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In this study an attempt has been nade to dtscuss the
mportant types of energy dlsdpators below dam spillways, Before
discussing the various enemgy dissipators, a review of the basic
characteristics of hydraulic jump on horizontsl, sloping and part
sloping and part horigontal gpron has been made, This is followed by
discussion on the cholce of energy dissipators to sait different
hydrailic conditfons, After that hydreulic jump stilling basins,
roller buckets, skijump and Irajectory buckets have been dlscussed
in gll its aspects, |

From this study 4t is seen that so far no rational formul ae
" have been developed for detemmining the jump length, 4s far as
the design of stilling basins 1s concerned, a Very accurate
detemination of jump length is hardly necessary as the basins
are rarely designed to contain tba full jump length, The existing
knovledge regarding energy dissipation indicates that energy
dissipation is slightly better in case of horizontgl apron than
sloping spron, The stilling basin with horizontal gpron generally
¢al be used for small end medium height of dams haviﬁg moderate
dlscharge intensities as jump 1s very sensitive to tailwater
varlations and difficult to control, Gnell difficlency in tallwater
ceh be made up wLth the help of basin ppurtenancos, But the use of
appurtenances is not favoured in case of high damsvhere disehlarge
intensities and veloelties are high as these cause cavi tation,

The stilling basins with sloping end part sloping part
horizontal gpron are suitable for even high dams and large dischame
intensities, In these hasing the Jump movement due to tallwater
variations tdies place within fixed range of gpron length, The
sloping gprons have tallwater requirements lesser then horizonﬁal



gprons, The tallvater requirement decreases as the apron slope is
steepened but cost of stilling basin increases. The stilling basin
oost gets reduced with the adoption of part slopmg and part hori z.
..onta}. apron though the tallwater requirement is ali.ghtly more than the
corresponding case of fully sloping gpron. M effort has been
made by utilising the existing dats, to pringout' éuantltatively
the tallwater :eduirements for fully sloping aud“part sloping part
horizontal gpron, for different slopes. |
The roller buckets are sultable where tallwater is more
then the jump requirement, 4s regards thg perfoméhce; these have
woTked well whergever used, but the only point 1s that these have
reguler malntenance protlems, The roller buckets are chegper then
hydraulic jump stillmg basins, 'l
The skijump or Irajectory buckets are suitahle where

tallwater is inadequate for hydraulic jump nd the bed strata consists
of fairly good rock free of laminations, | Thase buckets have been
e.xtensively used in India gnd abroad and the performance have bean
quite satisfactory. As reg ards tha stonomic aspect, 1t cen beo sald
that ski;]ump buckets are chegper than hydraulic Jump basins, B

. Lastly it cat be sald that problems of energy dissipation
for ey two daps are not exactly similar, Egch case Needs
consideration on the basis of Lts particular hydraulic, topogrephical
end geological characteristics, The existing knowiedgé snrd experience
about various energy disslpation arrangements can only serve as a
gulde for working out of preliminary designs which can be finalised

on the basis of model studies.

*HAEL Qe »
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U&EBOQQQ.I'ISM...;

| The construction of any structure across a stregm creates
_sbma gaounty of enemgy differencs hetween‘up sfrean and dowastream
of the strcture, The water discharged through thé hYdraulic
structure acquires high ‘veloclties depending upon this energy
difference, This high Veloclty flow may cguse streem bed erosion
and 12 1t Ls not checked, may endanger the stmcture itself, It
1s therefore necessary that oxcess enemy shouid be dissipated‘ ‘to
such gn extent that the river bed below the structure is not
undemined by scouring action s0 as to endsnger the stability of
the structure, | |

The operstion of any type of aenergy dissipator depends
1ax'ge1y on expending a part of the energy of high velocity flow
by some combination of the following methods, '

(L by éxiemal friction between the water and river bed
“md between the water and tha alre |
(11) by intemagl friction gnd turbulamé.

The energy dissipated by. axtemal fricti_on betﬁeeﬂ water
and strean bed or water sud alr is usually negligible, ﬁhé
greatest smount of energy is lost i:y turbulent flow which
dLssipates the energy in surging, bolling md eddylig, and greatly
m::::'easing 'the ivntﬂamal frictim'i | hetﬁaeﬂ particles of water, Thus
the fmdazﬁental'pmcess 1s that the enemgy dissipator converts
Kinetic energy fnto turbulence and finslly into heat eneigy.

The cholce of enémgy disslpation as stated earliar
depends upon hydraulic, topogrgphical, end geological condtlons of
site, Of all these the hydraulic condition is most predominent
in the selection of particular energy dissipation arrsngement,

The topogrgphical and geologiesl condition generslly affect the



geonomic agpect of energy dissipator,

The energy dissipation methods, which are commonly employed
for the di ssipation of energy below dam spillways, ére given below s«

(1) Hydraulic jump type of stilling basins with horizontel
| or gloping apron,

(2 Roller buckets, ‘

(3 | The stijump and Irgjectory buckets,

The hydraulic jump type stilling basin is a stmecture in
which the pnergy dissipation is accomplished by meang, of turbulent
behaviour of well formed hydraulic jumps, The stilling basin may
cohsist of fully horizontal gpron or fully sloping gpron or part
sloping and part horizontal gpron, The horizontal stilling basln is
generally used where thg available tallwater elevation match the
saciumt depth requirement for the fomation of hydraulic jump for
all range of discharges 1,6, tallwater 1s adequate for the formation
jump at all discharges, In cases where the tallwater depth avallable
is more thah required for formation of jump for certain range of
discharges and less for certaln renge of discharges, the fully
sloplng or part sloping and part horizontal aprons are provided
which ensure the formation of jump for gll discharges,

The roller bucket type of energy dissipators are employed
vhere the tallwater depth is more then required for the formation
of jump, The roller bucket consists of bucket like spron with
concave circular profile of gppropriate radius snd a 1ip which
deflects the high veloelity flow away from the stream bed, The sheet
of water is deflected upwards foming two rollers i.,e. a surface
roller or high boll on water surface on the bucket snd a ground
roller downstream of the bucket, The surfgce roller is effective
in dissipating energy while the ground roller provides the i’e%rse
flow in the upstrean direction and prevents erosion immedligtely
downstream of bucket, The bucket may be elther golid type or slotted



éype, The slotted type of budtets were evolved as an lmprdvement
oval; the solid types, The slotted type of bucket has s advantwme
over the s011d type as the provision of slot in bucket ensures
self cleening action ad the matetial inglde the bucdtel sweeps

out through the slcts.

The skijump or trgjectory type of bucket are used where
the tallwater is lnadequate for the formation of hydralulic jump
and the bed strata consists of ‘ffairly good rock, These types of
buckets are designed to throw the high velocity flow leaving the
'. spillway vith smh ah angle that the water jet stmkes the rive,r
bed at an adequate distence away from the structure, The striking
Jet of water scours the river bed &nd a pool gets created after
sometime which acts later as cushion for the falling Jet of water,
The energy dissipation does not teke place in the bucket ftself
‘but is brought sbout by dlspersion of the Jet in the atmosphere,
resistaice of alr, diffuslon of Jet in the tsllwater and finelly
the ill?,p-act ‘a2 atnst the river ’béd. - The importent congideration for
this type of energy disslpator as stated earllar, 1s that the bed
strata should consist of falrly gcéd rodk s0 thal the scour cgused due
to falling Jet of water does not progressively move upstrean so
as to endenger the structure. itsali‘.

Besides the above types, some energy dissipators
employing the prineciple of déffusion, ond Lnteracting jets have
been developed, These types of divsgipators have been used
siccessfully in moderately high dam, Howaver the'fact remain g that
these types cannotbe used in high dams vhere high dlscharge
intensities are involved, _

The present study has been limited to main type of energy
dﬁ.asipatora discribed earliar. In the initial two chagpters that
follow, basic characteristics of hydraific jump on horlzontal end.



gloping gpron havebeen discussed, Later the hydrautic consideration:

for the choice of gpecific energy dishlpators hasebeen dealt
in detall., After that each type of enemgy di ssipators has

been discussed in detall in sgll its aspects,

*e@OLL GO



CHRIER 2.

HYDRAJLIC JUMP_ON_A HORIZONTAL_JpBON.

&mong the various methods available for dlssipation of
energy, the hydraulic jump is one of the most effective means of
dissipation of energy. Before discussing the extent of élexgy
azésipatlon which can be accomplished through hydraulic jump, it is
proposged to discuss the basio characteristics of the hydraulic
Jump, . : o |
The hydreulic jump is defined as the sudden and turbulent
passage of water from a low stesge below critical depth to high
stage above eritlical depth, during wvhich the velocity changes
from supercritical to suberiticgl . The Jump is aecompanied by
great turbulance snd energy dissipation, The relation hetween
supsreritical depth and suberiticsl or seéuent depth can be
established with the help of Newton' s second law of motion, The
well known formulag showing the relationship between supergriticai
depth and suberitical depth Ls briefly derived here to clarify
discussion,

The assumption made in the ahalysls are e

(1) The channel &s rectangulsr in shgpe with parsllel sides.
(2) The floor is horizontsl, |

(3)  The friction loss 1s negligible, |

(4 S8treauline flow before and after the jump,

The change of momentum/sec¢, between section 1 znd 2
(Fig, 2-1) = pq (V5 = Vy) where o is mass density end qis
dl scharge intensity,

According to Newton' s second law of motion, change in
hydrostatic pressg:?e mast be equal t‘o'rai’:?*?r '_ g,a‘{lg}gg in -moqlgnt;um.

PPy = pa(Vy =W) S———
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By making suitable substitution for Pyy Pgy Vi, V2

in tems of By , Dy q and solving for Dg we get the well known

expression,

» Dg ) stu=arterns: wud
Dz & .-21-+ -gg-?-“' PJ—— ' u—-uunhauu--d-r-h-n—--th( 2)

As "/.g.. .{ e ?1 (Frouda Numher) the oqs (2) can be written as
Dg t.zl.(.(/. .. o | ) .

Femm OF JUMP,

'.l‘he aum;»s hava been classified aecording to Froude

Nambers based on extensa.va experiments conducted by Burean of

Reclaimation1 (Fi.g. 2-2). For F1 = 1, Flow 1s critical and no
Jump tskes place, '

M

(11)

()

(1v)

Fia1to 1.'2, the water surface shows a series of

undulatlons and the 3um;; {2 termed as undular Jum;:.

F1 = 1.7 to 2,5, a series of small rollers develop on

the surface of the jump but the down strean water sarface

reamains smooth, The velooity is genefally unifom gnd

the I.Oss of enargy 3.3 poor and the ;)ump 1s temed as
‘ Wedi Jmp; .

