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SUJGYCQI’\'C. F 20 htC\[OTCS/CumC_C 2

Fas y
e 1500
0 )
) othey l<h0h'{
) . [ oo .
) Rabi R
i evennials PP 0\
‘: ..Ho(: "{OC{C(CY | .
\ Fackers on which_duby clepends

=

'y

—604:1 of hﬂjc\hbn Walber depencs vpon 1he. -fol/owa'nl_
= 4ac+or-
v B :l_/—‘jP;__ﬁ__ 0,/__;6‘:&__-» Different creps Tequire clifterent
* amount 9_[ wlatev, aned hence ~the cLuh’cs ')cor '{'hcm;f
© Owe different - A Cvep l’ccl(,u‘r.‘ng more Watey will
have less r-I’louvishn‘n . Qcreaqy --fo‘r the same SUI”P’i
04 later as Compared Lo that Fequiring Jecs
Water. hence duh.l wilt be [ess ~for & crap Fequiring
more. Waker ancl = Viceversea. - -

s () climate and Scason — s stated eavh‘ev,du}i
=2 Pocludes the watey loct in evaporation and.

’,: ptYCD[C&"On’ . ‘these losses gj?ll VCA’HJ- with., the

l " geason. hence duty Varies ffrom Season to Season,
ﬁ and alo . frem Lime to time. tn the. came
-‘/'»‘ ISCASDVL' ‘ |

:\‘/ Gfi)‘,,Q_é,,ﬁ‘i;_L:ta7”£all — LJ[ Some 01[ the vain '/C'“'"Q_
“‘/; dh’cc:“ bver the lTr?Za'rec[ [cmc\,fs (,uch[ Jor
/%D “+he «.arowth, o,‘ the ‘crop then so much less

Lrvigation watey will be TCVlhir&c{ to madure
More “the  Wsefull Yainfall , less willbe Hhe  requiremnd
q@* mr\aqh‘on Loa{*er, and hence Mmore. will be the

du{-j OQ( lTru‘ch{w‘orL water-

X
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\
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'GT,)_:WPCOQ_S_Q?{ -, lF the pcrm"e;aloflff 07[ the cor/

Onder the mrn‘gpdacl crop i hr’yh,, 1he water losé

due e ercolation will be more and F?C”CC—/ the

duty Wil be less . therefore, vfor candy soils,

.(,QHC/I’C, the PCTmcab'l“{"j/ é Is more, FHqC_c{U.I'C} O,L

L\LCLE‘ELY ?g (C85~
v [Edficiency of celbivation methoc —
S =———y 'c,_————,—d—-____,

(

_— T (

t{ the Lul%n‘va%t%m methocd mj {-fllajt < ‘
¢

Yesalbin

lWl‘(ja'él‘on) 15 -]faulé and Gt efficrent,
?h, ~the. 'waslfa C. oF (uajrcv, thie dut 0/. wa{’ef

LLill hafcukalll be [ﬁgs'z{

f’é teeo  €¢o omv’cqllj
LUl improve, cee +hd came  quantity of watey
toould be able —to ““*ja{'ﬁ more . Afeq.

ik Dc{frﬁéion&
charf - Res vl o Crep tabio -

- The area 4o be Urigated for Rabi
Crop s géherau more. than "Hwajf v-fm

cCrop- <This ya tis o] PTOPQSccl areas,
in Pl/z\hcm; . .Leacon 4o that In the: Rabl Seasoy

is calied . kharif - Rabi Fatie.
This ratie s 2&1’)&{“&“(7 199, f-e kharif crea 15
Onc-hatf- of the Rabi creat | |

aleo - Irigation —

A NN\A Mj/\/\ AN

Seme +Hmes , In Jhe initral 5'&70 before the

Crop is Sown, tthe land s Verj dﬂj -Thi's P.alt‘l’culmli
.MFPG”S CL{' “he. time '07[ | Sowinj 0.{ Raly Crops-
Lo caciie 2/ hotseplember, 'COA&r; The seil moy be oo -
Lo D7 b emenn easilg n Sacha casc',the ot *c
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moistened with water, So as 4o help in sowin
the -creps. this is known as palce lrrfja"l'on

Kor- waécr'rhj g :

AR Pks RAK AR .
~The first waterin which 1s Tven b:{, to a erop
When +the crop s @—qu centime bes high [s
Called Keot- Naz‘e;n‘nj JlE s asually ' the max Sinjlc_
"‘"“*e"'“J e Lo wee b'] othey aterings at

s ual ratervals, as “reyudired 67 drc,fn7 of
leaves:

'-jor QJ-—) The oph‘mum dCP‘Hq of kor- ?Alcl‘cn'r\j '-fDT
Yice rs 1qem,
Zfor wheat v about [3:5¢m

- '—}or SujcuCanc s 16-£cm -

e

The kere Lua’rev}nj musk be app[icc( w‘i{h.’n a‘(;'xec{
[ mited Pcn‘od catled? Koy Pan‘od - The Kor Pe.r(‘oc/

Jor Yice Vavits from 8- hleeks, and that fov
INNheat Varies ’fYom 310 § weeKs |

C ash Crops —
A, O AN ~~—

A cash crop ™M¢ Le defined as o crop which hay
4o be encashed tn the matkel ofor processing etc.
tL can't be consumed difcdlj b(j ~the culki (—oy_a,'
Al non foed  evops, ate thos ! Included T cash erop s
The —fooc[ crops ke whea 't , Fice, barley, Mmaoi3c el
cre etcluded From- the list of ‘Cach Crops
C rop Totation —>
e o~ AN AN

IMhen the Same. crop is grown. aaad’n, and ajou'n,
0 : :
'n the Same -(lcld , the .fq{,’h'{ o{ ‘land
3g+5 redoced as the Soil become deficient T

Flané ']tOOC[_S "J[qvoulab(c {o that Pa*f‘:fculcu)_
CI'OP.
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Pl ek
L In Ordcr 4o enhance "Hm: *fen‘: o/: the (ancf
origlnal Sfruc}alé

and 4o mare —the Soil Fegoin TEs
TE is otten -founcl Necessas cnd halpful fo jr’vc. .
Some  ftest 4o the land.

[anmj c;ftn be achieved either 57 al[ow:’n7 the
| ie. Jallew Without any cqylbtvation: fmf !
Some. tlme jor to  frow Crp which do not maJnQi-
'h/q,w'rc. those  Salts of —foocls tohich Wwere mcu'/)lg__
Fequired b;L the catlier Jrocon Crop.

Thie method bi gmu)m? clf’ferené Crops in volation
One cfbey —+he other Tn  ~the samt vfrclc/ fs called

Rotation @f crops .
.. 1 Cash - cro[) ma [;a 7[o[(owcc/ b;[ a Vfdc ey Crop

dhich In arn meay " be ~fottoweel % 3ol Tcnavat‘ml
C/roF [{Ke vam tuhtch being ol l'g adninduy crop

r,lpsm, gmn mkmaan {o? the r:/lCldﬁ “Hmreb#— c
-

h;novafmc;, the sofl.

Ex fotations 071 Crops | -
b Wheat - Juar — Gram. :\

C’b EI ce - @LTOWL ‘ : ’ e
(ip  Cotton- wheat - Gram-~ Fallow 8
[ &

(v Cobbon - Juar — @ram..
(¥ SUguuiahc, C[rmonﬁu) ’TI—mzim wheakw y'fam .

. effielenty

HC’L{'er CIIS'H quruan.wcoo Um-formi%y COC’H'CIM(» e €X

‘—'77& t'/ffcc*'VﬂCSS 0_{ [vriqation mmd also be oy
1Es Waker distribution C’{‘."fl'del)(kj’[/u) g
de/'ﬁfncd bclow ' | : o~
. - . l | e S
g = (-] A,

Q) -\!

M ea.s wled Ly
whieh Ts
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Where n_d - eder clishibution c;vf}ic:‘(ml/
el dun'

,‘ D = Mean depth of water sto n}
;. ' vy '9a tron - |

N d = AvereqC of the absolabe valuy o

s C{.CVI‘aH‘onS 'f*om —the mean . E.tj-ﬁ-
- Y : ‘ ' e 28

3 COHSumELl\f; Use (of)/g'_\QaFa{‘fansﬁfaémn (Cu>~>
}" Cansumph\re, Use -For a PCLTl'l’cular Cr0|) maj be ‘
b dedined as the Fotal amoubt of Water uscdﬂ
7 the plants tn hanspivation and evaporation From
= . P .

=3 Clcll‘accnk S.o‘?lstfn, an\J SPecfffcz:{ time

= The valuw o Cor\'SumPHVe (e ™Ma ‘be diftereat

- —{m' c\iHuanL? cyops, dand mc“j be different’ +OT the.
Same Cyop ok 'dr’ﬁerenk‘ ~imes andl. P[au:;. o
The ConsumPHVc te. *fov a 9iven CroP alt a We.n, P,CLC::‘

e mo"j Vath "H'\\’tha hd 'H\C. da“l, -Hwoujh&% "H’\C 'M'OHHL ” Ctnd t
A %hYOUjhcu.* the CYOP chi‘OCl | - i .

'—ﬂf\c'iqnsﬁ’ra{t‘on, 1s C[c{?n‘cc‘ as +h¢pro¢!§g b
which the water leaves a ll‘V"ﬂg 'PLQ.“E cloring phot % 
2 ~thvewgh s leaves ,to entey “the atmos 3hc3r W °S]“ +‘5"5
Vapodt . “Trancpiration  occay ohep "H\l | lazéa&wa -
: Mang-fad—qms Ccu.bohjdvm%s 'for its 8roPoo"”L. B;f the
T, Process of photasyathesis of aus
T

O .
'ﬁ\rouj‘wal: O‘H:r,hz ot brond  the. C‘fapbra{ron, Continues

. neahk  alt
fengs different. cuj‘q’ '3 a.t‘h‘mjh. Its Yate ma#,

Total mass or[ watey frans pived by the plan ~

—

"!”mr\SP}chrorL _
tatte  © d““'ﬂgr Tts Aan” glowth

M »

f’ CTRr) B .
TT\///‘? 3 Mass 5{ d*}‘mq%gr Proefuccc/ -
ijg//; TR hay o units | | At

s 2 3



£ When safficient moistare ©s freely available 0
Completely meet the needs 07[ the Ve_ge,fa{-ion ffdﬂ‘i
COVﬁn‘ﬂ, °n. area the Taswétnz CVl‘kPOHQ”SP}raH"’L—
ol the Po&enﬁ\al evapo- {‘fanSPiYaHo/l-

¥ “The real evapo~1‘:ran_gpira%g‘om ocmdn] in a specific
Situatien n —the ffr“cld howevey , 18Y called +he

Actual e\fapo foransleJrl'ofL- AET can be measat d

s

bj‘ lasimﬁfc\/.

= {fective ra‘fn{’au - ((R)

i N ~ean o Ny
PrgciPiEaHon -{allt‘nj durin ’fh(. gmuu‘ny Pe.n’ae/

_ DYFOL crop that s available 4o meef ~the evapo-

*bmahspt‘va{ran Needs Q_j the SR 18 CQUCC{¥ gﬂ-ech‘vc

Fainfall -

COHSLJLM[DQ\&C' lif? ,,aﬂ&n Qc‘\],u'ircmenf (CIR) —
% [t s thee amount o mrizah‘om Water Fequdyed
In ordey o Meet the evapo ansPIYCLh‘on, Neeels of
+the. crop dudng it ful growth. tk s Therefore
hofhn'n& buk -the Concomptive We itself, buk

excesale exclusive of effective precipitation., storef

Soil moisture , (o0 8round eovater « lalhen The lout

ials o fynomc{) ~then we can wWrite
Calslg = Cu-KRe-
Ned mrgation Fequirement — CMIR)

IR, IV NS S T o O S

(kg the amoeunt 'QJ nrigation watey *rqujmcf

In ofder to meet he evapohanspivation. . nece| of the
other needs sSuch af hachr’ng‘ :

@kof as well as
Cu, Ke o+ Wa'Lu’ lost as percelc}{-ron_
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Factors a—fﬁech‘n} consumptive Use >

Censumptive e @D e\fapo\t:ranspira{‘l’om dcvplcnds Upoh_\ all
~thote Jactors on which LVaPoraz‘l‘On- anel r}mnsp'pmh'om'
C{Cpcncl; such as temp, Sunh‘jhh homidity, wind |

Mevement, cic.

