted well ana

(i) A strames woll usas a sifaines lor preventinpdsendry in the wabar, wheraas a

shotted well uses a gravel ‘'shrowding’ for thiggpae.
(i} A strainer well can tap one or more strata, wheealotted wall can tap only one
sEratem.

26  Mothods for Drilling Tuba-welks, Desp and high capacity walls are constructed by
driling. Various diferent techniqgues are empioved drilling the well hole, Different
techmsgues have comparative advantages and disassanover each other, depanding upon
the type of formation to ba drilled. Therelore, eaed should be treated as an individual
propect, and one patticular meothod adopled, depgndpon s sullabdty, Some of tha
driling methods, common'y used, are describeddslo
() Standard method or Cable ool method. This method of drilling the well hole is also
known as parcussion drilling | bacause in this mafithe wall hote & mada by parcussion,
(Lo, by hammaering and cutting). This method isesetul for cutting consolidated rocks
from soft ciay 10 hardest rocks, and @ peneralmulabls in lopas lormations, such &8s
unconsolidated sand and gravel or for quick safds mathod becomes ineffective in loose
matenals, becauss the loose material slumps smkarcund the dilling bit. The drill b
has a chisel sharp edge, which breaks the rockimppct when allernately lilted and-
dropped. This drilling bl B connectad &t the lewvend of the entire’ falling and rising
arrangemant’ known &s String of tools. [Refer Figa.{a) and (b)]. From fop to bottom, the
stning of tools consists of a rope socket, 3 seied a deill stam, and the drilling bit

Tools are made of stéal and am joined with tapemd and pin sérow joants, Tho
entire assambly weighs several tonnes. The mosidmepl ool of the entire assembly is the
driliing bit for dnll) as it does the actusl raglutting. The drill stem s the long steal bar
which adds weight and length to the drill, so Shatn cut rapedly and vartically.

A



The set of jars have no ect affect on the daling, They only loosen thelowhen
they stck i the hole. A roge of a cable is faatkat the uppser énd 1o the mope sockat &
a dead man (of & heavy waight} at the kwear

The entire assembly ol lools 5 suspended frorassembly of & masl and & walk
beam. eic. This assembly, known B85 dnlling rguem, I8 generally monied on 8 truck, s
to make it sasly portable. The mast should bacafitly high, s0 as to allow the kngest
tooks to be hoistad,

Pulley blochk







Ag the drilling proceeds, tha tools make 40 1o @kes par minute, from a haight of 0041
m, Waler 9. someghmes added in the hole, 50 G B pedle with the cullings, 1F
recucing fmchion onthe f&lling bit. After the bit has cut 1 10 2 maegh & formation, th
stnng of tools is litked out. and the hole is sled and cleared of the cuttings by means
bader, The process s known as bailing oul the

A bailer essentially consstd a pipe with & valve &1 the bonom and a rnghs op,
When lowsrad ino the well, the valve permits thetiogs to enter the bailer but preve
tham from escaping the badar. Alter i is fillediscutings, it is ifed up to the surface &
ampheed,

In unconsolidated foemations, casing should beafrdown and maintained near
bottom of the hole to avold caving. Casing is dedewn by means of drive clamps laste
to the drill stem. Tha up and down motion ol thelso stiking the top ofhe casing,
protecied by a8 drive head, sinks the casing, Onbtixm of the casing, a drive shoe
tastaned 1o protect the casing, as it is beingpk
{2}  Hydraulic rotary of Direct rotary mathod. This is the fastest method of drillic
and is espeally usaful n unconsolidated formations, The motevolves a continuous
rotating hollow Bat, through which & mixture of wand water or mud s lorced. The
cuttings are carmed up in the hole by the nsingdmiMNo caseng 15 required during dng.
bacause the mud itsalf makes a lining on the wilise hole, which prévants cavi

Tha drill bit s connactad 10 a hollow steel fod il stem), which, in fum, |
connactad & the top 1o & square md, known aksliey [Refer Fg, 423 (a) The drill is
rotated by a rotating



table which fits chosaly around the Kelley, andmadé the delll rod 10 slide down, as the h
POGIESSEs.

The drilling rig. such as shown Fig. 423 (b), csteol a mast, a rotaling lable
pump for forgng the msd, & hoist and the engne. The miud, Aftenerges out of the hole,
carred 1o & tank whera the cuttngs ssttie oud Bme mud can be epumpad into the

Alter the drilling is completed, the casing is ke into he hola, The clay, deposi
in thae wellwals during mud pumping, I8 removed by washingwith waler, Wate
containing some chemicals like sodium hexametapimnges lomned (hiough the drill re
and the washings come oul through the perforamdnbe casing When the washing al ©
leval is complated, tha bit is raised and the mecepeate
3} Revarsa Rotary mathod or Jatting metha, A maodilication of the hydraulic rotas
method ks known &3 Reverse Rotary method. Thisising popularity day L day, It B quile
usefu for making lange wells (dameter up 1o 1'2 &pp.) 0 unconsolidatad formestion
This mathod s also known as petting method. Thak tonsists of a hollow drill, a dnll pips
and watar swhal In this mathod, the cuttings removed by water through a sudlion g
called drill pipe. The equipment consists of & momB dermick, a centrifugal pump, a
NECEsSsary Wwaber and power cas



Tha hole is drivan by pumping water under pressemeughthea dlll bit, whils & s
churnad up and down,

Tha walls ol the hole are supponed by hydrostptiessura acting against a film
fine grained matenial deposited on the wals by dhiling watar. Cutlings are removed
water | and alter the mixtunaliter + cuthings) comes aut 1o the surface, IEBssed throeg
a sotthng tank (Rebor Fig, 4'24),