Fy = 2.5 to 4,5, the @ter&ng Jet assculates from bottom

to surraoe and bad{ gam with no regular parlod. The

Jumy is temed as ose&llating jum;).' -

Fy = = 4,5 to 9, the domstraam extremity of the surface
mller and the point at vhich the high velocity jet tends
to leave the floor occurs at pradtiéally the same vertical
section, This jump is well balenced, least ai'feéted by

tétlwate‘r variations, The jum;: s termed as steady Jump,

The ene1gy dissipation ranges from 45 to '705. The

o b



di scusdon on energy dlssipation aspect of jump is done

later in this chgpter,

(v) F, =9 and shove, slugs of water rolling down the front

| face of the jump, intermittently fall into high velocity

jot generating waves downstresn end a rough surface can
prevall, The energy dlssipation may resch upto 85 %

and the jump is temmed as strong jump,

The 1imits of the Froude number given zbove for varlous
formg of jump are not definite velues but overlgp some what
dapending upon the local factors, Very little s known about
jumps having Froude numbers 16.;\33 becanse 1f physical size of
the jump is incregsed sufficiently to providé roliable test data
thé jump is too costly to produce and study, The higher number
jumps require large test facilitles. Fast moving water and

hegvier measuring equipment which are seldom availadle,

LENGTH OF JUMP,

The length of jump has not been evaluated analytically
so far, A1 the fomulas so far developed by varlous amuthors
are emperical based on thelr own feb of experiments. The formulae
glven by some authors are given in Table 2:-1' "In the last column
the length of jump in tems of 91 for a value Froude number
equal to 6, have been worked out to show the dlfference due to
gpplication of vagrious fomulae,

kxtenslve experiments were carried out by Bredley

and Peterka® for the length of jump for a good renge of Froude

numbers, The results of these tasts have been presented in the
shape of charts showing the plot batween %. ad F,o The Fig, 2.3
' 2

shows that the value . varles from 4 to 6,15 for various values
D
2



TBLE 2.1,

- - - - - -

My We AR s W S Nk M W B N A B W e W M e N M W W W e a6 e w B A s W W P

mthor Date Formula B_ for F1; 6
1 -
Safrsnes 1927 15. 2 5,2 ( fpprox,) 4146
' 2

Bakhmeteff and - :
Matzke 19 3233 — =5 35

Da"‘_ o o
Smetana 1934 L_T =86 42
Kinney 1936 -~ = 6402 42,14

. | D= Dy :

Posey 1941 L’T o = 45 to 7 31.5 to ®

Dz"‘-‘ 4 ;

Do Dy Fy0e16 5245
Woyel ded 1934 L"T é'e.:.o.os 2 53,2

Da =Dy Dy |

D Dy #j0.09B 3
. - o g . 1
Chertoussov 0% ol z 0.3 (F4=1)0"8 g5

bl

Pweo 1935 = 5,6 44,8

Riegel, Beche 1917 - 5 (pprox,) 35

Aravin 1935 L_T = 5.4 .' 37.8
a e A

Bradley and -

Peterka 1957 = varles with F; ¥

F

(vfu. F’\j v B 3)
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of Foo The velue of%. is graater than ¢ for Froude number 1ylng
- — ja— 2 -

between 5 to 15 i.e. renge in which jump gives generally

sati.sfactory perfomance. If this value is compared in tems

or 1ast column qf ta’ole 2.1, the %TI comeg to nearly 4,

The results of Bradley #1d Peterka differ from the
results of Bg;hmateff ahd Matzke. ‘It has bheen stated hy Bradlay
~and Peterka that the disagreement in rasults may be due to scale

effect as the experiments hy Bakhmeteff and Matzke were conducted
in a 6“ flume with maximum discharge of 0.7 cusecs and minimum
disehalge of 0,14 cusecss

| “ Further attempt has been made to give some rational
fornulge by Richard Silvester Suho tried to develop a relation
between parameters L}D1 » L/Dy #d (-L/DQ-'Dj)'

In 2 reatangular channel ' i
--m-z "‘_
- i e

¢h' 1]-)-:.,{ M(}Jﬂeﬁ‘, 145 -

4 20 o B

For snall working Value o.t‘ Fy z 2 §f+8 Fy ::Jé Fy
;q"é”' |
- 3 :x 2F "'1 5

R T AL T S ————'T
The authdi h;é i‘cdhduéféd -slt;ud:l.és 6n various sha;;es of
channels end it s seen that Valua of D 32 vary slightly for
alfferent shgped channels at 2‘1 aqud. to 24
Thug the general ~equation ecan ‘be put ag

%, - K (F1'1) , L e ' {6)
1 : , :

Where K 1s constant detemined by experiment on a



The value of

-~

particul ar channel section, When Fy - 2, L ;K.
. D4
Adis detemmined by the relationship of (%3 =1) to (31.1) and is

dependent on shape of channel, For rectal“xgul'ar channel «{ 18
equel to 1,01, The author further states that the results of
experiments conducted by U.S.B.R. indicate that L';.U; is equel
If this is sabstituted 4n aquati.on (5) , then equation

to 6,9
(6) can be written as = -
| ﬁh-u&-uhﬁbmﬁ&b—b-num--nﬁﬁ-( 7)

L. = 9,75 (Fiuy) 1001
1
Thy s equation gives results close to U,S.B.R, Results

for Fy upto ¢ but for higher values of Fys L/Dy 15 greater then

U SOBQR- value s

BNERGY DISSIp ATION IN A FREE JUMP,
The specific energy at section 1, By ; D1+v=3_
: S 2
= Da+.§'..
ﬁg - 4

The speoi..ﬁ.c energy at section 2, E,
fne? loss & = s By -5 = L v,2 V 2

B 3__ P -

By simpuﬁcation d substitution

(D wD )3 C .
%‘ - mﬁ' --.ﬁ“--“-”-‘--..h‘--“””“”‘-““-(gv)

—
The loss can al=o be oxprossed as a porcentsge of

mtm, ene gy
§, x 100

B
After computing the energy loss for dlfferent value of
. 1
[ ]

F1, a plot between F1 ad By /E1 hag been praepared by U.S8.B.R,

From the plot it is seen

and the same is shown in Fig, 2.4,
that eneXgy loss varles from 45% to 70% for values of ¥, ranging
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from 4.5 tO 99
BVERGY DISSIPATION IN A SUBMERGED JUMP.

The 108s of energy in a submerged jump was investigated by
Govindafeo and Rajaratnen’ md according to these athors 1t has
not yet been conclusively estgblished that whether submerged
Jump 1s deslreable as an energy dissipator, ©Smetana has claimed
that the energy loss in a submerged jump is greater than the
corregponding free jump end loss incresses with submergence,

The views of Govinéx‘fﬁ’é aid Rajratnan differ graatly with that
of Snetana, ‘

The expression for the loss oi‘ energy as derived by
Govindrao a1d Raj aratnan, is given below, The sutmergence
| factor is daﬁned as te

8 =4=Dp = |

Where D :is the actugl tailwater depth (Fig.z-:ﬁ).

Lot \p = .g.a., where Dy 18 bz\wked up waterdepth due to
submergence at inlet section, "

The enelgy at afflux section is given as

1=78
23

- e - e - -
’

V1' m D" : W -+ -.2 A -Uunnu.n”-ﬂ( 10)

, - 742
Energy at,ﬂze end of Jlmm 34 - B4+% R vhere V4

1s medd velocity at the end of submerged jump,
Energy loss B, 1isgliven as

o B e
By Bq

11 AESE | Y

[0+5>Ds +Ly7ye3 DX e == (1)
E

\ U
—
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by w‘bstituting ﬁ s..z x{' (/-\-81?1 :-1) ’

amd ﬁﬁ&m sﬂ.mpuryms

_ B = ey o
g . L¥- ~(1+5)$] + —~‘ Uasseed .~
B (‘Y‘*E!a) | . |
- In temsof Fy and 8
4F* s
B T B e 1 SR E -]
"FZ 1+ 5) (T+ g Ra-)% 2F2+ AF 2
, [ (¥ gRa-1)™= 2R u+s)m‘-ré7r7=‘:\‘5] “+h*

Thus & = I (F.‘ ) 3) -uuuauuuuuuauunuwuu»n-nbunu(‘3)’

In order to verlfy the eq.(13), experiments were
conducted by authors ;d the valnes of ﬁ, were plotted wl th

theoretical values of EL/E‘ @d the correlation was found to be
satisfactory, |
pERFORM AVCE OF WBMEK(}ED JUMP 48 COMP ARED TO FBEE JUMP.
| Aocording to Govindarao as1d Raj aratnan® the enexgy
di ssip ation capaclty of submerged jump 1s seen to be'mors-or less
same as that of corresponding free jump depéndmg upoxi the value
of Fq and 8, '
IfY\ is an index of relative energy dissipation then
1t can be expressed as
, ”('%) mbnerged jump ‘
n° mm T T s s == {04)
(4 )freeaump. L o

‘ ’L cculd he more or less the unlty depending upon ¥y

and 8, 1 varies from 0.55 to 1, 2 ror the experimentsl range
studiad by authora (mg.&e). The Opt!.mum value of 8 for a given
'3‘1 at which qutll ba maximum ¢an be found out by partially
differentiating eq (14) with respect to 8 aud equating it to

zoro, The equation so0 arrived ls compiﬂ.cated and have been solved
by 1ndi?éc~t methods, If S,1s optfl.mum‘ value of 8 then it 15 seen



that 8, deereasea repldly from o.'? to 0.1 as Fy varles from

2,0 to 7,0 and remains constant for higher values of 8, If \'L,
is maximum value of v , it is seen thatv also decreases rapidly
from 2,76 to 1405 as Fy varies from 2,0 to 6,0 after that itis
consgtant r«a highar values of Fy (Fig, 2-7).

The studles by the above authors have est.abvllshad that
energy loss in a submerged jump computed sbove occurs in a much
longer length thau correspondlng free jump, In order to study
the manner in which energy dissip ation 1s affected by submeIZamce,
the energy ot the expanding stream was computed at suitabla
intervals, The effeot of submemence on energy dissipation
s shown in Fig.a-a where B denotes tha Specif!.c energy st any
distance X from the start of jum;a.v Itis seen that the fall of
energy is regarded(cqntmuqusly by the increasing submergence,
From these skudles the authors have drawn the conclusion that
submerged jump should not be preferred to free jump for enemgy.
dbssipation purposes unless the submergence factor is less__t:tlzjan
" 10% for Froude numbers higher than nearly 5,

In the gbove paregraphs the characteristics of hydrauliec
;)ﬁmp on a horizontgl apron have been diseussed. The loss of
enemgy in g clear jump, submerged jump and their relative
dffectivensss ha% “ba"en hmughtoﬁt. The hydraulic jump has been
extensively used'?for dlési.pation of energy and design of varlous
types of stilling basins have been deveIOpéd;" ~ The design
considerations for different. type of stilling basiiis gnd &lltahility
for a p'ai*ti'cular sltuation have been _dlscuésed n su’bsequ.evnt
chep tars, | -

. *eQAELEEe



" HYDRAJLIC JUMP ON A SLOPING APRON,

YD A T AN S S A D S e A S U T ol A D 0 i S S A G B e A B S

41 the physical laws gpplicable to hydraulic -
Jump on g h,orizonfal aprbn ‘ai'e al 50 applicable to jump on a
sloping gpron, Only the extra force of gravity of the hydramlie
Jump body needs be consldered f‘a?r_ m\allys.._lng the jump on sloping
gpron, The jump on sl.oping apron w_aés earliar studlied by Riegel
and Beebe in 1917 , Yamell in 1934, Rindlaub in 1935, Backmeteff
and Matzke in 1936, Kindsvater made extensive studies in 1942,
Recendly Bradley snd Petemag'hgve made consj.der_gbie experimental
studies which are of great velue in design of stilling basins,
Ihe basic characteristics of jump on sloping gpron are discussed
in this chapter, |
FORMS OF JUMP.