.9 s

Eg@imah’on 0,/' Aggn,sumphvc e -5

MAr\/\/u\M/\r AN O\ NANAA

,’ ’

- Blcmuj— criddle Equation, and

- 2. Harqyeaves class & pan  evaporation method.
& 3. Penman's 6sl(uqh‘orL

- BtaneJ—Cn‘c{du-aq -

o e Z (‘\/\/t :

. k-

S Cy = "TPB L(vgﬂzaj

- o il

=0 "’Jt {"O lext+32 ) 1s chrc-n&d bao[’ .

u— Cu- K_r ,.

= Hatamavcs class “A,\ffn‘ t{,\\f/C\LFOTa{iOh_ methoel =

- K .; EwaPo{‘ransPiTafl‘on_, GZ{, or LU)

== : : { : - k

=0 Pan evaporation LEP)

;;/,_13 E_k(_or)'C(_L: k'EP.

Lﬁ} Pﬁfmfg}'f S‘tu&{'“‘,{&"’ pahile the blanc] eridelle e,
l’/, and the Haxjreavej class & pan eyuction usfn?

c hyristiansen —][ormula. had been In usec ~for the
Lmsé Ihcmtj jwM -,Co: ComPuJa'n the Cbnsump(;ch,USc
values, cnd net (wfﬂq’crom requivement s -for ditfferent
C.rops .

LT

=

T ® ~—h .

—]/@ E £~ PEnmAK, Cctuahon_ has howevey more. Yecen‘l/:-r/,

ﬂ[/"') een (nfodoced -—for Cft%em')im‘nj —~+he Consomptive

& 2 {_/LS -

B o &S[“C{'n-/{cvcnk “qma'( D) d;f+e,en} 583fﬂenb q{aba.ﬂn:
. v Fa - .. avina each—



“The adva e wWith. this ey, lres n the 'fad‘
that {he df—ffuené‘ S'oec.‘-fl’ac{ Va luy OL oetfrecent c:?l_
}f&f[&d:l‘om' Calbeds), a'—fac{or Used n this e4,
cu available '-][Oi" dl‘f}ekanb \‘:7[)& 07/='areas, W hich. tan

be uged tn - Penmanb ey )
..A = C; ~€s 4
'T_’q_("-‘T'GL ’ ‘ c
CDCl:l atential inPonhanspira{r‘on)' ¢
e, (ol potential evaper . :
= A Hnt Eal ¢
A =
‘ «
w}\ue Y o Pszjahwoma{rc COnS{an{“- e
= O-hgmm 07L *4(7 [% -~
' ; ° ' 5 - —
The Paramg{gr' Ea 0.{ pcnman's eq, 15 estimated oy i
B, = 035 L+,V1'j o
' | L60O &
Inhere Vo = Mean wind speed at am above. the gound
‘ i km|[day S
€. = Sajcuvqépon, .»\fql)ou.c Press% at mean. ot (‘Unp 4
(n mmqﬁ Hc}, 1At | B
Ca = actual mean VaPocq pressey o"[ aly 1'n ranvL 6\
Hﬂ 1 od _ . G
o
S/
eNC B
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. Standard ’
ARl - @unh}j Oi( ,ar\n‘iafi‘/on Watey —y

L P N, W

N ‘A qeod 1vrigati v
e L on N 1‘ ;
\ “)e above Mmenkioned {“ndc;oe’ 1S “fth( one Nhl;h Pﬂ)[mms
C‘f { . ns Without an S!‘Clc
-fec s which yedarcls -the Plané rowth . h?'\ 4
water moybe said o be unsatil factor {057 e
Intended Wte I{ it centaing 7

-~

. chemicals {oxic +o plants (eb the persons usinl‘

‘ Plant as -focd-
‘ ' wWhich
s Q. Chemicals with react with. the soi| Lo procluce

Lmsa{’us-fac'!m moisture c havacteristics anc

- a3 Eac\len‘a inkuriocy +o pmsons (o animals Cah‘n7 f)/aﬂ)j
\‘cn‘Ja%ec{ with the Water:

| mpurities 7n g\"l\ya'ff\On Weater =

i/

A ~ AN et b

“The &ualf{j o{ l'T‘Tl\JQ'(.l(O"L Watey dcpem{s upon
| 4 Varvicas JCLJPU C{ ;mpuﬁfieg PreSc'nf fn N“hﬁi’, th ¢
: rjlo{low.‘nj bein +h e PTcm"nenf Ohes

- b (Oﬁffﬂjﬁa{l‘om D{ sediments in wlatber

%. ? s . “Toilal Concentralion. ¢ goluble calts

]:* 3. Proporét'on 0/ Ceoclium (ons {o other cations.

T ; L - (‘onccn}ra%l‘on o,{ H{oxic ele ments such ag boron

| Concentratren. ‘ Lo

T/} = Concentration. o i.ncar[:ona e Tn velation to the
T»/ Conccn'f‘fah'o"- o Calcium and maﬁhts;’c)m.

-‘/ - g s ch{:erl‘al ConCcn')TaHon.

[ ilater logging and drainoge

i a An a mcaltaral land is caid 4o be wq‘t"loﬁwl

: INhen its Produ C'HV\ELJ (]S} -fe'r (:il(l:j s affected
{ /,;') b} hl‘cah. water - fable . The C{CPHI 0_{ water-table
-[{-;'/’/ at which “l -ends to make the 'coil mater-logged
5> and hmm.[ql ds —the jmwﬁl and subsistence of plant
»  lide depends ovpon  the hetght of capillacy 14;n7¢,
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YWhich ts the heitght o whreh Wlaker will be rise .

Ciuf,nto €a p‘nl! ac)rn‘o_a.- | e

“The normal hefght of the capillw-»/ (Fﬂ'hjr, met c—
toibh ™ -a(jw‘cul%um? Soll \artes —fwm p-50 s 1-60m. o
The c[epjrh ol e ter dable lhich advevsel affects C“}

~the erLOH'L ‘of different Crops ! (c’lxren below

P

- Crops Depth o,{f Llater fable Cm&

(' L\lhﬁa‘r O"(lhl'lm C;:E
2. Cotton- 5 — &m :_[
T e B 0. 6m , " Cl:[
L - _:Suaaxcanf, O 3m @:[
5 - ::"Fooclcf Crop l~2rz, Rl
6 Luycei L2l B0 RHM e—L
Inc . é;i

Nobe —> Eftects, causes § Remedial measwes :i
gj wlater lwgin? = pleace Refer textbook i
: _ B, punmi'a l’a7€n0—:f‘1:l’—7br"o‘ N\l
el

el

S

I \\

¢ 7\

S

A i

NGia

o

' IN

o
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CANALS
%Ldllabus = C[ass’r—fﬁcahon. c{esl‘an O_f non-evodible
Canalg, Methods of €conomic sechion and maximam
ermissible Ve locit . economics of canal lt‘m'ﬂg,df’&'j’l

af ‘Cvoc{ible_ canals — kennedyls silt theory % laccy's
Ye(jnmc {'hecmj, balancfﬂj depth g/ cuttin -

C( ass 774\(&1‘0 n —

oooea

o -\ canal 7§ an ar{i)[l‘(.f'al ¢ hannel, fﬂ@m”y %mf’&?’w“[@

(n éhaPc_ conshructed on the 9round to camy Waker 4o The

—jpu‘elds etther —fvom the. rivey (o0 «from J Hdank o
Qtservcﬁ’r‘ :

Canals can be ([QSS[7[,‘€C{ . _(ou(mu‘rV q,)(’uag
(@C’assiﬁcmlt‘on ba{ep{_On_ —Ihe. natare o LSO&UEQO/;S({IDF{/L

(Y Pe_rmanen£ canal ® (nundation canal.
YA canal (s saild o be Fc.rmancn'f when (F s fcd by e
Pu’mcnenl- source of @uppltj-
v |nundatton canals usually draw Theiy or_sufplfe.s —from
Yivers Ihenever there is a h:‘ghs%age, e the Tivey.

(& ¢ lassification _lvaiscqi on the Hfunction 07[ the' canal

-— — s e

"0 Im\ga{fon camal (Y carrier canal 3 feecler canal
(& mavigation canal (& powier “Canal

= [yriqation canal carries Laaler v the aqrical bual 7fie.lc15,
> A cavrier Canal besides c{ofnj tm‘zaﬁon, Cavrits hlatey
or andthr Canal.

= A “feede.r Conal 15 constrected  With the dea 07[ f(ge([q?
two € moere Camls-
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,‘ @2 ’Ci[’ass_?f.*g%,‘oﬁ [11,5(’5/_ Oh. 'ﬁﬂE‘”E'\GI \Ou‘fﬁaé N

© Toc{uclrl‘va ‘Canal - (;
- ) Pméc,ﬁ{('\ff
R Cana/

ch up

' (L/‘dd @ net tevenue 4o the
(rrigalion in the areq .
rch‘(_]f INork @ Conshu CA’-C[

r7 - /JaY‘chle oo drom—

= pyoduetive Canals are those  (al
natien after «fcu{ dcvelopmn5 o
5 nrokective Canal s a sort o
Lth the (dea 0,{ PTD%@CH

,f)amfnc-

. D_ glfléi_SfE‘Cail\OlL_ éasia[ on_ ZJC)_UF_)C[C_UJ iiaifag?/_ﬁx fqp%fa

Rased on _l'hc“}LJPC_ of boundauj Swface, canals may be
g,[ <the ,{otlouu‘n -fLJpC/

(D ;A\UL\\N“OL\ Cana| & Non-Allavial Canal

€ (Rt\jfc\ boumdwj canal [ lined Canals]

D) C\assi{l‘cmlt\onz based on. the dischatge and its relafive.
\‘m,PD{‘LOm‘“ S aj}vf,n_ QC.4—<08IK~D,[ Ccanalp — |

[ Main Canal 9. Branch Canal

3- Majov dﬁsMLulCﬂy L. tMlnoy dz:s}v’iéc&ofst.
5 - L\Lmle\r COULSE

> Main canal e.ﬂe,rallg Carries  later direct —ﬁ'om, the
Yivey @O Reservory such. a canal Ccarries helv éqyplf@s
wnwd i hot used _—qu civect 1rigation - these arl. act -
L5 klaJre.y CaYr,'g_rTS o -fcecf Suppli'ds —I'o ‘branch. canal;S
\nd ~Ma}‘or clishibutaries -

5> Rranch canals are the branches o the mairn. canal
'L etthey Aireclion —takin off at reguleu Intervedls .
these canals are (,utmlﬁf 756..6.01@? Channels -fo:- rnaj'ori}
nﬁnor d?sf}ri}:u}a‘riu-'-’meg Ujuall:l Cod-ty 23 c{:‘gcha,tja_

Zl 5 cumecs



or Majoy dishibutarigs ciually  catted  Rafbhea . Hakeoff
whim - - pranch cand| “They are real !‘rrl‘jaﬂh‘on/ C/\C(I‘)r)(’_[?g
—the ir dr‘schcuac Varies from. I/LI to 5 cumecs.