The sand seltles oul here, bul the line grainetier are recalculated, so as 1o F
irt stabilising the walls. Casing and cleaning & walls, elc, s the same &3 in the hydral
rofary rmethod,



Companson of Cable Tool and Hydraulic Rotary methaia
Advantages ol Cable Toal Mathod are given balow |

1 A more acourate sample of e formation cantlieioed.

2 Lesser amount of water i required duning agfloperalions.

3. Cable tool rig is lighter and aasy to transpo.

4 Vary useful for consolidated rocks and less elidel loose formations.

5 For shalow-walls, in unconsolidated mstenals, t comes oul to be cheapes,

Advantages of Hydrauke Rotary Method are given badw ©

1 Can be usad for largar holas up to 1'5 m diamete

2 Can be bast usad lor drhilling tesi holes, bexthe hole can be abandoned with
minimum cosl,

3 Rotary drilled hole can be gravel packed, whinbreases its specific capacity, and
kaaps thae fing particlas away, thus causing basd sauble.

4 Casing & to ba driven only alter tha hols camiph, and hence, can be sef at any

desired depth,
5. It iz the fastast method of drilling and espielsetul in unconsolidated formations,
E] It can hande aliernate hard and soft formatenh ease and the danger of acoidents

is lesser. In quick sands, clays, eic., cable melhod |5 ikely to give troubles, as

there is & danger of freezing.

27 Compglstion of 8 Tube-well During drilling the well hole by any of the above
mathods. care should ba taken to sea that therboladns straight and vertical. A common
speclication allows a dewvation of 15 cm from Bertical in a kength ol 30 m, Aler the bone
hole has been construcied of drfled, the well mhstcompleted, so a5 0 provide Iree
anfrance of clear waler o the wedl.

Casings and Screans, In consolidated formatonsesnentars the wall hale directly,
and no casing is provided, because the surcundingguite stable. Bul i unconsoldated
formations, a casing s necessary which suppomsoiitsihe material and helps in freely
admitiing water into the well.

For the antry of water, the casing should eithertem parforations or ils lower part
be replaced by o screen of a strainer. Porforatonsbe made in the lald of @t home.
Horizonal louvered openings are generally pretirend thesr size s kept between Del to
D70 of the surrownding soil, Ganerally, & sepasatesn forms the lowest pan of the casing.
Thay am mada from various cofrgsion-resistant mellastic screens are also forming thair
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way in the markel, Wellcreens are very uselul in sandy formabons. st the wates
containing only a limited guantity of sand (belowgimen siza) maynier the wall, and th
biggged particlas are scfaaned and kapl away froriag the well, Howevad, the mesh s
of the screen is generally decided by the manulecier & gven project, depending up
Ehe grain size distnbaution of the aquil

Gravel Paclong. Many a times, a layer of gravel surrougdies screen casing,
provided, 50 as 1o increase the affective well éiemand 10 keep the fine materals ou
the well, Such a weall will hkava a grealar specslipacity than the one of the samameler
niot surrounded by gravel. The thickness ol the glrenay wary with the iyps of formatic
and method of drilling. Howewer, a minimum of 15 teckness is genarally usad. A sacl
ol the gravel packod well 15 shown in Fig, 4

2.8 Factoes Alfecting the Selacton of a Partcular Typ of Pumg

The various faciorns which must be thoroughly cdessd whike selecting a partacu
type of & pump for & particular project |

(i)  Capacity of pumg

iy  Imponance of water supply sche

fiily  Initiad cost of pumping arrangemi

v)  Maintenance cost



[v)  Space requirements for lncating the pupm

{vil  MNumber ol units requirad

(vii)  Todal lift of waber resguirsd

(viii) Quantity of water 1o be pumped
Truly speaking, reciprocating pumps are also oesfighese days. and for 8l ordinary
conditians of pumping, the centnfugal types of égghamic pumps aa frequently wsad thesa
days, as they provide satisfactony and economidgamrHowever, pumps other than those of
centrilugal types may be used under extreme comeili The cholce between vanous types of
pumps & guided by the following considerabons:

For very small discharge, the rotary pumps may paebe equally satislactony as the
centrilugal pumpa, and lass costly if the watdsagpumped is free of sediment.

A centrifugal pump may pose operational problemsew constant discharge s
naaded at vanable heads (because it requiresigblmspeaad driving in that case) whereas,
the discharge throwgh & reciprocating pump depentison the speed of the pump, Hance,
under such circumstances, where water i 10 be pdrapainst very high but variable heads
with a higher suction lift, recipmcating pumps miag usaful, However, they can be used
only when the watar 1o be pumpsad i8 free of sedireed ample finances are availabla for
instaling the costly reciprocaling pumps.

Centrifugal pumps are especially useful for purgplwvaste water and waler
conlaining solids, although they are equally seidbr pumping treated walers. Evan amdong
tha cantrifugal pumps, & choita is somabmas madeobtha horizontal shalt centrifugal
purnip and the vartical spindke bore hole pump asdabbmengible pump, The horzontal
pump s the cheapeast and |5 used under & wide mihpamping condiffons, Bul vertical
spindle and submeargible pumps may be prefereddodling large quantites of water undar
low heads and for walls and bors holas.

Air it pumps may prove to be cheaper and, themml selected whaen wabed is
required o be pumped samultaneously from & noenddewells; because in that cass, &
common compressor unit can be used to feed alpthmaps. Howaver, thelr efficiency s
ganarally low.

The hydraulic ram and jo pumps may also be usstbuspecial circumstances. as
pointed out earfier.