There are ‘basieally four forms of 3um1:s posslhle on &
leplng apron (Fig.s.d). These are described belows-
Case 1l 1fhe jump toe is Just at the junction of sloping apron
with horizonta 1 gpron and jump end lies on horizontal
gpron, .
Gsge il $The jump tos 1s on slope end the end of horizontal gpron,

Case 1111 e Jump tos formson slope end the end of Jump at the
Junction of sl.o;amg and horigontal apron.

G250.1Y sThe entire jump lles on sloping apron,

In the above classifiogtlons it is seen that case I 4s
like a Jump on a horizontal apron which has been deslt in detail
in the last chapter, Case III. end Case 1V are practicaglly the

sane, Ihe studies by ghove mentioned anthors weres done mostly
for case 1V, Extensive studles on case II gnd IV have been done
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by Bradley sud Peterka®, The full slgnificence of the §tudies
of these two cases is dealt in g subsequent chgpter while
discussing the design of stilling basins with sloping spron,

~ The jump anawsis for case IV has been made by
Kindgvater after kd. mgking the following assumptionsy
(1) There 18 no apprecighble curvature of stream lines,
(1) The friction at boﬁndary is negligitle,
(111)  The veloecitles before and after the jump are unifomm,
(iv) There 18 no acceleration of strean flow (this is not

true for steep slopes),

(v) 'l‘he alr entrainment is negle eted.

Applying pressure momentum relationship aznd referring
to Flg, 3.2,

uuuuuuuuuuuuuuu

Pae Py~ Ps &(v, PP p——T
From aonti.nulty V1 By u ¥y D
Vg = V;”j = (V- cosﬁ.w)

Py

The pressure 3?1 and Ps for unit width are

Py (94.. YDy cof = YD J
2 2
. . q
Py can gl be gpproximately weltten as
Py = ﬂD 2
30052?

because the differsnce due to slope will not be much,

Ps 15 the horizontel force due to pressure of welght
of the jump, The experlments indicate that pressure on sloping
floor is proportional to welght of fluld body om the slope. Ps

cal be expressed ln dlmensionless parameters



SLvo e T

Ps =
According to Kindswater © varles with Kinetic flow factor
1.8 square of Froude number, Bq(1) can be written after substituting

the values on Py, Pgy eand Pss

{
SO, -
~(D.1 “D| _ Sk\( D).“YD' }*Cﬁ”& \(V\LD\I(U’ (D1 (;';¢\) LB)
ey ‘LCo‘S¢ D

I D
slmplifym by dividing both sides by J( Os - D)

D' D ; D e D - ‘2-V\1D| de’w - -{aA
(»;J»_éélp)_mg( 3 Coscb)md’ (a)

% Da
— - - -~ (&)
Vit et p -4
oy D,‘ = ‘r_:}D (‘.-1%&&»&477 :‘ '
o . a
Repl acing %‘-6‘ SFreA

2 T -\3— et

SEEE - A

:mms sequent depth Dg after the jump can be computed,
PRESSURS CGaFmeT. -

it Pn is nomal pressurs at ay polnt on tha 510pe then

P, in et;uel to y, where y is verticsl helght of pressure gradient
above the floor, If7¥ is the gverae height of pressure gradient
~over the length of .slopeléa.; the total nomal pressure per unit
width

NV L o B v )
Pp = (mcb

— —— ——

gL  4g the area of pressure Dlagran, shown by exparlments
to be proportiongl to jump body, Ps the horlzontal component of
Pndsglve dy

Psw Pn sinﬁ qutanﬂ ' e mmae e ——————————l 8 )
from oq {2) and (8)

% - ‘_\_/._L;—-—-!‘)"'"
D L
by ld 4) )
A plot of experimantal data from tests on 1 on 6 slops,
indicate that S is a function of Kinetic flow factor Ko The

curve in the range of A = § to-Sd, is nearly a stralght line



having an eqnation
§ m 258 = 0.021L

The experiments conducted by G, H, Hlckox' on 1 on 3

slopza el 50 established a gimilar relation between 5 snd K ,
He util.t sed the curve of Kindsvater for interpolating the curves
showmg the relationshxp ‘between o and N for mtermediata slopes.
| For horizontal apron the data of Bdchmateff and l‘ﬁatzke was
utullaed. | |
/| Later an experiments were conducted by Bredley and
Petamq ‘on extensive scale on aifferent slopes, These
' axpamg}ents established that the Froude number has 1ittle
amgt Jon the value of ¢ which varles with the slope of gpron
Dnly, ’Tha Value of { was computed from equation (6) by
mbsututmg experimental values in the equation. The value or
‘/@ eom;iutaﬂ by Bradley end Peterks, indicated striking disag rae-.
/.ment with, the values of Kindsvater and Hickox, Ihis may be due
to the fact that the values of 5 is dependent on the method
-~ used for datermmmg ‘the length of jump, The averefe values
of & rar diﬁ‘erent slopes are mdieated in figure 3..5.

LWGTH OF JBHP.

The length of jump has always heen a subject of
mtroversy between different anthorities working on this aspect,
This ecntroversy' persists regarding location of end of Jump
1,0, whether the end of jump should be taken at highest water
surface or at the point where velocity dlstribution becomes
normal, According to Stevens® the length of jump should Be 0

chogen that the energy conversion would be completed as
indexed by the maximum helght of ratar surface, In the
‘experiments conducted by U.S,B,R., the end of jump was chosen



at the point wvhers high velocity jet begsn to leave the floor
or at a point on level tallwater surface just dowstrean from
the surface roller, whi chever was longer,

The length of jump for sloping“apmn as glven by
8tevens® on the basissrcmula of Begkhmeteff and Malzka, is

e ——— .
PNy e N = IR -

exprossed in di.mensionless form

L - 04188
Xa 9 3 x . ( 3 1“"""' ) -ﬁpn-ﬁ-h-wv-ﬂ-m-uwt-w( 10)

mere’i“ -5‘--&- -.15-.-- de _‘l,__a

The - curves shmd.ng the relation between J snd ﬁaror
various slopes positive as well as negative, are given in
Fig. 24, S
_?he investig ations conducted by U..S.B.R} have
| establi shed th._at length of jump 1s g function of Froude number
and slope of spron, The curves showlng rel ation between F, md%},
;M.B. for different slopes, have been plotted based on the results
or experimenta and are shown in Fig, 3.5 and 3-6 - A study of
these curves show that the ratio %é varieg from 5,6 to 7.0 for
various value of slopes and Froude numbers, 'The mgximum valug
of%. occurs for all slopes bedteen Froude number 5 to 10
appmximately. For lower as well as higher values of Froude
number , %. decreasas, ‘
2 9 |
Elevatorskl”, on the basis of experimental datg of
U.8.B.R., , gives fhe following fomulaes for the length of jump
for different slopes in tems of height of jump, According to

author pumbere-vaim these are applicable for Froude numbers

varying from 2,9 to .1'?.9.
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Slope, Leng th of jump,

WP i 0y 0

Horl zontal | 69 (Dg = Dy)
11in 2 5,2 (Db = Dy)
1 1n 10 44 (DL = Dy
14n 6,7 | 38 (D) = Dy)
1 1in 5,0 4] 3028 (D! = Dy)
1 in 3,6 | 275 (D, - Dy)

Mother formulas for the length of jump given by
Solano Vega vs.scm“—’ on the basls of study of available

exparimgntg data, - Ceeeee e
1,36 t"""’"""i""iz """""""""" ‘
log Le = /1- 10849 M - -(11)

Z

vhere Lo = B‘;, Do being the criticsl depth

.-2/

)(,:‘ ~ D{ \Ic, _ D(‘- _ L A O'f X‘ = F 3

N ACRE A Fj’"n. * |

The plot bet‘wem Le and X4 1s shown in Fig, 3;?.

The above formmulae 1s spplicable for value of Xg aquel
to 0.10 0.‘79, whi.eh ls gmeral.ly the range of stable Jumps.
For X1 equel to O;VO(F.‘J.‘?) the jump ;oses its stahuuy and
length canot be defined, This formulae is true for velues of
slopes from 0.@5 to 0,28, It i3 geen that this fornulae does
not contain anw vaﬁiahla’ defining slope which means that the
length of jump is independent of slope, The authorj claims
that the results eomputed by this formulae ﬁanot excead by more
theh 547 % of actual values of jump length obtalned in U.S.B.R,
tests, Thi.é variation 1s within thc_a pemissible range which can
bo expected in experj.meptal results, Bradley and Peterka 1. ‘have
tried to show that the ﬁndividuﬁ results computed from Vega's
fomulae differ much more from the experimental values than
claimed by the 1&'.‘61‘. These authors have also pointed out that
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the Vega' s formulae is based on the aversge curve dragwn by
uttlising the experimental data for varfous slopes, This is
the reason for variation in results computed from Vega's
formulae end the actual values obtalned by experiments, In
view of the ghove, Bradley and Peterka have questioned the
conclusion drawn by Vega that length of jump 1s independent of
slope, as the experlments conducted ﬁy them have established
that the length of jump does depandbh. the slope.

EVBRGY LOSS IN JUMP, o

- The extent of loss of énelsy in hydreaulic jump on
sloping spron has been evaluated by Stevend, Ho has given
the fomulag for both negative and positive slopes of gpren, I
Before proceeding for derivation of the expres.slon for the eﬁemy
1'633_, it 15 neocessary to study the formulgd derived by Stevens
for the solution of hydraulic jump,

In each case vhether the slope is positive or negative
momentum relationship for unit width of a rectangular chennel
can be expressed as below (Fig, 3-:8).

For negative slopes (downward direction of flow)

Iy

Dy .Y D. e e {1ra
%V‘+ilw6¢ +W s = gv«,-\r_{wxb L2'a)
for positive slopes N
Ckv,+ ?3&54, = Yy, * 9;‘_ (o +WSW\<{> -~ == {12b)
P2

where W £s the welght of jump body, The weight of
jump body for unit width is given by
- 5 ,"a . - e oW P
| W = 10.6 k.ﬂ."& xt ( D;d D‘ 2) mnuunnu».-.uuu(“s)
This welght has bean arrived at by considering the stralght line
profile of the jump surface, The jump surface profile has been

assumed. a stralght line and curvature of surface profile is



ignored as the profile is quite uncertain and not much errer in

welght of jump body is likely to be caused, The length of jump
haz been assumed on the basls of Formulao given by Ivanchenko for
horizontal apron

i,0. L R 1006 /\ - 0’185(D§ b.‘) .

In the above expresslon { & F° ,IfK A then eq (12) ean
be writtel as | emner e ae e ewmee
PR s A T
Subs’cituting eq (13a) in eqs (12&) aad(1ah) and simplifying

.............

&n - = (D5 - 0 ) (c08 f4m o §) mommmmmmmmennl 1)

where n .a ms and posi.\‘:i.va sign to be used for upward

slopes and negative sé.sn for downward slopes.
v :

Putting K = hpgry @z gh___aad sbstituting |
1

in eq (14) and using continuity equats.oa qm V1D1 » Vzﬁ

the equat&on Qeﬂ be written as

.............
-

: 4K - - e o 0 o 5
¥ (J coggr1) = m—m (16)
The ﬁnal depth i givan hy
7 m ¢ 14/ “ﬂ ——eae ecen(158)
'gl"a + T ) .