= pEnoY (‘[I\Sfﬂé(,uta?’f@.f (o) Minoy take 957[ 7¢Om [oranc/)
(analf oV om distributaries . ~Thul CU(Schatg(_ usualg

|eae thoun My Cumecs -

> A Water cowse (o0 leld channel s a smal]l channe
(A hirch ulfima%ely —Jﬂe.erfs +the Iatey Ho Rrigation

._—f?e..ta[é-
—A(corct(‘n -!0 “HIE_ a.h’gnemﬂn[—/ a canal ma# be c[au/fn
af (D contour canal (D platershed canal
(3) 57(’[@ SIDPL canal.

~ Ridge canal (ev Wadercshed canal is 01(1‘(7/78.0/ along ¢,

ly\laljrsh_erl cndl ruans {or mos b o7L ris ‘unaéh B 2

LWatershed - '

= Contour tanal _C{ll‘inf(‘/ near! Paral(d. the condotds§ 07

—he area | 7

— Sr({c slope canal s a channel ale nec/ roughly of 1i h{-qujé’
: R Sl

o the contowy of the (ocmir(«]v arel 5 néither on +he.

Lklovﬁershed nor tn ~the \/allcy

P —

esian 0 Non - C,’,roc[f[)’é (oD MOn*ﬂlluvah.l c/\annt

Non-alluvial channels are. “Thosc.  wlhich f!ow
threugh. non- aluvial Sofls Such as loam, clay, moora
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Kennedy’s theory.
annel to carry 50 cumecs of discharg,

Example 4.7. Design an irrigation ch ' :
The channel is to be laid at a slope of 1 in 4000. The critical velocity ratio for ¢,

soil is 1.1. Use Kutter’s rugosity coefficient as () 023.
Solution. @ =50 cumecs, = 20106’ m=1.1, n=0.023

Use equation (4.19), as, Vy =0.55m .yO-G‘i

Assume a depth equal to 2 m
V= 0.55 x 1.1 x (2)%% = 0.605 x 1.558 = 0.942 m/sec

Q@ 50 _ 2
A—V0f0'942—53.1m.

Assume side slopes as % ;1 (—é—H: IVJ

Now, A=y (b.+y ' %J L T T i
R : :
53.1=2(0b+1) } !
or 26.55=5b+1 Iiy i'y
or b=25556m ! :

and P=b+2’\/(1+ﬂxy | & —

Fig. 4.9.
V5 25.55 + V5 x 2 = 30.03

or P=b+2—§_y:
A 53.1
R=5=3003= 17"
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But, from eqn. (4.20),

L, (23 N 0.00155] )
n S
V= \
14234 0.00155 0. RS
L s R
1 0.00155
| 0023 * %% * 174000 ‘\/1 i
L+ [9g , 0:0015510.023 Y4000
| 174000 |vV1.77
[43.5 + (23 + 6.2) 1
“1 |, 29.2x0.023 [1'33 n 63.3]
1.33
72T 1 727 1
=1+0505 183X g33=T1505 X 193 %533

=1.016 m/sec > 0.942 ; or V>V,

In order to increase the critical velocity (V,),, we have to increase the depth.
o increase the depth.

Use 3 m depth:
Vo= 0.605 x (3)*6% = 0.605 x 2.02 = 1.22 m/sec.
_ 90 _ 2
A=1o5=408m"
40.8=3 (b +%-3) or 136-15=b=12.1m.
P=121+2 x%8 =12.1+6.72=18.82
A 408
R P-1882 " 2.17 ; therefore VR = 1.47.
435 +29.2 1] 727
V=T 29.2%0.023 *[1'47 * 63.3] =145 147 ¥ 533
AW

=1.16 m/sec. < 1.22 ; or V < V{5, So reduce the depth.
Use 2.5 m depth

Vo= 0.605 x (2.5)%* = 0.605 x 1.797 = 1.087 m/sec.
50
A=Tos7 =%
46=2.5 (b +é-2.5)
184-1.25=b=17.15m .
P=17.15+V5x2.5=17.15+5.568 =22.73

79.7 1) 727 142
=292 x0.023 4% (63.3} 1.472 *63.3
1+ 711

=1.1 m/sec> 1,087 ; V>V,
So increase the depth.
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Use 2.7 m depth " URey

Vo = 0.605 x 1.189 = 1.147

50 ok
tadr - =0
43.5 =28 (b + %-2.8)

1554 =14=b=14.14m
P=14.14 + V5 x 2.8 = 14.14 + 6.26 = 20.40

A=

-
R = ;(3):1 = 2.13, therefore, VR = 1.46

Ve 72.7 [1.46}{72.6][1.46]
1+ 29.2 x 0.023 || 63.3 1.46 || 68.3
1.46
— 1.148 m/séc = 1.147 or V = V.
Actual velocity V tallies with V.
Hence, use the depth equal to 2.7 m and base width 14.14 m. (say 14.2 m) With

slopes 1 : 1 of trapezoidal section. Ans.

Example 4.8. Design an irrigation channel to carry 40 cumecs of discharg,
with B/D, i.e. base width to depth ratio as 2.5. The critical velocity ratio is 10
Assume a suitable value of Kutter’s rugosity coefficient and use Kennedy’s method.

Solution. Vp=0/55 %% (" m=1)
Here y=D

Vy=0.55 - D

| Q=AV

Using % : 1/slopes, area (A) of trapezoidal section is given as :

[
/ 1 D D
fA—"BD+2'2—D-§—D|:B+2:I

/ f
kg 2 D .. B _
40_D[B+2]V0 ( . D_2.5]

But B/D=25; or B=2.5D
40=D [2.5 D +0.5D] Vo =D [3D] Vo =3D* - Vy

But  Vo=055-D%% - 40=3D%(0.55- D"
064 40
o D™ =3 055 = 242
1
or D = (24.2)%%4 = (24.2)°%" =3.3¢ m

Now B=25D=25%334=835m
Now determine the slope S
A=3D%=3x(3.34)2=33.5 m%

P= [B +2- lgl D] = (8.35 + V5 x 3.34) = (8.35 + 7.46) = 15.81m

33.5
=Teer= 2.12, or VR = 1.456

V, = 0.55 (3.34)"%1 = 0.55 x 2.163 = 1.19
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Assume n = 0,023,
Using Eq. (4.20), we get

+(23 +

0.023

'0.00155 ) 1
S

V= 1.456 VS @)

1+ (23 N 0.00155} 0.023

S 1.456

Assume S =1/4000.
Putting this value of S and computing the value of V, we get
V= 43.5 + (23 + 6.2) o 1.456 _ 1114
149299 x 0.023 = 63.3
7 1.456

1.114 < 1.19 or V<V,
Therefore, to increase the value of V, we must increase/steepen the slope ;
hence, use a slope = 1 in 3700 (say)

1 . .
Putting S = 3700 in () above, we get
V=1.189=1.19

1 1
or V =V, for value of S ='3700 So use S = 3700
Hence, use a trapezoidal channel section as follows :
Depth =3.34 m
Base width = ?.35 m R
Side slopes =3 H:1V
Bed slope = 1 in 3700 |
vr ~Adwte Thanrv. A

Scanned with CamScanner



Example 4.10. Design a regime channel for a discharge of 50 cumecs and sy
factor 1.1, using Lacey’s Theory. - sy
Solution. @ = 50 cumecs, f=1.1 |

1/6 1/6
V= [Qﬁ] :[50 X g1.1)2]

1 140 140 -
Q_ o0
s v 0869'-563

R’E'T”E'T
P=475VQ =4.75 " V50 = 33.56 m

For a trapezmdal channel with 2 SH: 1V slopes

P=b+V5y and A=(b+%]y

33.56=b+V5 -y D) |

2 |

and ' 56.3=by + 12— . _ i)
From Eq. (i), we get, b =33.56 — 2‘_24y - |
Putting this value of b in Eq. (i)

e
56.3 = (33.56 — 2.24y] y +%
— 33.56y — 2.24y% + 0.5y% = 33.56y — 1.74y*
or 1.74y% - 33.56y + 56.3 =0

or y%-19.3y +32.4=0 '~‘
_19.3% V372-129.6 19.3+V242.4 _19.3+156 |
P ey A 2y |
__:1 aanfusion !
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- e e e e w  ———— Y e e W

Neglecting unfeasible + ve sign, we get
= 19.3 ; 15.6 _165m
y=1.65m. Ans.

b=33.56-2.24x1.65=29.7Tm
or b=29.77Tm. Ans.

L, f5/3 3 (1_1)5/3 . 1
3340 Q6 3340 (50)1/¢ 9420

Use a bed slope of 1 in 5420. Ans.

I R L s»neforiel n)[‘
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Earthen Dams and Rock Fill Dams

20.1. Introduction

Earthen dams and earthen levees are the most ancient type of embankments,
as they can be built with the natural materials with a minimum of processing and
primitive equipment. But in ancient days, the cost of carriage and dumping of the
dam materials was quite high. However, the modern developments in earth moving
equipments have considerably reduced the cost of carriage and laying of the dam
materials. The cost of gravity dams on the other hand, has gone up because of an
increase in the cost of concrete, masonry, etc. Earthen dams are still cheaper as
they can utilise the locally available materials, and less skilled labour is required
for them.

Gravity dams and arch dams require sound rock foundations, but earthen
dams can be easily constructed on earth foundations. However, earth dams are
more susceptible to failure as compared to rigid gravity dams or arch dams. Before
the development of the subject of Soil-Mechanics, these dams were being designed
and constructed on the basis of experience, as no rational basis for their design
was available. This led to the failure of various such earthen embankments.
However, in these days, these dams can be designed with a fair degree of theoreti-
cal accuracy, provided the properties of the soil placed in the dam, are properly
controlled. This condition makes the design and construction of such dams,
thoroughly interdependent. Continuous field observations of deformations and pore
water pressures have to be made during the construction of such dams. Suitable
modifications in the design, are then made during construction, depending upon

these field observations. <
20.2. Types of Earthen Dams \
The earthen dam can be of the following three types :

Y Homogeneous Embankment type
,,ﬁoned Embankment type

_3 Diaphragm type.
These three types of dams are described below :

“

(1) Homogeneous Em- Slope
bankment Type. The simplest pitching,

type of an earthen émbankment ==—--

consists of a single materialand = ZZI:

is homogeneous throughout. -2 ~S—e—\c----- -

Top flow line
called phreatic line

-— — s — ——
Sometimes, a blanket of rela- Z227 o Seepage
tively impervious material may o S P — A
be placed on the upstream face, Homogenous embankment Impervious
A purely homogeneous sectionis " h°U! 1Y internal drainage  foundation
used, when only one type of Fig. 20.1 (a). Homogeneous type embankment.
766
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EARTHEN DAMS AND ROCK FILL DAMS

material is economically or lo-  5loP€ protection Top flow line

cally available. Such a section is ==

used for low to moderately high SN

dams and for levees. Large 1’————_;:_— Seepgos Drainage

dams are seldom designed as pp— 9"\ A filter

homogeneous embankments. i : /I/ /\\ ]
A purely homogeneous sec- 77 mpervious foundation

tion poses the probl_ems i Fig. 20.1 (b). Homogeneous embankment

seepage, and huge sections are =" “provided with a drainage filter.

required to make it safe against
piping, stability, etc. Due to ‘ ' _ . '
this, a homogeneous section is generally added with an internal drainage s.ystem ;
such as a horizontal drainage filter (Fig. 20.1 (b)], or rock toe, etc. Tl_xe internal
drainage system keeps the phreatic line (i.e. top seepage line) well within f:he body
of the dam, and steeper slopes and thus, smaller sections, can be used. The internal
drainage is, therefore, always provided in almost all types of embankments.

(2) Zoned Embankment Type. Zoned embankments are usually provided

with a central impervious cOre, covered by a comparatively pervious tI:ansition
zone, which is finally surrounded by a much more pervious outer zone (Fig. 20.2).

Transition filter of
—==c mediocre permeability

Pervious
outer zone

Slope
protection

IRPErvious O
core
(Central core)

T I T T e T PP T
Impervious foundation

Fig. 20.2. Zoned type embankment.