The loss of energy in jump can be expressed in two wayss-
(1) specific energy loss with reference to bed 6f stmeam. 1
(2) Geodetic Enerey 10ss 1.0, with reference to horizontal datum,

Speciﬁ.c Bnemy Loss.

mhe speclfic energy equation i3 given by
g 2
Dy cogp V:,

- 8 ' e .

In‘: Dh c@w —‘- &—\-Is nnmnuu-muupnhun( 16)
2

where 1s is the speclfic enemgy loss in jump,

V D D e
r i - —%—-————- 1
0 23' (’6;:—6‘:) 4> + (D -D ) s uhunnfp---u-nnn( 17)

12 Is 15 expressed in tems of initlal potential energy, then



/LS - m
Substituting this in eq (17)

I~
Vit D, 10 (17a)
290 (DHOID, | (DY

Ihis equation ¢sh be uritten in tems of K and J as below

.................

eleminating K using eq (15) and eq (18), As can be #
written as

s :Lﬂﬂﬁﬁ-r "3'
- 4300@ :, '

.............

/ta " ‘...3.'.‘:}) - { 1§ a)

L L hiad -

Gapdetic: Mergy Loss,

Let the plene of reference be horizontsl plane passing
through the bottom of Dy for posi ti?a: slopes aad at the bottom
of Dy for negative slopes, The geodetic enarg.r equation for

Dy m@ + .‘.’.12_ CRN equva Loe 1 (L) A0P+1E) amman( 208)

for nwatlve aIOpe

positive slope 15

-------

Ly §W1 °°39+-é- - D m¢+ .i_ﬂz -m--.(zoh)
where Ig s Gecde tic energy loss,

Substitating the velue of Lj 1n temms of (D,'.D,)

L., Ly ® m(By'= D) 1R oq () then

+ 2 - e T : N . .....,.
ng_ ..%@ £ (Dy= Dy) cog + m (D! Dy) slnP+1g memn(21)

o~ ,_(‘-_ﬂ (D D)c..:scp:..mﬁm D)) Smb+ Ty

i

D,
v* Q@(P +w\sw~c§>® +D) e D"‘) 2~-(2m)

oy 1}




Bubsututing Ig in temms of initlal potentlal enemgy

s..e. ig = 1"‘3 and putting in tems of K, we get
. 2.9 creeeees
K - ( 1+ m t J sz m-_u--( 22)
M w0 ds LRl
elf.minatmg K with help of 8q {15) . o
1 » ¢ ---ﬂ-—” (. 1+mtan¢) — ~ -- - (35)

. 4Jcos @
Fow gly vhen P m = 0, tha aq (23) reduces to /Lg

¢¢¢¢¢¢

B o
-~
G-Q
'
(X7 3
N
u“
f
L
&
&

For any valua of K, § can be found out from eq (15&)

and knowmg J the value of Ag ceh be computed from eq (23).
ivp Ig can ha ﬁetemmed by multlplying )Lg w&.th initial potential
eneigye in case of jump ox; horizontgl gpron the specific enegy
iogg sad g‘aod‘eti.e energy loss are obvicusly one and the same |
which 1s glso clear from eq (19a) ond eq (23a),

~ The geodetlc ghelgy loss can also be expressed as
percentsgs of initial energy |

N N T I T

= 100 I -
%1038 %mg — (24)

mbstitutmg 9«3 - 1- s 1.3. .‘Length 91’ jump intemms of
1 o

initial patenual energy and Ig m tems of ig

%lossw™ 48091 wsﬂ x 109 |
13,0y cos p,sinﬁ+ 1.@@5'5 X U, 3

= Agxt00 e T
Ejosmpmx
Fig., 3.9 shows the plot betwem J and percentasge loss

of in tems of initigl enexgy for ‘aifferent slopese It is soeh
 that percentsge loss increases for a given height of jump as
negative slope dimfnishes, The faot that percentage loss varies
with glope and Kinetleity K 1s clear from Fig, :’:;10 which shows

the plot between percents£e loss against gpron slope for various
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Values of K. vIt_ls al 50 seah that the gron with negative
slope of about 0.65 is glightly more efficient then a
hbr!.zontal bed in dissipation of initlal energy,

Kinﬁsvatgr 12 has pointed out the formulge for the '
length of jump adopled by Stevens as given by Ivanchenko is
for horizontsl gpron, The length of jump 1s dependent on
slope of gron, . Secondly the assumption that jump bodyshape
is a trgpezianfor svaluation of voluma'br Jump body, results
in ingccuracy, According to Kindsvater, results computed
with the above assumption were very much different from
experimental results, Kindsvater, thersfore belleves that the
| variations in resulls computed from Stevens analysls and the

experimental results, is larmgely due to sbove two assumptions,

STUDIAS ON JUMP FOR PARTSLOPING AVD PART HORIZONTAL APRON,

The-studies about Jump vhen it lles partly on sloping
and partly on horizontgl gpron, were carried out by Bradley
gnd Potera” o It 1s observed that jump front move up the slope
when tailwater is increaseds The verticel movement of jump on
élOiae is meny timos more then the increass in tallwater
depth (Fig. 3;1-1),’ This trend continues till the tallwater
(iépth gpproaches 1.3 times the sequent depth, Further increase
in tailwater depth results in movement of jump fromt in
verticel direction equel to change in depth of tallwater. In
case of mron slope belng very flat, the horizontel movement
of the jump front is even more pronounced, The exparimehta
conducted by ghove authors were confined to slopes verying
from 0,05 to 0430. The authors have prepared charts shom.ng

‘the plot hetween dlmlnsionlass perauneters £/D, ®ainst D _3,
b
2
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for different gpron slopes (Fig.s-m). These charts show that
various lines representing differen’c slopes tend ‘l:o inter sect
at a common point where L _ma % aro 1 @d 0,92 respectively.

The change in proﬁle of jump at 1% moves from horizontal apron
to sloping gpron is evidenced by the curved portion of the lines,
These charts are very usaful in the study of tatlwater reéuiranents
for the formation of jump on different gpron slopeds
| 4 formula has glso been developed by 801 ano Vega Vlschim

for detemmmg the tallwater depth for the fomatlon of jum;; which
lies parthy on sloping gpron and partly on horizontal spron, This
is given»b,y o |

. Ty

|
where D2 A

W . .
D' x = cosaqsmz( 1e %) |
Hequent depth when whole jump :t‘orms on fully s].Oping
@m.
Sequent depth when jum;: toms on horizontal gpron,

7% [ YR | SEYEE | JET)

e
.

length of jump on sloping portion of gpron,
The a’aove fomula can be expressed in dimensionless fom
by dividing with De (critical depth)

—

D D
0x X_,;_ ~ X"' -f': (0’5345 + Xj_(\"!‘L)

D D1
Tw . z,(_Q.CurSZCP-F (\ L>

_ fhe plot between Xé and Xy %s show in Fig, _5;13. The
anthor clalms that variations in tailwater computed from above
fomula and observed values oh model tests hardly differ by
4,14, |

4s far as the enexgy dissipation characteristics of jump
on part sloping and part horlzontal gpron is concemed., it appears
this has not yet been speciflcally studled. Honevezj:.t may be
‘added here that the stilling basins utilising hydraalic jump
on part sloping part horizontal spron, have been used exfen stvely
and the performance have been éuite satisfactory, 5



in the above paregrephs an attempt have been made to
discuss the various elements pertalning to hydraniic jump on
sloping apron shd on part eloping part horizontal apron, The
spplication of sbove discussion for the desigd of stilling basins
utilising hydraulic jump on sloping gpron as meais of energy
dlsslpation, is dealt in g subsaénmt chapter,
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HYDRAJLIC_DASIGH_CONSIDERAT TIONS_AVD_CHOICE OF MVZRGY DISSIPATOR,.

| Various types of enewmy dissipation arraigements below
dan illvays have been developed depending upon the hydrsulie
reciairements. The main typas of energy disslpat:.on arranganents
nay be classiﬁed under three categories as belowl.

(1) Hydraalic jump stilling basins,
{2) Boller bucket stilling basins,
(3 Skipump and Trajeetory buckets,

The selection of eny particular type cf stnung basin
d@ehds upon the slte conditions viz, topogrsphy, foundetion strata
ahd ;t;ydragxlig conditions, Perheps the most importent factor which
affects the cholce of enexgy d!.ssip ation arrangement is the hydranlie
conditions at a particular site. In the followlng paras these
conditions at as well as the cholce of particular type of arraigements
for energy dissipation have been dlseussed,

TALWATZR 4D JUMP HBIGHT RELATIONSHIP,
| The study of tallwater rating curve and jump hei.ght curve
is most important for choosing a particular eneIgy di ssipation
arr@ggpgit, In gll, five conditions (Fig, 4...1) may define the
relationship batueen the depth Tequired for the fomation of jump aid
the tallvater avallable downstrean of the structure , In the whole
discussion the jump height is considered wlth reference to jump on
a horizontal spron, o .
Cago 1 3 When the talluater rating carve colncides ulth the Jump
* helght rating curve, This is seldom possible in actual
cases, In this case the jump will fom for all range of
di scharg e s,



TAILWATER ELEVATION

TAWWATER ELEVATION

z
Q
'
>
ul
-4
w
JUMP HEIGHT CURVE o
= TAIL WATER RATING ;1_1
CURVE «
2
<
<
DISCHARGE G )
CASE 1.
z
TAIL WATER RATING o
CURVE -
”
>
w
-
u
Pl o
7/ L
L% JUMP HEIGHT E
7 CURVYE ;
d
<
'.—

DISCHARGE @

-

JuMP HEIGHT ,,"’

CURVE ) 7
’

TAIL WATER RATING
CURVE

DISCHARGE Q.
CASE 2,

JUMD HEIGHT
CURVE .

TAIL WATER RATING
CURvE

DISCHARGE &

CASE 4

CASE 3
z
Q
’-—
; TAILWATER RATING
Ve
u CURVER -
rd
u
7
o o
r-
§ /’(\JUMD HELGHT
7 CURVE
S

DISCHARGE &
CASE §.

CLASSIFICATION OF TAIL WATER CONDITIONS

FiG- 4-1

-




Lasa 2.3

Case 33

Case mf:* 3

Cage 5 1

In thls case the jump helght rating curve iz always

higher than tallwater rating curve., 4s the tallwater is
less than sequent depth resquired for the jump in the entire
range of aischazges, the jump will form far downstrean,

The strear bed will get scoured till safficlent depth is
avellable to pemmit Jump fomation,

In this case the jump helght rating curve is slways below

‘the tallvater rating curve, Thls condition will canse

the jump tb move up étman and suhmngg,_ad jump w1l result,
If has already been discussed in Chap.te.l" 2' that the
satmerged jump is not as efficlent as a free jump from
energy dlssipation point of view, The scour will toke
pléce dowastrean of apron a:s. flow with high velocity
travel s down strean, |

In this case, the jump hetght rating curve is higher than
tallwater rating curve at low range of dischamges but is
at a lower stage for high renge of discharges, This will
result in movemenlt of jump position towards downstirean
for lov discharges (eage 2) and movement of Jump towards
upstream with a tendency to form submerged jump for

'hlgh cuschgmes {case B)o ‘ | ‘ .
This is reverse of case 4 1,04 the Jump helght rating
curve 1s lower than tallwater rating curve at low range
of discharges but at g higher stsge for high range of

di scharges, This will result in movement of jump towards
upstrean with a tendency to get submerged at low range of
dischaxges, and the jump will move towards dowmnstream ‘
glde at high range of discharges, 4s the Jump hgs a
tendency to move towards downstream ,siée at hig h ﬁi,schar;
;ges s the bed will get scoured,



In the cases mentioned ghove the effect of variation
in tellwater on fhe movement of jump has been broughtont, Since
the design of stilling basin is govemed by tallvater rating
curve, sny incorrectmess in tallwater rating curve will greatly
affect the performence of stilling basin and may even msie the
basin lneffective, In order to ensure a satisfactory
perfomence of stilling basin, utmost care in determining the
talluater rating curve should be exercised, ‘ALl the factors
which affect the tallwater and are likely to affect 1.1: in future
Wi1l have to be considered, __ (

The tanuatér stege discharge relation at the structure
may be affected by passtbiéz retrogression of the outlet chanel,
river chditngl and downstresm projects ete. In streams vhich
carry sediment, the construction of structure scross the stream
results in retrogression of levels dowmstrean of the structure,
This tdces place because water released through the structure
is comparatively free of sediment charge and it plcks up the.
material from the bed of stream causing refrogression in bed
levels which ultimately loads to lowering of tailwater level,
This possible reduction in tallwater is reﬁuired to be gvainated
in advance and accounted for while preparing tallwater rating
curve, |
DESIGN DISCHARGE FOR STILLING Basii.

The knowledge of design discharge which a stiliing
basln has to cater for, 1s esseatlsl for its design. For flood
control projects, the designed dlscharge cesn be evaluated from
hydrological studies and flood hydrographs of the natural stream,
The dlscharge in the stilling basin comprises of discharge from
the overflov spillway as well as discharges through the outlet
slulces 1f these are located in thg body of spillway. The



di scharges rrom large storge reservolrs are malnly govemed by
downstrean requlrements and a.rri.gat.ton demmds.
WIDTH OF STILLING BASIN,

The mm of still!.ng hasin is ﬁ.xed from hydrailic as
well as tOpog raphical consi.daratlon ss The reduction in width -
of stilling basin increases the depth of the hasin, Sometimes
topog raphieal features m 8y favaur small wiéth of basin, In
detemining the fnal wdth of basin, it has sl to be
con sldered thaf the upllist pressures on floor &l ab as Tepresented
by the dii‘ferenca in depth before #d after the julp, are noi;: ’
excessive, |
01101&&‘. OF PARTICKLAR TYPE OF mmx DIESIP&TION SRR PCEMENT,

8s almady stated eaﬂiar the ehoiae of a particular.
basin 1s ganarany de‘tammed fmm hydmuuc, to;;ographie,
.geological and economic consideratlons. Out of which the
.hydrauun con s&dara‘ticn 1.a. tailwa,ter and jum;) hetght | relation.. \
_-ship y 1s the most dominant factor, The choice of parti.cua].r
| arrmgemants for di.ffarent cases of mnp ha!.g ht and tauwatér
- relationship, are discussad ’aelw. | o '
. in aase 1 K the chcswa ef stilliﬂg ‘bas!.n naturauy
: ‘falla on hydraul,to Jump type stillins basin wlth hoﬂzontal
- gpIoR, as the jmnp foms for all ranga of.’ dlschames.
| - In the ¢asa 24 the tallwater 1s deficient for all
raige oz dlschaxges eaus.tng tne 3ump to move towards dounstresm
resulting in lot of scour m bed. The JMp fomatlon in‘the
- stilling basin cm 'be ensured by mitame measures to meke up the
- tallwater deﬁciency. The possible arraigenents are =
(1) The depression of floor at the start of basin, This
11 ensurs the start of jump near the tos of the dam,
Aand the aump body in all cases win. lie ganarauy in
the bagin, |



(11) The full gpron can be sultapbly .Lovare&~ below the stream
bed to ensure formgtion of jump, |

(i11)  The constructlon of a low secondary dam downstream of
main da_n,. w1l increase the tallwater depth to ensure.
the jump formation,

The skijump or trajectory typs of hnckats can be usemw
ado;;ﬁeﬂ in such sltuations whara tallvater is not sufficient for
the fomation of jump, This type of bucket throws away the Jet of
water in the air which strikes ths river bed at a good distance
dow strean of structure, This type of_arranganent is very econe; :
:.miscal as compared to hydranlic jump stilling basin, Only
consideration for this type of arrsngement is that the bed
material should be composed of fairly fim Tock,

- In ;c#é; 3, where the tallwater depth is more than the
hydraulic jump Tequirements for zll range of dlschatges the jump
‘has a tendency to move upstrean;_ ‘The Jump formed is of submerged
type wbich results in inadequate dlssipation of ensrgy, The clear
junp at ell dischamges can be ensured by providing the following
arTengenents, |
(1) & spron at mitabﬂle elantion dove the river bed W1l

| - ensure the ramatlon of free ;jwnp.
(11) A sloping spron ghove the river bed level will ensure
formation br efficient jump at all ranges of diseti‘argas.

The start of jump front wlll adjust itself along the

gloping spron dépenﬂing upon tha}v ‘réqul'rdnent of tailwater

for the fornation of jump, - | '

| The other type of energy dissipation srrangements used
in sach cases, are roller tuckets, The roller buckets may be

so0lid type or slotted type. The slotted bpckets are used where
the matg;'ial of river bed 1s likely to be sucked inside the



bucket as a result of ground roller action, The detalled
discussion gbout roller buckets is covered in a subsequent
chaptex,

. In the case 4, the tallwater is inadequate for low
range of discharges while it 1s in excess at high ramge of
discharges, This results in moving the jump downstream at low
raige of discharges, While at high range of dischaxges, the jump
has a tendency %o move upstrean and submerg ed type of jump is
likely. to be formed, The submgrsicn o; jump at bigh range of
dLschatges w1l cause inadequate dt ssipation of energy and the
flow vill have high‘ v:aiociﬁes after 'litv]‘.'aévés the basin which
will Pesult in scouring of river bed, At iowdischarses, river
bed s also 1ikely to get scoured, as the jump has a tendency
‘%o move towards downstresum. In order to ensure the formation of
~clear jump at all staes and to control the jump posi.tibn within
a certaln range, a sloping gpron starting from higher level and
" ending at a Loveré level than the river bed level, is required to
be provided.' The position of start of jump i1l amsﬁ'itseu
along tha’ slapmg g ron ‘according to avauabnity of tau water,
The Jump wiu form on slo;:ing gp Ton porti.on above the river bad
level at high range of discharges @d in apron porti.on below the
river bed 1eve1 at low discharges, 1In this case a combination
of part sloping nd part hort zon tal apron ean be used with
advantsge , The part sIOp’;ng api'on will start at a higher level
#d W1l end &t a lower level then the rver bed level, folloved
by hort zontsl ap‘mh. This type of afr@genant is more econont cal
then fully sloping spron, The detatled dlscussion sbout this is
done in a subsequent chapter.

In case 5 , the tatlwater &ep'th in in excess of Jump
requirenents at low raige of discharges while 1t is insdequate



for high range of dischargese This will result in movement of
jump towards upstrean sid end jump will get submerged at low
discharges vhile at high range of dischsgigeé the jump will shift
towards downstream side causing a lot of scour in river bed, In
this case the later situation ls dspgerous as the dischame
intansities W1l be quite high Tesulting in severe scour, while
submersion of jump at low discharges will not create much problem,
The provision of a similar type of sloping gron or part sloping
part horizontal gpron as suggested m the previous case, wlu
easure the formation of clear jump, ~ The difference will be that
the jump will fom on the sloping portion of spron above the river
bed iavel ‘at low dischamges while 1t will fom on the lower pértion
of mron- at high dischatges,
~ The provision of sloping gpron helow ﬁver ‘bed to provide
‘necessary depth for fomation of jump, mey involve huge quanti.ty -
~of excavatidﬁ. I’n chh slttiatlons a bigh level skijump or trajectory
type of hu&et nay ha mora economical. pmvidad t:he ‘bad consists
of falrly good mek. _ ‘ '
~ 1in some of the cases discussed gbove the jump helght curve
may differ greatly rrom tanwater rats.ng curve. The Jump height
,ratmg curve cen be made to gree closely wlth tallwater rating
curve 4 by proper sel_egﬁcnvof‘ Spin.way crast 1ength provided
othar‘ maderattons pérmit. The‘éﬁmga in crest 1énéth may result
in incregsed cost of crest gatas, Spulway portion or other faatures‘
of dam but this might be more than offset by mductton in stilling
basin cost, Therafore 1‘?’»? always desireable to gxanme the
proposals of energy dissipation arrangements from 'this'polnt aléo.
The entire discussion on hydraulic jump end categortsing
them into cases 1 to 5 sy presupposes that the dischal‘ge i.s unitormly
flowing over the entirs length of the splllway. This is only



possible when the crest is elther uncontrolled or the gates are
so operated as to 1ift equally in ail bays, Sueh éperatioﬁ of
gates is hardly possible in actual practice. Thus thera is
conslderagble limltation to this in ;;raetlcal operation for
erest controlled Spillway.

The sbove di scussion mainly deal s wi.th hydraulic daslgn
conslderatlons for different types of anergy dissipation
arrmzaments and cholece of particular type ot' arrmgemen tse In

. the mbsaquent chapters, each typa of energy disslpa‘tcr 15 }
discussed in detail.,

n@ﬁf@@n
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Thg stilling basins, utilising hydraulic jump as energy
dissiptor, have been used on laige scale throughout the vorld,
xnspi,te of this, it has not been possible to evolve standard type
of designs for mch basins as the designers have dlffered on many
points e, length of basin, pemissible variation in tallwater
depth, use of gppurtenances such as chute blocks, baffle plers and
end sill eté, The deslgn of stilling basin involves many factors
dnch é@hot be evalugted fully, However such important factors
which ganeerilly infludnece the design of stilling basins are
described here,

FACTORS AFFECTING DSSIGN OF STILLING BASIN,

According to Progress Report of Task Force Committee“, the
maln factors affecting the deslgn of basins partieularly shepe ahd
dimensions ére as balom;

(1) Absolute stzapf structure,

(1) Frequency of operation,

(111) Durabuity of ﬁ.ver bed downstream of stilling basgin,
(iv) Use of gpurtenances such as chute blocks, baffle plers

#d end sill etc, |

The slze of structure and the discharge which requires to he
hendled, greatly affects the design of stilling bastn, When the
structure 1s big and importent, no risk can be tdken and ample
factor of safety in design is necessary while in small structures
some calculated risk can bhe tgken in design as forces ianvolved
@d are small a0d TepalTs can also be effected 1f necessary, It
18 imperative to know the range of structure slzes used to develop



a dimensionless design data before it can be applied in 2
particul ar cases
The fredumcy of Operation has a great bearing on the

design of stilling hasing, A gregter faetar of safety 1s
uecessary' for stmcture whic’h Operate fredﬁehtly or 'continuously
as carrying out of repavrs may be more eostly than providing an
“adequate factor of safety in design. | In structures which
~ operate rerely, repatﬂng vhay be more emnomical than provision
of expensive design in the heginmg 1ntse1f. |