Tlx_g_ggr_ltral core checks the seepage. The transition zone prevents piping
through cracks which may develop in the core..The outer zone gives stability to
Maw fill and also distribute @gl@__amr_éilarge_area_oﬂoun:
dations.
——

This type of embankm
zones are selected depending upon

highly impervious, may not make the best c
Due to this reason, clay is sometimes mixed with fine sand or fine gravel, so as to

use it as the most suitable material for the central impervious core. Silts or silty
clays may be used as the satisfactory central core materials. Freely draining
materials, such as coarse sands and gravels, are used in the outer shell. Transition
filters are provided between the inner zone and the outer zone, as shown in Fig.
20.2. This type of transition filters are always provided, whenever there is an
abrupt change of permeability from one zone to the other.
SB)_Diaphragm Type Embankments. Diaphragm type embankments have
a thin impervious core, which is surrounded by earth or rock fill. The impervious
Eﬂrg“glled Fliaphragm, is made of.imﬁgﬁ'idhs_s6ﬂ$,’_g/bncrete, steel, timber or any
%ﬂ‘iﬁmﬁtems a water barrier to prevent seepage through the dam. The
umphragm may be placed either at the centre as a central vertical core or at the
apjzrté,a}'n face as a blanket.. The diapbragm must also be tied to the bed rock or to
exist?n impervious found:fltlon material, if excessive under-seepage through the
g previous foundations has to be avoided (Fig. 20.3).

ents are widely constructed and the materials of the
their availabilities. Clay, inspite of it being

ore, if it shrinks and swells too much.
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The diaphragm
type of embankments
arc differentiated from
zoned embankments,
depending upon the
thickness of the core. If

]

NN

\
\

4~ Diaphragm

N

\ \\~\
\\ .
the thickness of the S 77" NN R —
diaphragm . Pervious R N\ ‘ T
phrag at any A P N\\\ A
N

elevation is less than 10 o . SN

VA A A A i A S AT av e e >
mo:tres or less than the Impervious foundot/lvo,n,/o'r//ae:;i/rgc’k o
height of the embank- Fig. 20.3. Diaphragm type embankment.

me'nt_ above the corresponding elevation, the dam embankment is considered to be
of Dxaphragm Type'. But if the thickness equals or exceeds these limits, it is
considered to be of zoned embankment type.

20.3. Methods of Construction

There are two methods of constructing earthen dams ;
(1) Hydraulic-fill Method ; and
(2) Rolled-fill Method.

(1) Hydraulic-fill Method. In this method of construction, the dam body is
constructed by excavating and transporting soils by using water. Pipes called
flumes, are laid along the outer edge of the embankment. The soil materials are
mixed with water and pumped into these flumes. The slush is discharged through
the outlets in the flumes at suitable intervals along their lengths. The slush,
flowing towards the centre of the bank, tends to settle down. The coarser particles
get deposited soon after the discharge near the outer edge, while the fines get
carried and settle at the centre, forming a zoned embankment having a relatively
impervious central core.

Since the fill is saturated when placed, high pore pressures develop in the core
material, and the stability of the dam must be checked for these pressures. This
type of embankment is susceptible to settlement over long periods, because of slow
drainage from the core. _

Hydraulic-fill method is, therefore, seldom adopted these days. Rolled-fill
method for constructing earthen dams 1s, therefore, generally and universally

adopted in these modern days.

(2) Rolled-fill Method. The embankment is constructed by placing suitable
soil materials in thin layers (15 to 30 cm) and compacting them with rollers. The
soil is brought to the site from burrow pits and spread by bulldozers, etc. in layers.
These layers are thoroughly compacted by rollers of designed weights. Ordinary
road rollers can be used for low embankments (such as for levees or bunds) ; while
power-operated rollers are to be used for dams. The moisture content of the soil
fill must be properly controlled. The best compaction can be obtained at a moisture
content somewhere near the optimum moisture content. (The optimum moisture
content is the moisture required for obtaining optimum density in the fill). Com-
paction of coarse gravels cannot be properly done by rolling and is best done by
vibrating equipment. Detail of rolling and compactiing different types of soils are
available in “Soil Mechanics and Foundation Engineering” by the same author.
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20.7. Causes of Failure of Earthen Dams G

2 Eartgl dams are less rigid .and hence more susceptible to failure. Every past
ailure of such a dam has contributed to an increase in the knowledge of the earth
fiam de51gner§. Earthen dams may fail, like other engineering structures, due to
improper d_esxgns, faulty constructions, lack of maintenance, etc. The ,variouS
E?ausiiss leading to the failure of earth dams can be grouped into ;:hé following three

‘-’ﬁydraulic failﬁres
T

Seepage failures

87 Structural failures.

These causes are described below in details :

_20.7.1. Hydraulic failures. About 40% of earth dam failures have been at-
tributed to these causes. The failure under this category, may occur due to the
following reasons: :

(a) By over topping. The water may overtop the dam, if the design flood is
under-estimated or if the spillway is of insufficient capacity or if the spillway gates
are not properly operated. Sufficient freeboard should, therefore, be provided as

an additional satety measure.

(b) Erosion of upstream face. The waves developed near the top water surface
due to the winds, try to notch-out the soil from the upstream face and may even,
sometimes, cause the slip of the upstream slope. Upstream stone pitching or riprap
should, therefore, be provided to avoid such failures.

(¢) Cracking due to frost action. Frost in the upper portion of the dam may

acking of the soil with dangerous seepage and consequent

cause heaving and cr :
llowance upto a maximum of say 1.5 m should,

failure. An additional freeboard a
therefore, be provided for dams in areas of low temperatures.

(d) Erosion of downstream face by gully formation. Heavy rains falling directly
over the downstream face and the erosive action of the moving water, may lead to
the formation of gullies on the downstream face, ultimately leading to the dam
failure. This can be avoided by proper maintenance, filling the cuts from time to

time especially during rainy season, by grassing the slopes and by providing proper
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berms at suitable heights (Fig.
20.5), so that the water has not to
flow for considerable distances.
The proper drainage arrange-
ments are made for the removal
of the rain water collected on the st 0 A NI SRR L et S e
horizontal berms. Since the
provision of berms ensures the
collection and removal of water SaE S
before it acquires high downward Fig. 20.5
velocities, the consequent erosion

caused by the moving water (run off) is considerably reduced.

(e) Erosion of the d/s toe. The d/s toe of the earth dam may get eroded due to
two reasons, i.e. (i) the erosion due to cross currents that may come from the
spillway buckets; and (i) the erosion due to tail water. This erosion of the toe can
be avoided by providing a downstream slope pitching or a riprap-up to a height
slightly above the normal tail water depth. Side walls of the spillway (called
diaphragm walls) must be of sufficient height and length, as so to prevent the
possibility of the cross flow towards the earthen embankment.

/oo Earth dam™ iy
ot embankment ;70N

20.7.2. Seepage Failures. Controlled seepage or limited uniform seepage is
inevitable in all earth dams, and ordinarily it does not produce any harm. However,
uncontrolled or concentrated seepage through the dam body or .through its foun-
dation may lead to piping or sloughing and the subsequent fallurg of t.he dam.
Piping is the progressive erosion and subsequent removal of the soil grains from
within the body of the dam or the foundation of the dam. Sloughing is the progres-
sive removal of soil from the wet downstream face. More than 1/3rd of the earth
dams have failed because of these reasons.

(a) Piping through foundations. Sometimes, when highly perme'flble cavities or
fissures or strata of coarse sand or gravel are present in the foundat_mn of the dam,
water may start seeping at a huge rate through them (Fig. 20.6). This concentrated

flow at a high gradient,
may erode the soil. This
leads to increased flow !
of water and soil, ul- 7 AR Foundation material

timately resulting in a === E{{': i ?,’gf,f,\ﬁg”b‘;ﬁ%ﬂ'?ﬁq dam
rush of water and soil, = T oA TN S
thereby creating hol- = o 2 ittt
lows below the founda- Pervious foundations
tion. The dam may sink

down into the hollow so
formed, causing its
failure.

Flowing water &
erosive malerial

' %ig. 20.6. Piping through the dam foundation.
(b) Piping through Fig. 20.6. Piping throug

the dam body. When the concentrated flow channels get developed in th
the dam, (Fig. 20.7) soil may be removed in the same manner as was expl d
foundation piping, leading to the formation of hollows in the dam body, an

subsequent subsidence of the dam. These flow channels may develop due to faulty
construction, insufficient compaction, cracks developed in embankment due to
foundation settlement, shrinkage cracks, animal burrows, etc. All these causes can

be rimoved by better construction and better maintenance of the dam embank-
ments.

e body of
ained in
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Piping thro
ugh the dam body, generally get developed near the pipe conduits

passing through th
k g e dam body. Cont: ; ng the ou
may either develop into ody. Contact seepage along the outer side of conduits

P1ping, or scepage

through leaks in the

f:onduits may develop ! :

into piping. This can be oo gl and ater

avoided by thoroughly - 7= - 2 AR and waler
————— A coming out

fl“d properly compact- T TT" T S O
ing the soils near the = SRR

outlet conduits and by TR
p_re\'enting the pos- - o
sibilities of leakage Fig. 20.7. Piping through the dam body.

through conduits, but

preventing the {:ormation of cracks in the conduits. These cracks in the conduits

%rrﬁ caused by differential settlement and by overloading from the embankment.

leali%:gihtffoiacﬁors are coqtro}led, automatically, the possibility of piping due to
gh the conduits is reduced.

(c) Sloughin.g of D/S Toe. The process behind the sloughing of the toe is
somewhat similar to that of piping. The process of failure due to sloughing starts
when the downstream toe becomes saturated and get eroded, producing a small
slump or a miniature slide. The miniature slide leaves a relatively steep face which
becomes saturated by the seepage from the reservoir and slumps again, forming a
more unstable surface. The process continues till the remaining portion of the dam
is too thin to withstand the horizontal water pressure, leading to the sudden failure
of the dam.

20.7.3. Structural failures. About 95% of the dam failures have been at-
tributed to structural failures. Structural failures are generally caused by shear

failures, causing slides.
(a) Foundation slide. (i.e. overall stability of the dam). When the foundation of

the earth dams are made of soft soils, such as fine silt, soft clay, etc., the entire
dam may slide over the foundation. Sometimes, seams of fissured rocks, shales or

soft clay, etc. may exits under

the foundation, and the dam

may slide over some of them, e
causing its failure. In this type

of failure, the top of embank-

ment gets cracked and sub- 4 53
sides, the lower slope moves =8 A VIO N LA
outward forming large mud weak or soft foundation

waves near the heel, as shown Fig, 20.8. Sliding due to soft or weak foundation.
in Fig. 20.8: |

Excessive pore water pressure in confined scams of sand and silt, artesian
pressure in abutments, or hydrostatic excess developed due to consideration of clay
seams embedded between sands or silts, etc. may reduce the shear strength of the
soil, until it becomes incapable of resisting the induced shear stresses, leading to
the failure of the dam foundation whithout warning. Loose sand foundations may
fail by the liquefaction or flow slides.

(b) Slide in Embankments. When the embankment slopes are too steep for the
strength of the soil, they may slide causing dam failure.

e —— - ——
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| _<20.8. Design Criteria for Earth Dams

(1) A ﬁll of sufficiently low permeability should be developed out of the avajl-
a!:)le materials, so as to best serve the intended purpose with minimum cost. Borrow
pits should be as close to the dam site as possible, so as to reduce the leads.

(2) Sufficient spillway and outlets capacities should be provided so as to avoid
the possibility of overtopping during design flood.

(3) Sufficient freeboard must be provided for wind set-up, wave action, frost
action and earthquake motions.

(4) The seepage line (i.e. phreatic line) should remain well within the
downstream face of the dam, so that no sloughing of the face occurs.