~ The dursbility of river bad, many td.mes affects the
provision of necessary length 91? basln.. I1f the bﬁd _mgterial
caanot be eroded easily, ‘the basin of shortér length can be
pmvided as compared to the 'basin whaxe bed material consists
‘of loose material such as saud and grave}. etc. Ro raticmal |
rela’cion shs.p hetween l.ntsmal velocttles 1:: the Jump and their
| ~effect on hatemgeneous bed materlal, has so far ’been estabu shed,
| Only guide in tbese cases is modal studies and past experience
on similar stmc:mres. _

- The use of other appurtenances such as chute hlocks,
hafﬂe pi.ers and end sill can be helpful in raducing the leng th
of basin, Bafne piers, unless stresmlined excessivaly, mma
the jump action towards ‘upstresn pertlm, promote stabnity,
reduce wave heights nd prevent early jump sweepont 1f tallwater
dep th is in adequate for Jump formgation, Chute block also help n
to prevent early sweepont ahd 5ta§3111 se the jump 'posivtionv and
action, The Task Committee is of the épmioh that thesé when
used alongwith end ‘32.11“ may reduce -thé basin 1ength by one third.
_';’he baffle piers are maximum éffectivé if they arei‘ squ»éfe edged
éﬁd are placed at 1.5 timeé the se@aent_depth from the start
of the basin, However tests have also indicated that baffle



plers produce eavitation if the discharge intensities exceed
200 cusecs snd velocities exceed 4 to 50 ft/sec. The higher
velocities may be allowed provided discharge Intensity is less
than 200 cusecs., Thas the use of baffle plers is limited, The
detailed discussion on the use of gppurtenances is glven later
in thls chapters |

DSSIGN OF STILLING BASINS.

The st!.lling basin may be deslgned with horizontal ‘
gpron, fully sloping gpron #d part sloplng part horizon tal epm.
The horizontal and sloping apron are used depending upon the
hydranlic requirements as discussed in the last chgpter, In
this chepter the design of stilling basins with horizontal gpron
only is proposed to be discussed.

- The jump on horizontal spron insures slightly better
dj,.ssipatlon of energy thsn sloping gpron provided tallwater
depth required for formation of jump is avallabls at all range
of dlscharges. The jump on basin with horizontal spron is very
gensitive to tallwater variations, A slight defficlency in
tallwater may csuse the jump to sweep off the basin, 4s .
already stated earliar the problem of defficiency in tallwater
to some oxtent can be overcome by providing stilling basin
appurtenances, |

Classification of basins with horizontal gpron has been
attempted by U.S.B.R.' depending upon the discharge intensity
sad velocity involved . The arraugement of gppurtenances in
the basin as well as the dlmensions, also Vary' according to
digcharge intensity and veloclty, E’levator‘dgﬁ has also

suggested the shapes of basins sgimilar to agbove with some
difference in dimenslons depending upon the discharge intensity



gnd velocity in the basin,
Leng th of basin,

~ Basing gre seldom dbsigned to conteln the whole length
of jump on the paved upcn gpron as this will mdte the basin very
costly, The purpose of energy disslpation cen be accomplished
by providing shorter stnlmg basin with installations of
sultable q;partenanees, Exparimental studles conducted on jump
chargcterlstics by Rouse, Sleo and Neg arataen'’ indicate that
major portion of energy loss ﬁdies place in the initigl 50 to
605 pOrﬂ.m‘ of length of Jump for moderate value of Froude numbers,
The redti ;tribntioa of velocities occurs after major;l_fy Qf loss
have _occuie&. This 1s glso clear from F"@*, 2..3 (Chagptar 2)
where the sffact of sabuergence on the fall of enegy in a jump
1s shom, that major portiton of energﬁr loss tgkes placé inths

mts_a). half of jump length, | |

- The eondition of bed material gl 50 ai‘fects the leng th of
basiu. The scouring of river bod can be l’educed hy providing end
si1l. ‘T,he length of jumps for varlous types of U.8.B.R, basins
‘are shown in Fig, 5.1, Itis opsarved"thAt Basin type I (without¥

appurtenances) has jump length as 6 tlmes sequent depth for

. medium range of Froude numbers, For fype II Basin in which chute
Blocks md end sill are used, the length of Jump &s 4 to 4,3 times
the sequent depth, In case of Type III Basin which has chute
blodks, baffle plers and end sill, the length of Jump varies from
2,4 to 2,8 times the saquent depth depending upon the Froude
number; Thus the length of jump gets reduced by 1/3rd to 2/3rd
with the help of gppurtenances which is very significant, The
detalls of Basin Type II and Type III are shown in Fig, 5;2 ad
5.3 Tespectively, |



[ | l
6 - —\_rimumuump(rlypg 1)
L ]
/| ’ \
// ' ! \
/
s 2
,I
7 . TYPEILBASIN
/ — ~+
4
L
D2 3
— !
| |

2 4 3 8 1o 12 14 16 18 20
. R

HYDRAULIC JUMP STUDIES
LENGTH OF JUMP ON HORIZONTAL FLOOR

2
1
0
\ FIG- 5-1

DEMTATED SILL.,
CHUTE BLOCK, 00205 b |
‘ i

-
-~

S$2=0.15 D2

RVASIN IT
F16.5-2

)

e el %




itevatorst® recommends a length of 5(DgeDy) for basins
where the chute blocks sad end sill are installed (Fig,5-4), In
case of basins which have chute blodes, baffle plers and end sill
(Pig,5.5) the length recommended 1s 4,5 (Dg~Dy), |

The followlng teble shows the comparision between lengh
of basins of U.8.B.R. type and suggested by Elevatorski,
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§ Dy | Bastn with chute bloeks | Bagn th chute blocks
and end sills, - Baffle pler gnd end sill,
g g (1) § : (1) - - - - - - .
o ¢ ievaioréz U.5.8,8 1 “Blevatorai] U, §.§.§.’ - -
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me the abwe table M: i3 seen that 1angth recommended
by Elevatoréii ise to 10% more than the U.S.B. R. m base (v
14 50 to 60% mors thal U.5.B.R. in cass of (,u).. The dimensions
of appurtensnces used in basin also differ slightly, Tt has
al ready 'baen stétad earllar in Progress report of Ta'sk Force
' Commi tt eel® that the use of gppurtenance raduces the basin
,ylmth by one third, Thus there is marked difference in the
recommandations of various authorities reg arding reduction iy
the leng th of basin due to Lnstallation of appurtengnces,
@purtenanaes used 1n Basid,
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The sppurtenances used in the basin are chute blcoles
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baffle piers end end sill, As stated earliar the use of these
helps to impwove the performmance of stilling basin, These help
in stabilising the flow, in increasing turbulence and in
distributing velocities more evenly throughout the bvasin, The basin
length can be reduced as mentioned earliar and 1t can function
with lesser tallwater than required for the basin wlthout
appurtenancess The extent of tallwater difficlency which can be
pemitted in various U.8.B.B. basins 1s show in fig, 5-8, It
1s seen that the maximum difficlency in tallwater depth is per.
"missible in case of Type III Basin,

~ The functions and dimensions of each type of gppurtenances
used in basins are discussed in following paras.

nnnnnnnnnnnn

Ehate.Blogks.

Those are provided at the entrance of basin to increase
~the effective depth of entering stream to breskup the flow into
numerous jets and to create turbulence required for enemgy
dissipation, The blocks mghe ihe jet 11ft off the floor asid
thus shorter basin length is possible, The provision of chute
blodts may not be desireabla when the streams carry large amount
of debris and sedlments as these may dgnage the blocks by impact
and gbrasion, The general dlmensions of chute blocks gecording
to U.8,B.R.! practice ave shows in Fig, 5-3, 5.3, The dlmensions
raaammended by Blevatorgd® are shown in Fig, 5...4 and Fig, 5:5,
Baffle Piers, |

Thege are provided in basins to stabilise the formatlion
of Jump and to increase the turbulence thus helping the ensmy
dissipation when the discharge intensity is low, According to
Elevatorski® baffle piers help to compensate slight difficlency
in tallwater and during flow of high mt"ensity\ asslst in deflecting

.
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the flows awaY$ from the bed of river, The basin 1engtb al s0
gets reduced as‘stated eatliar. It 1s seen from Fig, 5..4 @ad
5;5 that the use .of baffle pier's canses very 1ittle reduction in
basin length as far as Elevatomsl 'basms are coneemed, while
in case of U.S.B.R. Baslns (F:I.g. 5..2 and 5..3) the mduction is
quite slgniﬁeant. |
| The pemlssihle dlfriciency in tailwater can be evaluated
analyticany by usmg momantum equation. The fingl equation ag |
derivad by dlevatorsi® 1s eXpl'essed as "“ -
%‘% A CARC e et
where ? - foree exertad by plers.
b= . vidth of badla,
Dp = Depth after jump with baffle plers.
Dy = Sequent depth without baffle,
,( . Kinevtic, flow factor, |
» AL P 1s known in the above equation then Dy can be
oveluated, P can be determined by means of dveg e q&auon.
| p;%%f | |
where Cb = Drag coefficlent of baffle, .
A
P
U = Velocity,

The value of Cb can be determined from model studles

~area of blocks.
Mass density,

TS

in the laboratory for particular shape of plers and spacings,
The spacing gnd other dimensions of baffls plers are
thom in ﬁ,gure 5.3 for U.8.B.R. stilling basin type III, The
dimensions recommended by Ele‘vatorsug are shown in Fig, 5.;5. '?he
TJ.S.I.%.R.1 studies indicate that helght of b‘af‘fle‘pier He varies
£rom 1 to 3,6 times D1_ for Froude number ranging from 4 to 18
(Fig, 5.7) while Blevatorski® recommends Hy equel to 2,8 D, in
all cases, Baffles of other eﬁz‘apes have also been used such as
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triangular shape, Recent experiments conducted by Pillal and
vnnt'® have indlcated that wedge shaped baffles with 120° engle
at upstrean nose gives the minimum length of jump, The results

obtained by them for Fy equel to 7.85 , are given below,

Mgle of Block, “ Leng th of jump, - Remarks,
60° 56,0 Dy

90°  ®,5 Dy

120° 2.0 By Least value
) ’

180 , 36,0 Dy

From the tah}._g'ﬁ;j 1t is seen that for P, equel to 8 the
U.S.B.R. Type III Basin given the length as 28,6 Dyy Thus 1t
is clear that the least length of jumipl with 120%angle of block
is only slightly less than that of U.S.B.R. Type III basin, The
ghove authors sl so. clalm that this shgpe of blocks reduces the
- chanees of cavitatlon. Further they hévé also indicated that
energy dissipation improves 1f tﬁe blocks are placed nearer
towards the begining of jump than the distanca 'reccmn;encied. by
U.8.B.B. (Type III basin),  The authors have not indicated eny
definlte dlstance which will glve better d»lsslpvation as the studies
probably were not then conclusive, |

According to Blevatorski? the epacing of baffle blocks
should be such that they should occupy 40 to 55% of stilling
basin wldth, If these ocoupy too much ares, safficlent water will
not flow in betveen the blocks and they vﬂ.ll tend to get more and
more 1ike a sill than individual blocks, |

The provision of baffle plers have many advanteges
discussed adsove, even then as stated earliar the use of these is
not favoured by Task Force Gommittea“‘; and Elevato;'ssig, vhere
discharge intensities and velocitles are greater than 200 cusecs



and 40;50 £t/ se¢, respectively as these are likely to cause
cavitation,

1t has been stated above that the use of baffle plers
is not favoured where discharge intensitles are greater than
20 cusecs becauss of cavitation. It has not been explained
how the discharge intensity affects cavitation, Normslly a
higher discharge intensity will have greater tailwater depth
which will result in more hydrostatic pressure on the blocke
This will have the effect of reducing the cavitation, Thus the
idea of limiting the use of baffle plers upto a particular |
di scharge intensity does not seem to be beyond question,

| These are prbvided to 1ift the flow off the river bed and
create a back current which causes bed materisl to be transported
ehd hegped up sBalnst the back face of the f£ill, The use of
end sill slso stabllises the flow, deflects the eurrent from the
river bottom and helps in pe:rormancé of basln with less tailwater
depth, The end sill mey be 'éerti_cal, stepped, sloped or dentated
wall provided at dowsirean end of the basin, &Some of the
prevalent shgpes are shown in Fig, 5;8. According to Elevatord&i.g
the Rehbod; dentated sill is the most efficlent type of sill,

. The stendord U.8.B.R, end sill consists of a solid end sill with
upsirean face as 21 and downstrean face as vertiea:l.; The studies
cunducted by U, S.B.RZ have also established that ...é. vhere Bd

15 helght of end sill, increases with Froude number (F'ig.«ﬁ.?}v

The height of sill 1s quite 1mgortant dlmension as far as perror.:.
.;me.uce_ of basin is concerned, If sill is not hi.gh enough the flow

may pass over the slll as stending wave or swell and the purpose
of providing sill mgy not be reallsed, In case the sill is too

high , a viclent roller will set in motion, vhich will draw



the bed material in the basin, Therefore dimensions of end sill
shopld be declded 1ike other sppurtenghces after condueting
model studies,

SIILLING BASIN WaLL8. _

The design of basin walls depends upon the shgpe of
basin channels The basin channel may be rectamgular or t:capa;
-w8igl. According to Elevatorsei® the model studles have
established that verts cal or near vertical walls provide better
flow eonditions in basins‘ thari the sloping wallss The sloping
walls are more economical to construct but poor'perfom}ance of

Jump w1l offsst the economic advantage. -
| | The top of side walls are so flxed that maximum dasigned
discharga is contained in the basin w‘lth sufficimt free board
to allow for spray and air eskentainment of turbulent water,
The free board recommended by Blevatorskt® for rectangular
channel s is és below.

Disqharge Q : - - Free bogrd - in Ft, - - - -
0 - 100 2
00 « 500 3
500 ~ 1000 4
1000 - 5000 s
5000 = 10000 6
10000 - 50000 8
60000 -  1,00,000 0

1,90,000 andé) above, | ~ 1/3rd of sequent depth,

The side walls ¢an be reduced in helght when bacin 1is
conﬁ.nsd by good rock, |

In the above reaommaudatian for fixing the free board
Elevatorsh:i has related the free board with the total di scharge Q



which does not seem to be very rational, The free board should
have been fixed on the basis of intensity of distharge rather
than total discharge, He has also recomended that free boagrd
should be 10 ft. for discharges ranges of 60,000;1.,00,000 cusecs,
and 1/3vd the sequent depth in case of discharges greater then
1,00,000 cusecs, It is not explicitgé as to whal amount of free
board be adopted in last range of discharges if the 1/3rd sequent
depth comes out to be less than 10'. The minimum free board may
be 10£t, in such cases,

Effect of Alr Entrainment,

it A S0 T S S i S B i 05 s A0 B0y T A T S e W N B Sy

Accordi.ng to Elevatorédg the aftact of alr antratnmant

upon the depth of below q:illway should be accounted for in the
case of high spillways. He suggests that depth of alr entrained

ﬂow can be obtalned from curves developed by Gumend:y‘g. The

.discharge intensity and actual velocity should be known before
using these curves (Fig.ﬁ;g). The gctual velocity below-a
spillway canr be found out by the usuasl formulas V4 = /'?iﬂ;
where Hq 1s the total drop from head water emergy gradient to
water surface at the point under consideration, less friction
vlossegv whiéh are determined by Manning' s formulae with rugosity

R & 4008 o 0,011, Oumensky has indlcated that alr entreinment
only affect the horizontal hydrostatic water pressure acting on
the jump and the hydraulic jump Ltself is 1ittle affected, This
means that the jump elements will not be so much affected as to
require consideration in practical cases, Hence for practical
designs he suggests that actual velocity and net depth of water
without alr entrainment should be considered in jump comput.ation.
The effect of sir entrginmant should be considered while fixing
the height of Training walls, '



BRI&SF DISCEIPTION OF STANDARD STILLING BASINS.

The design aspeets ofer stilling basins have bestt dlscu..
.sseﬂ above, In the followlng parsgraphs the standard type of
stilling basins used below 59111ways which have been developed
after experimental studies by varlous authorities are discussed
briefly,
8. Ao ¥ _Bf'sln,;“

~ This basin (Flg.ﬂ;io)' was developed by Blalsdell ! gnd
gecording to him it,is‘_; suitable for Kinetic flow factor Aranging
from 3 to 300 (Fq . 1.7 _tc 1,,7)‘. _!Ehe baffle h-lolcks occupy nearly
© to ﬁdas % of basin wldth, The spacing of chute and baffle
‘plocks Ls 3/ 4timed the helght of blocks, WNo effsct of alr
entrainment is considered in ‘this type of_basins. Tlr_xe tallwater
re@uirement varles wlth Kinetic flow factor and is given hy

T ka2 3 o 20, ng;; (o0 A
2 | 120

K = 120 to 20, % -(10-1 ...L)
where Dy ' is tallwater re%iremm‘t ad 82 is sequent
depth after the jump. The basin length is given by the formulay
o | |
From the above fomulas for basin 1ength it is seen that
for Aequel to 3 the basin length comes to 3 D, ad for N equel
to 300 1t comes to 045Dz This means that basin length goes on
reducing as N ln-creases, Consldering the length of ri.'atural Jump
as 6Dy the reduction in basin length is more than bo% rér A equel
to 00, This agiomaly indieates that this type of basin can be

used only for low range of Froude numbe rsy Vente Chow 225150

‘siggests that this basin 1s sultable for sma11 spilluays outlet
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wiks and canal structures,
U.S«BeRe B_gf}_gs i,

These are natural stilling basins with horizontal gpron
without aay sppurtenances, As the length of jump is too much
these types of basins are costly. The jump position is also very
sensitive to tallvater variations, | |
U.8:B4Rs Basin II 1L,

B.‘hese are used for high dam end 1arge outlets. This
type of basin is effective for Froude number greter then 4,

The gppurtenances used are chute }bloda's and end sills only,
Baffle plers are not provided as ‘veloAciti.es are generally high,
Itis not necessary to stagger the chute blocks with respect to
sill dentates. For narrow ‘nasins which have few dentates the
wdth and sp.aeing may he raduceé further than shom in Fs.g. 5...2,
The spron elevation is set to.utnis:a the full sequent depth plus
an added factor of safely L.e. Rearly 5% is advisable.

In cases whers thess tasins are provided below chutes
and 11‘ slope of chute'is 131 or greater, the sharp intersaction
of clmte with basin may be replaced by a curve o€ (Redius R >4Dq)e
This basin Ls sultable upto fall fof 0 ft, and discharge
intensity of 500 cusecs "provmeﬁ the flow at entry_i.s‘una.fom in
velock tyand depth, | | -
g:s.B.B.-TypejIII'Bag!}.

This basin (Fig, 5.:5) 15 uged for small spillwgys and
canal structures, similar to thst of 8,A.F, typs basin, It hgs
a higher factor of safety than 8, AF, stilling bgein, The
- perfomegnce of this basin indlcates that jump and basin length
can be reduced by 60§ with the help of gpurtenances. This type
of basin wave not sultable when velocitias are 1ikely to exceeds
50-69 ft/sac. This type of basin may be quite effectivé for



Froude number as low as 4. U§B§B.R.} has not indlcated the highest
1imit of Froude number upto which this basin is sultable,
Basins suggasted by Elevatorski,

Ay e e 0D T O A S Oh 0s M

The basins (Fig.5-4 andd.5) recommended by &le vatoxakl
are sultable for the slze of structures similar to U.S.B.R.
stilling Basin type I1 and II1, The difference in dimensions
of these basins with respective U.8.B.R. Basin has been already’
pointed out earliar in this chapter. |
&XMPL&S OF STILLING BASINS WiTﬁ HORTZONT AL APRON,

- The stilling haslns with horizontal apron has been used
and are proposed to be used at some of the projectsin our country,
Most of the dams below which this type of basin have been used
aTe of low and medlum helpht with moderate dlscharge intensities,
For example, these tyé_e of stilling basins have been adopted at
Matagtila D_an (ht,79') , Obka Dam (ht,'H.ﬁ') and Ramg anga chute
spillway (ht,325') having discharge intenslities 435, 696, and
594 cusecs respectively, The dat'a!.ls of these stilling basins
are show in Fig, 5-11, |

In the above paras, the factors affecting the design of
basins and design dstalls of basins with horizontal gpron have been
di scussed, The points of difference betwssn the various authori;
;tles have been broughtout, The Limitations of each type of
basins have been indicated, A few examples of stilling basins
adopted in this country are also given, The stilling basins with
sloplng spron in ali 1t.s aspects will be discussed in the
following chapter,

*s@EEE A0



CEAPTER 6 N

HIDRMIG“JUHP STILLING BASINS WTH SLOPING APRON .

The stilling basins wlth sloping apron like haizdntal apron
also utilise the principle .o_f hydz?aullc Jump as means of aehergy
dissipation, The necessity of adopting sloping spron has been
discussed in chgpter 4 while discussing thé choice of specific type
of energy dissipation arrmg.emen_ts. The sloping aprons are necessary
for the satlsfactory performance of baslms where the_ talluater is in
excess or deficlent for a good range of dlscharges, When the tan.:.
~water depth 1s in excess of jump requi_rema@uts, the sloping gpron is
provided sbove the level of stream bed, In case the tallwater depth
1s less than required for formatlon of jump, sloping apron below
the stream bed level is provided,

The jump on sloping gpron takes many forms depending upon
the slope, arrangements of the gpron, Froude number and discharge
intensity, The extent of loss of energy in jump depends upon the
slope of the spron and kineticlty, According to StevenPanalysis
which has been discussed in Chapter 3, the energy loss in a jump
increases with Kineticlty and decreases as apron glope increases
{Fig. 3;10) « The loss of enemy in hydraulic jump on horizontal
gpron is more than the jump on sloping gpron, The difference in loss
of energy in jumps‘on horizontal apron ahd sloping gpron 1s more
pronounced when the gpron slope is greater than 10% end Kineticity
is lows Insplte of fact that there is slightly less 10ss of enemy
in jump on sloping apron as compared to jump on horozontal,. gpron,
extensive use of sloping aprdn has been made, The jump on sloping
gron is better controlled and its position is not much affected by

- tallwater variations unlike jump on a horizontal azpron. In case of



horizontal gpron, the slight deficiency in tallwater will shift

the jump towards downsirean and even the jump sometimeslmay form
outside the basin resulting in undepireshle scouring of river bed,
This 1s the reason that few stilling basins with horizontsl spron
have been deslgned for large structures. 0n the other hend, the
jump on fully sloping or part sloping and part horizontal gpron,
moves up and dowr the slope according to tallwater vériatioﬁs and
the range of jump movement is linited, Ths ensures better functio
..nlng of stilling basins,

| Tha studles on sloping apron and part sloping part horlzontal
apmn, as stated earliar, were carried dut by Bradley and Peterka *

£

These mvestig ators have produced valuable data which ean be 0 56m

..fu].ly applled to the design of stilling hasins.