(5) There is little harm in seepage through a flood control dam. if the stability
of foundations and embankments is not impaired, by piping, sloughing, etc. : but
a conservation dam must be as watertight as possible.

(6) There.should be no possibility of free flow of water from the upstream to

the downstream face.

(7) The upstream face should be properly protected against wave action, and
the downstream face against rains and against waves upto tail water. Provisions
of horizontal berms at suitable intervals in the d/s face may be thought of, so as
to reduce the erosion due to flow of rain water. Ripraps should be provided on the
entire ws slope and also on the d/s slope near the toe and up to slightly above the
tail water so as to avoid erosion.

(8) The portion of the dam, downstream of the impervious core, shou_ld be
properly drained by providing suitable horizontal filter drain, or toe drain, or
chimney drain, etc.

(9) The upstream and downstream slopes should be so designed as to be stable
under worst conditions of loading. These critical conditions occur for the ws slope
during sudden drawdown of the reservoir, and for the d/s slope during steady
seepage under full reservoir.
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SEEPAGE ANALYSIS

$eepage occurs through the body of all earthen dams and also through their
pervious foundations. The amount of seepage has to be controlled in all conserva-
tion dams and the effects of seepage (i.e. position of phreatic line) has to be
controlled for all dams, in order to avoid their failures.

The seepage through a pervious soil material, for two dimensional flow, is given
by Laplacian equation .. '

2 2 i§
?_% 4 Q_&gz 0 B 8 ..(20.14)
ox“  Qy ' ‘

‘ ~ where ¢ = K. h = Velocity potential
‘ ' "K'= Permeability of the soil
h = Head causing flow.

—

The above equation is based‘on the following assumptions :
(i) Water is incompressible. .~ . |
(it) The soil is inCompressible and porous. The size of the pore space do not
change with time regardless of water pressure.-
U728 The quantity of water entering the soil in any given time is the same as
the quantity flowing out of the soil. ' :
(iv) Darcy’s law-is valid for the given soils.
(v) The hydraulic; boundary conditions at the entry and exit are known.
A graphical solution of the above equation, (i.e. Eq. 20.11) suggests that the
flow through the soil, following the above assumptions, can be represented by a

flow-net ; which consists of two sets of curves, known as ‘Equipotential lines’ (i.e.
lines of equal energy) and ‘stream lines’ (i.e. flow lines), mutually perpendicular to

each other, as shown in Fig. 20.11.

Equipotential Top tlow line
lines ie. phreatic line

T s — = Flow lines or .
T =T stream lines
b ==ae ey S
\, e AN VAN Y2 2N Z AR e T AR
. ‘ % RN "~'€)

[Grovel filter

L

Fig. 20.11. Flow Net,
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20.13.4. Stability of Upstream Slope During Sudden Drawdown. When
‘the reservoir is full, the critical region is near the downstream face. If no drainage
arrangement is made and the d/s slope is also steep, the phreatic line may intersect
the d/s slope creating serious conditions there. This can be avoided by providing
drainage filter or drainage toe, etc., or by broadening the base of the dam so that

the head loss is great enough to bring the line of saturation beneath the d/s toe of
the dam.

For the ws slope, the critical condition can occur, when the reservoir is sud-
denly emptied. In such a case, the water level within the soil will remain as it was

when the soil pores were full of water. The weight of this water within the soil,
now tends to slide the u/s slope along a circular arc.

The tangential component of the saturated soil lying over the arc, will create
a disturbing force ; while the normal component minus the pore pressure shall
supply the shear strength of the soil. High pore pressures shall be developed in
this case and although a true solution can be obtained from the flow net and
pressure net, an approximate solution can be easily obtained, by considering the

soil resting over the failure arc as saturated, for calculating T's ; and as submerged
for calculating N’s.

The factor of safety (F.S.) is finally obtained from the equation

-AB +tan ¢ TN’
F.S. =*
S — T

N’s .represent normal components on submerged density and T'’s represent
tangential _components on saturated unit weight of soil. The maximum factor of
safety obtained for the critical slip circle should be 1.5, for safe designs.
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The seeping water below e 10 | o
the phreatic line, exerts a Slip circle "’,/ \
pore pressure on the soil e ‘\ :
mass which lies below the ______ Al ~ 0 Phreatic line
phreatic line. Hence, if the )z S g 7 [\%
slices of the critical arc, hap- =~ | 67 ' Slip
pen to include this sub- S \ circle
merged soil, [Fig. 20.25 (a)], Wb ra I e =
the shear strength developed ail %‘ [N
on those slices shall be cor- : Vsubmgrged soi?
respondingly reduced. The C R Fig. 20.25 (a)

net shear strength on such a _ _
slice shall be =c AL + (N - U) tan ¢, where U is the pore pressure.

The factor of safety (S.F.) for the entire slip circle is then given by the equation.

_c-AB. +tan ¢ (EN - ZU)
B.S,= ST

where ZU is the total pore pressure on the slip circle.

...(20.25)

The pore pressure at a point is represented by the piezometric head at that
point as explained earlier. The variation of the pore pressure along a failure arc
is, therefore, obtained as explained below :

First of all, draw a flow net and thus determine the points of intersections of
equipotential lines with the failure arc. At each point of intersection, measure the
vertical ordinate from that intersection to the level at which that particular equi-
potential line cuts the phreatic line. The pore pressures represented by the vertical
heights so obtained, are then plotted to a scale in a direction perpendicular to the
sliding surface at the respective points of intersection.

The pore pressure distribution is thus shown in Fig. 20.25(b) (shaded area).

Area of U-Diagram
(shown shaded)

Fig. 20.25 (b)

T.he area of this diagram can be measured by a planimeter. The area of this
diagram can also be calculated by ordinate method as was done for N and T cases

taking the unit weight of water as 9.81 kN/m?® (=10 kN/ms). Knowing
IN, ZU and =T, F.S. can be calculated easily by using equation 20.25.
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SEEPAGE CONTROL IN EARTH DAMS

The water seeping through the body of the earthen dam or through the
foundation of the earthen dam, may prove harmful to the stability of the dam by
causing softening and sloughing of the slopes due to development of pore pressures.

It may also cause piping either through the body or through the foundation, and
thus resulting in the failure of the dam. .

20.14. Seepage Control Through Embankments

Drainage filters called ‘Drains’ are generally provided in the form of (a) rock
toe (b) horizontal blanket (c) chimney drain, etc. in order to control the seepage
water. The provision of such filters reduces the pore pressure in the downstream
portion of the dam and thus increases the stability of the dam, permitting steep
slopes and thus affecting economy in construction. It also checks piping by migra-
tion of particles. These drains, consist of graded coarse material in which the
seepage is collected and moved to a point where it can be safely discharged. In
order to prevent movement of the fine material from the dam into the drain, the
drain or filter material is graded from relatively fine on the periphery of the drain
to coarse near the centre. A multi-layered filter, generally called inverted filter

“or reverse filter is provided as per the criteria suggested by Terzaghi for the design
of such filters.- -

The various kinds of drains, which are commonly used are shown and described
below : : -

20.14.1. Rock Toe or Toe Filter [Fig. 20.31 (e)]l. The ‘rock toe’ consists of
stones of size usually varying from 15 to 20 cm. A toe filter (graded in layers) is
provided as a transition zone, between the homogeneous embankment fill and rock
toe. Toe filter generally consists of three layers of fine sand, coarse sand, and gravel ;

Phreatic line

________ ‘.. Fine sand

_________ -Coarse sang
Gravel

Rock toe
e AL PRXL »d:
;"‘.‘_"._-._:'-:'-f‘.:.‘v__-‘;,_- 5 . 15CI’n
Toe filter calle

e — e - Homogenous TN
—_— embankment 25
e fill cm

R T

d rock 'toe

Fig. 20.31 (a). Rock Toe.

Scanned with CamScanner



1c'fl)ztper the filter criteria requirements. The height of the rock toe is generally kept
B \}YEEH 25 to 35%’? of reservoir head. The top of the rock toe must be sufficiently
1gher than the taijl water depth, so as to prevent the wave action of the tail water,

20.1f1.2. Horizontal Blanket or Horizontal Filter. [Fig. 20.31 () and (c)].
The horizontal filter extends from the toe (d/s end) of the dam, inwards, upto a
distance varying from 25 to 100% of the distance of the toe from the centre line of
the dam. Generally, a length equal to three times the height of the dam is sufficient.
The blanket should be properly designed as per the filter criteria, and should be
sufficiently pervious to drain off effectively.

Horizontal
blanket drain

Fig. 20.31 (b). Horizontal Filter.

_HoriZon/tGI drain filter
in layers

Fig. 20.31 (c). Inefficient ‘Horizontal drain’ in stratified embankments.

20.14.3. Chimney Drain. [Fig. 20.31 (d)]. The horizontal filter, not only helps

in bringing the phreatic line : -
down in the body of the dam ==~ —==27 . F'lfﬁrlg,%tfsm

but also provides drainage of 7= =
the foundation and helps in IZ=_~
rapid consolidation. But, the —_~

horizontal filter tries to make Zertical/inclined tace
the soil more pervious in the , L )
horizontal direction and thus Fig. 20.31 (d). ‘Chimney Drain’ in Stratified Embankments.

causes stratification. When
large scale stratification occurs, such a filter becomes inefficient as shown in Fig.

20.31 (c). In such a possible case, a vertical filter (or inclined w/s or d/s) is placed

along with the horizontal
filter, so as to intercept the
seeping water effectively,
as shown in Fig. 20.31 (d).
Such an arrangement is
termed as chimney drain. Fig. 20.31 (e). Horizontal filter combined with rock toe.

Sometimes a horizontal fil- .
ter is combined and placed along with a rock toe, as shown in Fig. 20.31 (e).

W
T T )
N A N ) PR RIS

Horizontal
tilter

20.15. Seepage Control Through Foundations
Tbe amount of water entering the pervious foundations, can be controlled by
adopting the following measures :

20.15.1. Impervious Cutoffs. Vertical impervious cutoffs made of concrete or
sheet piles may be provided at the upstream end (i.e. at heel) of the earthen dam
(Elg. 20.?2). These cgtoffs should, generally, extend through the entire depth of
the pervious foundation, so as to achieve effective control on the seeping water-
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When the depth of the per- A
vious foundation strata is ~ ___ &

very large, aCUtOff, up to a ST = s S

lesser depth, called a par- extending for the 5

tial cutoff may be provided, Who'e depthof 2

Such a cutoff reduces the founda. 55

seepage discharge by a lof or [

smaller amount. So much  partiallyf Pervious foundation

so, that a 50% depth :

reduces the discharge by FITT7TTTTTTT 7777777 77777777
95%, and 90% depth Impervious foundation

reduces the discharge by Fig. 20.32

65% or so.

20.15.2. Relief quls and Drain Trenches. When large scale seepage takes
place through the pervious foundation, overlain by a thin less pervious layer, there

is a possibility that the water may boil up near the toe of the dam, as shown in
Fig. 20.33 (a).

i —

. Sand
Possible S
; boiling
borrow pit ? f f
e 4d 777 //////{// T 7 7 7 e
> ‘ Relatively impervious thin foundation layer

— AP
=~ =+ ~_High pressure
.+ ~ water & Sand

A - e e e Te e T mixture, -
-T1 1.4 7 sand (Pervious foundation) bt - LT
e A A A AN

Fig. 20.33 (a). Sand Boiling Phenomenon.

can be controlled by constructing relief wells or drain

Such a possibility, 20.33 (b) and (c),

trenches through the upper impervious layer, as shown in Fig.

— — — ——
————

o e —— —— Earth dam
== o= s embankment

T
Toarvious Layer

Impgrvi

. - PR Al

. .. DTS e = “ ..'- - _':. LY ,. . .
. \__'.- " ..’_—- LV (T uadlh t"':' “ .-_. . eew, s :
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- ’I ""‘1"’"1' ! i L u'a.' L L : .'.-.- ! N ke ~ et rellef WC“S
e ML PRI R A . I & . et

DR
. . 5
L A v, e - e » ® i e . s .

. ¥
Wovg - y V4" e 1 ‘e e e 4 L . .
. .
’
’

Fig. 20.33 (b). provision of Relief Wells.

i -, The sibili "sand boiling may also
: f seeping water. The possibility of sanc 1y al
ls)(c)a ii:frcﬂ(;;:ingye;:?gfd?n;;/g berms beyond the toe of the dam as shown in Fig.
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Fig. 20.33 (c). Enlarged View of Drain Trench.

20.33 (d). The weight of _ ¥

the overlying material, in === ==———2~ O[S berm or
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to resist the upward pres- =2

sure and thus preventing 7777777 77 777777 7 7777777757
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f
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Fig. 20.33 (d). Provision of d/s Berms.

20.16. Design of Filters

The drainage filters must be designed in such a way that neither the embank-
ment nor the foundation material can penetrate and clog the filters. The per-
meability or size of filter material should also be sufficient to carry the anticipated
flow with an ample margin of safety. A rational approach to the design of filters

has been provided by Terzaghi. According to him, the following filter criteria should
be satisfied.

D5 of filter b0 D5 of filter
Dgs of base materials SpeP 28 D5 of base material

..{20.50)

The embankment soil or the foundation soil surrounding the filter, is known
as base material.

When the ratio of D5 of filter to Dgs of base material does not exceed 4 to 5,
base material is prevented from passing through the pores of the filter. Similarly,
when the ratio of D5 of filter to Dy of base material is more than 5 (between 5
to 40), the seepage forces within the filter are controlled up to permissible small
magnitudes.

Multilayered filters (generally 3 layers) consisting of materials of increasing
permeabilities from the bottom to top are, many a times, provided and are known
as inverted filters. These filters are costly and should be avoided where possible.
The minimum total thickness of filter is 1 m. However, if sufficient quantities of
filter material are available at reasonable costs, thicker layers of filter may be
provided. The thicker the layer, the greater the permissible deviation from the
filter reauirements.

Scanned with CamScanner



Spillways, Energy Dissipators, and
Spillway Gates

21.1. Introduction

A spillway is a structure constructed at a dam site, for effectively disposing of
the surplus water from upstream to downstream. Just after the reservoir gets filled
up, up to the normal pool level, water starts flowing over the top of the spillway
crest (which is generally kept at normal pool level). Depending upon the inflow
rate, water will start rising above the normal pool level, and at the same time, it
will be let off over the spillway. The water can rise over the spillway crest, upto
the maximum reservoir level, which can be estimated from the inflow flood
‘hydrograph and the spillway characteristics, by the process of flood routing, ex-
plained earlier. Therefore, it is only the spillway, which will dispose of the surplus
water and will not let the water rise above the maximum reservoir level. Had there
been no such structure, over which the water would have overflown, the water
level must have exceeded maximum reservoir level, and ultimately would have
crossed the freeboard and thus overtopped the dam, causing the failure of the dam.
Hence, a spillway is essentially a safety valve for a dam. It must be properly
designed and must have adequate capacity to dispose of the entire surplus water
at the time of the arrival of the worst design flood.

Many dams have failed (especially the earthen dams) because of the improper-
ly designed or inadequate spillways.

21.2. Location of a Spillway

A spillway can be located
either within the body of Maximym
dam, or at one end of it or ™, Top of domy W4 [wc T
‘entirely away from it, inde-
pendently in a saddle. If a
deep narrow gorge with

Free board

________ Spillway crest

Flank called

steep banks, separated from Main gorge N?QTQ?I pool B
a flank by a hillock with its
level above the top of the
dam (such as shown in Fig.
21.1), is available, the .
Fig. 21.1

spillway can be best built in-
dependently of the dam.

Under such circumstances, a concrete or an earthen dam can be constructed
across the mai.n valley and a spillway can be constructed independently into the
saddle. Som?tlmes, a concrete or a masonry dam along with its spillway can be
constructed in the main valley, while the fiank or flanks are closed by earthen
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VARIOUS TYPES OF SPILLWAYS
Depending upon the type of the structure constructed for disposing of the
surplus water, the spillways can be of the following major types :
r(’I)/Straight Drop Spillway.
_(2) Ou;zrﬂow Spillway generally called Ogee Spillway. -
_(3)Chute Spillwc;y often called Trough Eﬁllway or Open channel Spillway.
(4) Side Channel Spillway.
2(5) Shaft Spillway.
(6) Syphon Spillway. _ —
The vérioﬁrs'types of spillways enumerated above are described below along
with the design details of ‘Ogee Spillway’ and ‘Chute Spillway’. :
21.5. Straight Drop Spillway or Overfall Spillway

This is the simplest
type of spillway and may

be constructed on small [~Top of spillway

bunds or on thin arch = Crest.

dams, etc. It is a low weir e e Free overfall
and simple vertical fall = o S 3y under gravily
type structure, as shown = = ==-]

Under side

of nappe 10 \\a\
be ventilated §\\\\\\

in Fig. 21.3. The = == ==
downstream face of the - ———

structure may be kept « — - —-—- NN WAN

. . . r7aNy 2SO\ rdZa N\ RN 7 AN
vertical or slightly in- Serious erosion is
clined. The crest is some- 3‘;‘:3;‘,‘1 thel_;e lrfo L
L - . C'
times ext d in_the P

form of erhanging i _ _
"p—which keeps small Fig. 21.3. (a) Straight drop spillway
E%}W‘)m the without d/s protection.

face of the overfall sec-

tion. The water falls free- = = - ----=

' == = ST .
ly from the crest under —i T T o= _¢Hydraulic
the action of gravity. —==- o R
Since vacuum gets werr wall or ===
created in the underside spillway wall - — — ———<

portion of the falling jet, .
sufficient ventilation of 7 AT7fa el i TN S T
the nappe is required in 3 oL o\
order to avqid pulsating ufs 'cm off Low sg:?nn arg D[S Cut-off
and fluctuating effects of
the jet. The design of such
a spillway is done as that
of a weir which was ex-
plained in the chapter on Fig.
weirs. Sometimes, a
secondary dam of low

-

21.3. (b) Straight drop spillway
with d/s protection works.
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height is constructed on the downstream side to create an artificial pool of wate
so as to dissipate the energy of the falling water. r

21.6. Ogee Spillway or Overflow Spillway

Ogee spillway is an improvement upon’thc ‘free overfall spillway, and is widely
used with concrete, masonry, arch and buttress dams. Such a spillway can be easily
used on valleys where the width of the river is sufficient to provide the required

l—Mcx. reservoir

Level
E=T— o = == -7
= Z-Designed head = =
=== ===
:Sh_c;rp_cy—e-sfe_d:- e N A Lower
_—— weirr —— 1+ R nappe

Crest of
the ogee
spillway

Fig. 21.4. (a) Section of an ogee spillway
with vertical u/s face.

crest length and the river bed below can be prétected from scour at moderate costs.
The profile of this spillway is made in accordance with the shape of the lower nappe
of a free falling jet, over a duely ventilated sharp crested weir, as shown in Fig. 21.4

(a).

QR S ¥ B

Fig. 21.4. (b) Photoview of an Ogee Spillway of Amaravathi dam (earthem cum masonry dam)
located on river Amaravathi (a tributary of river Cauvery)
in Coimbatore District in Tamil Nadu state.
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X dTltle Sh.ape of the 10wqr nappe of freely .fullingjct over a sharp crested weir can
c e'erm.lr}ed by the principle of projectile. It generally rises slightly (to point
C) as it originates from the crest (O) of a sharp crested weir and then falls to make
a parabolic form. Now, if the space between the sharp crested weir and the lower
nappe is filled with concrete or masonry, the weir so formed will have a profile
similar to an ‘ogee’ (S-shaped curve in Section), and hence called an ‘ogee weir’ or
an ‘ogee spillway’. This lower nappe, will then become the crest of the spillway.
Since the lower nappe of the free falling jet will be different for different heads
over the crest of the sharp crested weir, the profile of the ogee wetr is generally
confined to the lower nappe that would be obtained for maximum head over the

spillway (i.e. upto the maximum reservoir level).

In a free overfall spillway, the water jet falls clearly away from the face of the

spillway, and the gap between
the jet and the face is kept

ventilated. While in an ogee
. ) L MWL.
spillway, the falling water —=—==——"—_
glides over the curved profile Designed hea
of the spillway, and there s —-—=-=--—-=-- T

0 -
no space between water and L
crest of the spillway, under UJS Face of

spillway

normal design conditions.

Normally, the upstream
face of the spillway is kept
vertical and the crest shape
confirms to the lower nappe of
a vertical sharp crested weir
under maximum head. But if Fig. 21.5. Ogee spillway with inclined u/s face.
the upstream face of the
spillway is kept sloping, the cr
that would be obtained for an inclin
t of the ogee spillway can be made to confirm only

to one particular nappe that would be obtained at one particular head. This head
is called the designed head and represented by, say, Hy. Butin practice, the actual

head of water on the spillway crest, called the operating head, may be less or more
than the designed head. If this operating head on the spillway is more than the
thereby

designed head, the lower nappe of the falling jet may leave the ogee profile,
generating negative pressure at the point of separation. The generation of vacuum
or negative pressure (i.e. pressure below the atmospheric pressure) may lead to
formation of bubbles or cavities in the water. These cavities or bubbles filled with
air, vapour and other gases are formed in a liquid, whenever the absolute pressure
(i.e. atmospheric pressure—vacuum pressure) of the liquid is close to its vapour
pressure, so as to commence evaporation. Such a condition may arise when the
head of water is more than the designed head and the consequent high velocity jet
'catuses reduced pressures or negative pressures in the lower region of the water
jet.

Such cavities, on moving downstream, may enter a region where the absolute
pressure is much higher (i.e. more vacuum). This causes the vapour in the cavity
to condense al.ld return to liquid with a resulting implosion or collapse of the cavity.
When the cavity collapses, extremely high pressures are generated. The continuous
bombardment of these implosions will thus take place near the surface of the
spillway, causing fatigue failure of its material. The small particles of concrete of

est shape should also confirm to the lower nappe
ed sharp crested weir (Fig. 21.5).

21.6.1. Cavitation. The cres
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maconry are thus broken away, causing formation of pits on its surface and giving
the surface a spongy appearance. This damaging action of cavitation is called
‘pitting’. The cavitation plus the vibrations from the alternate making and breaking
of contact between the water and face of the spillway, may thus result in serious
structural damages to the spillway crest. Hence, it can be concluded that if the head
of water over the spillway is more than the designed head, cavitation may occur.
On the other hand, if the head of water over the spillway is less than the designed
head, the falling jet would adhere to the crest of the ogee spillway, creating positive
hydrostatic pressures and thereby reducing the discharge coefficient of the weir.

21.6.2. Designing the Crest of the Ogee Spillway. The ogee spillways
were being designed in the earlier periods, in accordance with the theoretical
profile obtained for the lower nappe of a free falling jet. The profile was known as
Bazin’s profile. Theoretically, the adoption of such a profile, should cause no
negative pressures on the crest under designed head. But in practice, there exists
a lot of friction due to roughness on the surface of the spillway. Hence, negative
pressure on such a profile seems inevitable. The presence of negative pressure
causes the danger of cavitation and sometimes fluctuations and pulsations of the
nappe. Hence, while adopting a profile for the spillway crest, the avoidance of
negative pressures must be an objective along with consideration of other factors
such as practicability, hydraulic efficiency, stability and economy. Depending upon
research work based on these objectives, various modified profiles have been

proposed these days.

Several standard ogee shapes have been developed by U.S. Army Corps of
Engineers at their Waterways Experimental Station (WES). Such shapes are
known as ‘WES Standard Spillway Shapes’. The d/s profile can be represented by

the equation

=K-H" 'y .(21.1)
where (x,y) are the co-ordinates of the points on the

crest profile with the origin at the highest
point C of the crest, called the apex

H; is the design head including the velocity
head.

K and n are constants depending upon the slope of
the upstream face. The values of K and n
are tabulated in Table 21.1.

Table 21.1
| Slope of the u/s face of the spillway K | n
Vertical 2.0 1.85
1:3(1H:3V) 1.936 1.836
L\ 1:13 (1H : 14V) 1.939 1.810
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21.6.4. Discharge Formula for the Ogee S
: illway. The d o
over the ogee spillway is given by the equat?on . P y. The discharge passing

Fig. 21.11

Q=C-L,H? (21.4)

where Q Discharge
L, = Effective length of the spillway crest

C = Coefficient of discharge which depends
upon various factors such as relative
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depth of approach, [i.e. d/Hy ratio (Iig.
921.11), relation of actual crest shape to the

ideal nappe shape, slope of upstream face,
downstream apron interference, and sub-

mergence, etc.

H,= Total head over the cr
velocity head.

t If the discharge Q is used as the design discharge In
erm H, will be the corresponding design head (H,) plus t
such a case, H, =H, + H,. For high ogee spillways, the vel

and He - Hd. é L -

est including the

Equation-(21.4), then the
he velocity head (Hp). In

ocity head 1s very small,
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21.7. Chute Spillway or the Trough Spillway

An ogee spillway is mostly suitable for concrete gravity dams especially when

the spillway is located within the dam body in the same valley. But for earthen
and rockfill dams, a separate spillway is generally constructed in a flank or a

saddle, away from the main valley, as explained earlier. Sometimes, even for
gravity dams, a separate spillway is required because of the narrowness of the
main valley. In all such circumstances, a separate spillway may have to be
provided. The Trough Spillway or Chute Spillway is the simplest type of a spillway
which can be easily provided independently and at low costs. It is lighter and
adaptable to any type of foundations ; and hence provided easily on earth and
rockfill dams. A chute spillway is sometimes known as a waste weir. If it is

——

T~
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21.8. Side Channel Spillway

The side channel spillway (Fig. 21.22) differs from the chute spillway ip, th
sense that while in a chute spillway, the water flows at right angles to the Weii
crest after spilling over it, whereas in a side channel spillway the flow of
after spilling over the crest, is turned by 90° such that it flows parallel to
crest (AB), as shown in Fing(&)f”E e e S e

This type of spillway is provided in narrow valleys where no side flanks of
sufficient width to accommodate a chute spillway are available. If a crest length
equal to AB is provided along AC (i.e., along axis of a chute spillway), heavy cutting
shall be required. In such topographies, a chute spillway may be replaced by a side
channel spillway.

Water

The design of side channel, required for diverting the flow, is beyond the Scope
of this book. However, it may be mentioned that the analysis of flow in the side
channel, is made by the application of the momentum principle in the direction of
flow. The water entering the side channel has no momentum in the direction in
which it has to move. The slope of the side channel should, therefore, be sufficient

to overcome friction losses as well as to provide acceleration in the direction of flow
against the mass of incoming water.

After the end of the crest A, the water is taken away as 1n an ordinary chute
channel, till it joins the river downstream.

Many other spillways may be constructed somewhere in between the chute
spillway and the side channel spillway. In such cases, the direction of water after
passing over the crest is changed somewheie between 0° and 90°.
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Fig. 21.22. (a) Simplified line sketch of a Side Channel Spillway.
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Fig. 21.22. (b) Layout plan of a Side Channel Spillway.
21.9, Shaft Spillway

In a shaft spillway (Fig. 21.23), the water from the reservoir enters into a
vertical shaft which conveys this water into a horizontal tunnel which finally
discharges the water into the river downstream. Sometimes, the vertical shaft may
be excavated through some natural rocky island or rocky spur existing on the w/s
of the river near the dam. Sometimes, artificial shafts may be constructed For
small heights, the shafts may be constructed entirely of metal or concrete, ox: clay

til(?s. But for Iar_ er heights, reinforced cement concrete may be used. For smaller
heights, no special inle imbmm a flared inlet

called morning glory is often used.
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The horizontal tun-
nel or the conduit may
be taken either through
the body of the dam (as
may be done in concrete
gravity dams) or below
the foundations (as may

be done in earthen.

dams). The diversion
tunnels constructed for
diversion of the river,
may sometimes be
planned and used for
shaft spillways, as
shown in Fig. 21.24.

A shaft spillway
may be adopted when
the possibility of an
over-flow spillway and
a trough spillway has
been ruled out because
of non-availability of
space due to topog

- Vertical pipe
+ i) called shatt

B 1 5
Gradual |} : &

transition [
' ,k Horizontal tunnel
O RN AN 2
\ . Water joining
- ——= — — the river
down stream

e =W L -

Fig. 21.23. Shaft Spillway.
Sealed or plugged

Diversion
tunnel

vertical shaft inlet

=i 21.24. Diversion Tunnel being used as a conduit for the shaft spillway.
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21.10. Syphon Spillway

are shown in Figs. 21.25 and 21.26.

21.10.1. Tilted Outlet Type of a Syphon S
- 21.25 has been installed within the body of the da
and no space is available for constru
be installed within the dam body,
connected with the siphon pipe. Th

pillway. The siphon pipe in Fig.
m. When the valley is very narrow
cting a separate spillway, the siphon pipes can
as shown in Fig. 21.25. An air vent may be
e level of the air vent may be kept at normal
pool level, while the entry point of the siphon pipe may be kept still lower so as to
prevent the entry of debris, etc. in the siphon. The outlet of the siphon may be
submerged so as to prevent the entry of the air in the siphon from its d/s end.
RESERVOIR LEVEL DURING .

DISCHARGE -
5. T . S é-u—'l ———— -
M.\~ CROWN OF SIPHON
AIRVENT Iog SIPHON PIPE
ol DISCHARGING
NQRMAL POOL _ HEAD Hy
LEVEL

TAIL WATER LEVEL

Fig. 21.25. Siphon pipe installed within the gravity dam.
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/%NERGY DISSIPATORS

21.11. Energy Dissipation below Overflow Spillways

The water flowing over the spillway acquires a lot of kinetic energy by the time
it reaches near the toe of the spillway (because of conversion of potential energy
into kinetic energy). If arrangements are not made to dissipat

e this huge kinetjc
energy of water, and if the velocity of water is not reduced, large scale scour cap
take place on the downstream side near the toe of the dam and

away from it. These

arrangements are known as energy dissipation arrangements or energy dissipators.

In general, the kinetic energy of this super-critical flow can be dissipated in
two ways :

(i) By converting the super critical flow into sub-critical flow by hydraulic
jump.

(i) By directing the flow of water into air and then making it fall away from
the toe of the structure. The energy 1s dissipated by the aeration of jet
and impact of water on the river bed. Though some scour will take place,

but it is too small or too far away from the dam to endanger it. Bucket
type energy dissipators work on this principle.
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21.11.1. Hydraulic.Jum.p Formation. The phenomenon of hyd ic j
has already begn _explamed in dgtails in Qhaptcr 10. It was ment}i’o;:(li]l&é:e?np
that'a hydrall.hC jump can form in a horizontal rectangular channel when the
following relation 1s satisfied between the pre-jump depth (y,) and post-j'ump depth

(v2)-
_n AT 2t
y2=- + NGt 2 t.e. Eq. (10.4)

where g is the discharge intensity.
For a given discharge intensity over a spillway, the depth y; is equal to
q/Vy;and V, is determined by the drop H}, being equal to V2gH,.

- 5 /
-

Fig. 21.29

Hence, for a given discharge intensity and given height of spillway, y; is fixed
and thus ys (i.e. the depth required for the formation of hydraulic jump) is also
fixed. But the availability of a depth equal to y, in the channel on the d/s cannot

be guaranteed as it depends upon the tail water level, which depends upon the
hydraulic dimensions and slope of the river channel below. The problem should,
therefore, be analysed before any solution can be found. Hence, for different
discharges, the tail water depth is found by actual gauge discharge observations
and by hydraulic computations. The post jump depths (y5) for all those discharges,
are also computed from equation (10.4). If a graph is now plotted between ¢ and
tail water depth, the curve obtained is known as the Tail Water Curve (T.W.C.).
Similarly, if a curve is plotted on the same graph, between g and ys, the curve

obtained is known as the Jump Height Curve (J.H.C.) or y curve.

Now there are five possibilities
(@) T.W.C. coinciding with y, curve at all discharges [Fig. 21.30 (a)].

(b) T.W.C. lying above the y, curve at all discharges (Fig. 21.30 ().

T.W.C. coinciding
Y2 curve TW.C.
3 z o
W 8 P ~ Y2 Curve
fa] -
P
7~
Q— e
(a) (b)
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() T.W.C. lying below the y, curve at all discharges [Fig. 21.30 (c)].

(d) T.W.C. lying above the y; curve at smaller discharges and lying below the
Y2 curve at larger discharges [Fig. 21.30 (d)].

Yo curve =

e
7

DEPTH ——

-

~- ~ (TW.C.

-

A —

) (c)

(e) T.W.C. lying below the
yg curve at smaller dis-

charges and lying above
the y; curve at larger

discharges [Fig. 21.30

(e)].

Depending upon the relative
positions of T.W.C. and y, curve,
the energy dissipation arrange-
ments can be provided below the
spillway, as explained below for

all these five cases.

DEPTH —

DEPTH

Fig. 21.30

21.11.1.1. Energy dissipators for case (a) : When T'W.C. coincides with ¥9

curve at all discharges. This is the most ideal condition for jump formation. The
hydraulic jump will form at the toe of the spillway at all discharges. In such a case,
a simple concrete apron of length 5 (yo—y;) is generally sufficient to provide
protection in the region of hydraulic jump, as shown in Fig. 21.31 (a).

W&W/N ) o

Fig. 21.31. (a) Simple horizontal apron.

21.11.1.2. Energy dissipators for case (b) : When T.W.C. is lying above the

Y2 curve at all discharges. In this case, when y,

is always below the tail water, the

jump forming at toe will be drowned out by the tail water, and little energy will
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be dissipated. Water may continue to flow at high velocity along the channel bottom
for a considerable distance.

The problem can be solved :
(i) by constx_'ucting a sloping apron above the river bed level as shown in Fig.
21.31 (b1). The jump will form on the sloping apron where depth equal to y5 (lesser

than the tail water depth at toe) is available. The slope of the apron is made in
such a way that proper conditions for a jump will occur somewhere on the apron
at all discharges. A lot of extra concreting is required to be done, as shown.

' 3 TWL
SOANE TAIL  WATER DEPTH
) v ok RIVER BED
; E P SR ,-_-'.’.'.‘;'2"-.':;"'.;7.',':-\- ST T STILLING
i sLopING APROR ABOVE BASIN
THE BED =5(Y,-Y; )

Fig. 21.31. (b)) Sloping apron above the bed.

(i) A second solution of this problem can be in the form of providing a roller
bucket type of energy dissipator. It consists of an apron, which is upturned sharply
at ends, as shown as in Fig. 21.31 (b,).

oo, ,
"we .y
"l... e e ., . %
Lot Ve, o
..l-

7 / R
.

Fig. 21.31. (b2) Roller Bucket.

Two main rollers are formed which dissipate the energy due to internal turbulence.

The roller which is formed downstream of the bucket, tends to move the
scoured bed material towards the dam, thus, preventing serious scour at toe of the
dam. Sometimes, the scoured material may enter the bucket under the action of
Ws roller, and may cause severe abrasion. A dentated bucket lip may, therefore,
have to be provided, so as to permit removal of material caught in the bucket.

21.11.1.3. Energy dissipators for case (c) : When T.-W.C. lies below the Y2

Curve at all dischages. (i) If the tail water is very low, the water may shoot

of the above bucket, and fall harmlessly into the river at soyme di:tﬂﬁg:
OWnstream of the bucket. This bucket is then known as ski jump buck;t and can
® used for energy dissipation in case (c) : ie, when the tail water depth is
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21.15. Standard Stilling Basins

Various types of stilling basins have been generalised for use on different types
of works, by various agencies. The designs of these basins have peen developed.on
the basis of long experience and on model studies, keeping in view the protection
obtained consistent with economy. These basins are not simple concrete aprons but
are generally provided with auxiliary devices such as chute blocks, sills, bafﬂe
walls, etc. These devices can help in dissipating the energy of flow by offering

resistance to flow and may stabilise the flow in a shorter length of the basin, thus
affecting economy.

In general, a stilling basin may be defined, as a structure in _which.the energy
dissipating action is confined. If the phenomenon of hydrgul-lc jump is basx.ca_lly
used for dissipating this energy, it may be called a hydraulic jump type of stilling

basin. The auxiliary devices may be used as additional measures for c;ontrollixlg
the jump, etc. : ‘

Before we reproduce a few standard stilling basins, let us first describe, in
brief, the effects produced by auxiliary devices.

Chute Blocks. Chute blocks are a kind of serrated device (i.e. row of small
projections like teeth of saw) and provided at the entrance of the stilling basin.
The incoming jet of water is furrowed and partly lifted from the floor, producing a
shorter length of jump than what would have been without them. They also help
in stabilising the flow and thus improve the jump performance (Fig. 21.32).

Sills and Dentated Sills. Sill or more preferably dentated sill is generally
provided at the end of the stilling basin. The dentated s;ll diffuses the residual
portion of high velocity jet reaching the end of the basin. They, therefore, help in
cFl‘i_ssiIZ)allt;rg residual energy and to reduce the length of the jump or the basin (Refer

ig. 21.32).

ZBaffle Pier_s. They are the blocks placed within the basin, across the basin
floor. T]:ley help in breaking the flow and dissipate energy mostly by impact. Th
baffle piers, sometimes called friction block e

S, are very useful in sma]] structures
8, etc. They, however, give way due to ’

; et cavitation,
city jets, and hence are unsuitable for large works

under the influence of high velo
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Dentated
wall

Fig. 21.32. U.S.B.R. Stilling basin II (F| > 4.5).

Table 21.16
F Length of the basin -
4 3.6, -
6 4y,
8 42y,
10 or more 43y,

—

An economy in the length of the basin up to about 35% (4.3 y; in place of
6y2) is thus obtained with auxiliary devices. The floor of the basin should be set at
such a level as to provide 5% more water depth'than y,. . ~

(2) U.B.S.R. stilling basin IV. This type of stilling basin is shown in Fig.
21.33. It is used for Froude number varying between 2.5 and 4.5, which generally
occurs in canal weirs, canal falls, diversion dams, etc. This basin is applicable only

to rectangular cross sections. Since oscillating waves are generated in this range
of Froude number, they are tried to be controlled at source by providing large chute

oy

FRACTIONAL SPACE
maxm TOOTH WIDTH W =Y

mln-—-zy'
e TOP SURFACE ON SILL IS
"‘" \—/ 5° ANGLE OPTIONAL
o‘h."‘ : I~
20y
RN AR A S IR Py A s
LENGTH . —;oﬁg.

Fig. 21.33. U.S.B.R. Stilling basin IV (£, lies between 2.5 and 4.5).
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SPILLWAY CREST GATES Fig. 21.34 (¢)

i 1 the permanent raised cre
If a temporary barrier can be installed over :
spillway, adgitional water can be stored between the spillway crest and th
the barrier during the fag-end of the rainy season. The s.mall flows in excess of the
barrier top level, may be permitted to pass over the barrier. If, however, la

rge flooq
occurs, the barrier may be removed and full spillway capacity made available for
the outflow.

Sometimes on large dams, regular gates may be installed over the permanept
crest, so as to function like a movable additional crest. In such a case, the height
of the permanent raised crest can be reduced and the balance provided by the
movable crest (i.e. gate). If there is a permanent raised crest up to the gate top,
the storage, of course would be equal to that of a gated crest ; but in times of serious
floods, the rise in flood level would be much more as compared to what would have
been in a gated crest. This is because, the gates would be opened during serious
floods so as to provide more head and hence larger discharge and consequent lesser

rise in flood levels. Hence, the top level of the non-overflow section and the value
of land acquisition for the reservoir

Sﬁ of g
€ top of

Gates can be provided on all types of spillways except siphon spillways. In

siphon spillways, the gates are not required as the rise in flood level is already
small compared to other types of spillways. The gates for earthen dams should be
provided with caution, since the faulty

operation or failure of their operation may
lead to serious rise in flood levels, caus

ing overtopping and failure of dam,
/%1.17. Types of Spillway Gates

The various types of spillway gates are described below in brief :

3 - . f
.1. Dropping Shutters or Permanent Flash Boards. They consist o
woog:ﬁl;alnels ug?ally 1.0 to 1.25 m high, They are hinged at the bottom and are
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. _ Fig. 21.35. Flash board or Dropping shutter.

These shutters can be raised or lowered from an overhead cableway or a bridge
Various types of shutters which drop and hoist themselves automatically, havé
been designed these days. These automatic shutters work on the principle of
counter weights acting against the"water pressure. Automatic shutters do not
function well when interferreé by floating debris, ice, etc.

Sometimes temporary flash boards, which shall fall as soon as overtopped by
water, may be used for very minor works." -~

All kinds of flash-boards do have some disadvantages and hence used only on
small spillways of minor importance.

21.17.2. Stop Logs and Needles. Stop logs consist of wooden beams or

planks upon the other and spanning in the grooves between the spillway
piers (Fig. 21.36). They can be placed and re either by hand or with hoisting

ath e e
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Fig. 21.36. Stop logs.
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- URp,
mechanism. Considerable time may BRIDGE BETWEEN &

get wasted in removing them, if they SPILLWAY Pig R5'7
become jammed in the slots. Leakage
' stween the logs is also a big problem.
They are, therefore, used on very
minor works.

Needles. Needles are wooden logs
kept side by side with their lower ends L »
resting in a keyway on the spillway
and upper ends supported by a bridge
(Fig. 21.37). It is very difficult to
handle these needles at the time of flow and hence they are not used ¢
works. They are sometimes used for emergency bulk heads, where t
be replaced until the flow has stopped.

21.17.3. Vertical Lift Gates or Rectangular Gates. These are rectangy,
gates spanning hori between the grooves made in thmbmwa‘r
piers (k1g.21.38). The grooves are generally lined with rolled steel char ol

21.38). ] channel sectigp;
9 appropriate size, o as to provide a smooth bearing surface aving sufficient
bearing strength and are known as grove guides. These rectangular gates move

between the groove guides, and can be raised or lowered by a hoisting mechanisp
at the top.

The gates are often made of steel, although they may be made of concrete or

wood. They are generally placed vertical, although they may be kept slightly
inclined downstream.

UP<STREAM-
Fig. 21.37. Needies,

n any majm,
hey neeq py

Because of the hydrostatic force caused by the upstream wa er standing
against the gate, large friction is developed between the gate and the downstream
groove guides. Hence, if the gate is in direct contact with the guides, as is there in
a sliding gate, large friction will be developed, and it will be very difficult to move
the gate. Hence, in a sliding gate relatively larger hoisting capacity is required to

operate the gate because of the sliding friction that has to be overcome. The sliding
gates are, therefore, seldom used.,

This friction problem can be solved by placing cylindrical rollers between the
bearing surfaces of the gate and the guide grooves. A train of rollers or wheels is,
therefore, generally placed between the gate and the d/s guide, so that the sliding
friction is much smaller. These rollers may be placed independent of the gate and
the guide, thus eliminating axle friction, as shown in Fig. 21.38. Such an arrange-
ment, when the rollers are neither attached to the gate nor to the guide grooves
but rolls vertically between the two when the gate is moved, is known as a Stoney
gate or a Free Roller gate. The design and construction of such a gate is difficult
anq rollers are, therefore, generally attached to the gate. Such an arrangement in
which the rollers or wheels are attached to the gate and ride in tracks on the
downstream side of the groove guide, is known as a Fived wheels gate or Fixed

roller type gate, Rub.ber seals are used to seal the openings between the upstream
leaf plate and the sides of the pier grooves, as shown,

. Laf'ge vertical lift gates may be counter balanced by a counter weight beam,
whlc'h is loaded to balance the self-weight of the gate. Hence, hoisting force 15
required only to balance the frictional resistance,

Vertical lift gates have been used in size 15 m x 15 m (height and span). If the
gate height is larger, head room is required for lifting the gate clear of the
maximum reservoir level ; thus increasing the height of the operating platform. To
reduce the height of the operating platform, high gates may be broken up into two
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Fig. 21.38. ‘Vertical stoney gate' or

‘Free roller gate .
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horizontal sections, so that the upper portion may be lifted and removeq

from
guides before the lower portion is moved. This also reduces the load on the the

hoisting
mechanism.

The discharge through a partially raised vertical gate, takes place by &
undershot orifice flow, and the discharge formula is given by C; A V2g - H, Wherz

A is the area of the opening and H is the water head above the centre line

of the
opening.

21.17.4. Radial Gates or Tainter Gates. A radial ggte ba§ a curved w
supportin f steel. The curved water face whlch 1s in the shape
sect circle is properly

b}'%d_bgute_e}_fmmuml;
which is pivoted on horizon-

‘tal shaftscalled trunnions or
pins (Fig. 21.39). The pins
are anchored in the
downstream portion of the
spillway piers. The gate can
thus rotate about the fixed

ater
of g

CONCRETE BRIDGE \OPER“'NG PLATFORM

7
IP’Q

CONCRETE PER i

horizontal axis. Hoisting
cables are attached to the
gate and lead to winches on
the hoisting platform. The
winches are usually motor

CABLE

RESERVOIR

—

PIER NOSE

STEEL FRAME
WORK

driven, although hand driv- —= - |
ing is possible for smaller — — — it - , i
|

works or at times of power
failures.

The water-face segment
is made concentric to the
supporting pins so that the
entire water thrust passes
through the pins, thus creat-
ing no moment against the
lifting of the gate. Hence, the
lifting force is required only
against the weight of the
gate, the friction between
the seals and the piers, and
the frictional resistance at
the pins. Counter weights, in
order to counter balance the
self weight, may also be
used, which further reduces

the lifting force. Moreover, the hoisting load is nearly constant for-all gate openings.
Hence, radial gates can be used with smaller lifting force for all heads, and hand

operating hoisting mechanism may suffice for smaller works ; whereas in the
vertical lift gates of the same size, power mechanism might be needed.

21.17.5. Dr um.Gates‘. Drum gates are useful for longer spans of the order of
40 m or so and medium heights'say T0m or 50 The drum gate consists of a segment
of a cylinder which may be raised above the s illway crest or may be lowered into

the Fecess made into the top of spillway.
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Fig. 21.39. Radial gate or Tainter gate.
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The U.S.B.R. drum gate (Fig. 21.40) is completely enclosed and is hinged at
the upstream end. The buoyant forces due to head water pressure underneath the
drum, aid in its lifting. In this type of dam gate, the drum is enclosed on all the
three sides as well as on the ends, thus forming a water tight vessel. When the

drum is lowered, it fits into the recess in such a way that the surface becomes
coincident with the designed ogee shape of the crest.
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Fig. 21.40. Drum Gate (U.S.B.R. Type).

ised only
The other type of drum gate may have no bottom pla(;:e a];gtshh?}lllebsekri?: plate of
by the buoyant action of water entering the recess, undern
drum.

‘table for smaller
The drum gates require large recess and hence, are not suita
spillways. |
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