BASINS WITH FULLY .SLOPING APROV .,

'Tha'ezperimental studles ,by the gbove authors have clearly
astablished t'hét tailwatér rleqiztremdlt‘ for the formation of jump
and the length of Jump depend upon the slope of gron and Froude
number . Tha charts prepared by the authors showing the plot L_,VS. P

LVarsus F1 gd __h_ versus Fy for di.ﬂ‘erent apTon slo;;es are shom
m F:.g. 3..5 Fié 3..5 and Fig, ..1 re gpectively, The plot between

,Bb and ?1 for different slopes mdicatas that for same valus of F1
Dy
the g’ goes on 1ncreasing with slope. The %g gl 5o increases
as F11'i.ncreases for sama slopes ifklother snall plot in same figure

indicates the relation hetween 2%_ and s].ope. It is seen that

33 goes on increasing as the slo;;e mereases. The plot between L
= ‘
2 Dy

and Fy, L'; y oed Fy show that L Increases with the slope while L_
Dg
decreases, with slope for the sgme value of F,s The values efL_
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anu%. are maximum for medium Trgnge oI Froude numbers wd reduce for
m.gher and lower renge of Froude numbers (Fig.s.s snd 3.6).

The gbove charts donot clearly bringout the extent of
tallwater requiremsnts for the formation of jump on different slopes,
From these charts 11ttle 1dea can be had ghout quantltative requlre-:
;ments of tallwater for differant slopes and Froude numbers, In order
to bringout explicitly the effect of slope and Froude number on the
taﬂ.water requirement for the formation of jump, an analysis on the
basis of these charts, has been attempted and is detalled in the
following steps. , | |
(1)  Firstly a value of Dy as 1 ft, 1s assumed for convenienca.

This value will not affect the results as charts are 1n

dimensionless form, |
(2) A value of F1 is asstﬁid and D '5?' f£rom F:l.g. ..1 is determined,

D4 being known, Dy’ can be determmined, This is done for all

valuss of slopes ranging from 0.00 to 0.25, At zero slops

the value of Dy’ 1s oblously same as Dge
(3) From Fig, 3;5 , for same F, 1s detemined, D' 1s already
' known @d so length of jump L can be determined, The value
of L 1s found ocut for all slopes,

(4) Knowing the value of L, the drop in bed level between start
of Jump and end of jump 1,6, L tw is caloulated for g1
slopes. S

(5) The dépth of water Dz“ 1.0, gbove horizontal plane passing

through the point on sloping gpron where the jump starts

(Fig.6-1) , 1s calculated for &l slopes by subtracting ;i
L tap from Dy's |

(6) Knowing Dé for all slopes for a particular value of Py gng

Dy the ratio D% 15 determined.
D2
The gbove steps are a2ailn repeated for different values

of Froude numbers rznging from 4 to 18 and Do® s determined, The

o) }5”
»
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No, 1 tang Py Dy Dy L Ltang D§ D%y
. ﬁ - - . - - 3%2 " %2' - - . - - - - . - -V- - Da. - -
Te 4 0,05 6,25 6.2 5,20 1,190 480 .00 1,50 4,75 0,905
0.10 750 %7.50 1430 4,10 .75 300" 4,42 (.,842
0.15 8,80 8,80 1,670 3,60 31,50 4,73 4,07 0,775
0 +20 10,50 10450 2,000 3,16 33,10 6,62 3,88 0,73
- 0e8 12,50 12,50 2,480 2,78 34,75 BeT0 380 0,735
2¢ 6 0,00 9,70 9,70 8,00 1,200 5,10 8,50 2o 47 .83 04902
0.10 ‘1080 11,60 1»450 4,33 50, % 5005 6,57 00821
0,16 13,70 13,70 - 1,710 3,80 52,10 781 5,79 0,724
0.20 16,00 16,00 (.74 2,000 $3,33 53,30 10,66 5,33 0,667
0u25 19,25 19,25 20410 2,93 56,40 14,10 5,16 0.643
3, 8 0,06 13,00 13,00 10,8 1,200 5,20 67,60 3eB D.62 0.890
0,10 15,70 15,70 - 1,490 4,40 69,10 6,81 8,79 0,815
0.15 18,50 18,50 1.710 3,86 71,20 10,68 7.82 0.723
0.20 2190 21,70 1,010 3,40 73,80 14,76 6,94 0,642
0,25 2,00 6,00 2,410 3,00 78.10 19,50 6.50 0,602
4 100,05 16,40 16,40 13,67 1.200 5,15 84,50 4,22 12,18 0,892
0,10 19,67 19,67 1,440 4,3 86,00 8,60 11,07 0.811
0D.16 23,20 23,20 1,700 3,83 88,80 13,82 9,88 0,723
0e D 32,50 32,50 2,380 2,06 96,20 24,06 8,45 0,618
5, 1210.05 19,75 19,76 16,50 1,197 65,10 100,70 5,03 14,72 0,892
0,10 23,80 23,80 1,430 4,33 103,00 10,30 13,50 0,810
0,15 38,00 8,0 1,697 3,80 106,50 - 15,97 12,03 0.728
0,20 32,50 32,50 1.070 3,3 108,00 21,80 10,70 0,648
6. 14 0.05 23‘17 m17 19430 &3‘10 5000 115.80 5,79 17.38 0.801
0,10 27,756 27,75 1.4 4,25 118,00 11,80 15,95 0,825
0.16 32,67 32,6% 1,600 3,70 120,10 18,00 14,50 0,750
7. 16 0,056 26,50 26,50 22,20 1,195 4,88 122,50 6,48 2,020,901
010 31,75 31,95 12430 4,15 131,70 13,17 18,58 0,83

Be 18 0,05 2,80 2,80 25,00 1,190 4,73 144,00 7,20 22,60 0,903
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1s 0,08 : 80305 % » ’z?‘g
8 31300 0.806 1.303
]0 0.892 1.200 1,199
2 0.89 2 :0;%0
14 0.9 .
16 039?9 1.405
18 04903 1,180
2 0410 4 0.842 1.4%0
6 0.821 1,450
8 04815 ' 1.453 1.438
16 0.8" 1 0.824 1, 440
18 -
e 0.15 4 0,778 1.‘6‘75
8 0a724 16710 .
8 0,723 05730 1,710
10 0.725% 1700 1,697
14 04780 1680
. 0.‘739" 2&@00
4 % 3 0.667 22000 1,992
8 0,642 0,650 2,010
10 0.6 48 1,980
i2 0.6 48 14870
1’9 0-51}‘8 - B0 2,40
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resalts are shown in Table 6-1. The value of D'» 1s also found out
D
gor different Froude numbers and slopes. 2

From the table it 1s seen that values of Do! md Don gre

Do D
2
nearly constant for different Froude numbers for same slope of apron.

This leads to the obvious conclusion that %g' and %2 are 1ndepend..
~ent of Froude number for a partlecular slope. The Value of these
- dimensionless parmeters are averaged and are shom in table 6..II.
‘While averading some of the values shown in table G.II hawe baen
‘left out as these may be imaccurate becanse they have ,hean obtalned
by extrapol‘éting th‘e.plot betweég g,a ad Fye The sg avef'ge values
of Da" hambeen plotted malnst amg ad show in flg, 6.2, 4
smd? of this plot indicates that g,_ decreases with slope, For

tang equal to 0.25, the value of g& is equeal to 0,62 nearly, which
medl s that the tallwater requirement for the formatlion of jump
gets reduced to 62% of the requirement for ‘che corresponding case
of jump on horizontal apron, The vglus of D _a_ decreasss comparatively
rgpldly upto tng squal to 0.0, This clearfy gives s indication
that by pmviding a 510p1ng egpron with slopes ranging upto 0.20
or 0. 25 the tallvater requirement can be suhstantlally reduced, On
the same fizurega_ 1s also plotted egainst taﬂl end it is seen that
.52_ mgreases wlth slop g |
The abOVe presentation gives g better idea sbout the
ta:lluater requirements for tha formation of Jump for different slopes.
Knowing the avallafbutty of tallwater in a particular case the gron
slope can be deternined wlthout much difficalty from the Fig, 6.2,
The basins with fully SI.Oping aprons have been used below many dam
spillways some of which are listed 1n Tanle 6-7.,

BASINS WLTH PART SI.GPING 4D P_ART HORIZ@ITAL APRUN,
While discussing the basins with ﬂxuy slo;;ing apron 1t has



been established that tallwater raquirement for the fomgtion of
jump goes on reducing as the spron slopes increase, Though the
mazimum reduction in tallwater requirements can bs abtained by
steepening the slope, but the steepening of slope and continuing the
gpron at that slope, leads to_ht_xge amount of rods excavation in
apTon, which may make the stilllng basin very costly, This lead to
the study of tauwate_i' requi.m;nents for part sloping a#d part
horizontel spron. ZThe p’rovisioﬁ’ of ;;art sloping and part horizontal
spron involves less rock excévatien thm a fully slopipg apron,

The effect on tallwater Tequirement for partsloping end
part horizontal spron for different slopes was studled by the same
authors through a serles of extensix:e experiménts. These autbors

established that gz increases Wi th the increase i slope for the
L

sae % ratio (Fig. 5-12) where 1 represents the hort zon tal
length of slo;ing.partlon of gpron, The ratio __g_ mcreases as goz
increases for a particular slope. The charts pg‘g‘pared by tpe
authors shomng ‘the plqt between Jﬁ_ and 22' (Fig._ 3;12) for siOpas
ranging from 6.05 to _0¢30.,pr0v1depzvalu2§1e basis for the design of
sach type of 'stilling basins, | |

As far as the total length of jump is concemed, the authors
are of the opinion that the length of jump, in case of part élo;;hig
and part horizontal apron, is not much different than the éase of
fully sloping apron.  The exact length of jump is not important as
far as design of stilling basins are concerned because these are
seldon destgned to contain the full length of jump. |

From the ghbove mentioned charts of Bradley and Peterks
showing the relatlonshlp between _12; and % for difforent apron
slopes, 1little quantitative idea gin be h:d ghout talluater |
raqui rements for jump formation in comparision wi.th‘ that of fully
sloping sprons, How the talluwater requirement is affected if the

slope is staspened and leugth of sloping spron is increased or .



decreased, 1s not emplicit in the charts, Therefore a study gbout

the variation in tallwater requirements for different slopes end }im
ratios have been attempied on the basls of these charts, #1d presented
in a menner which may be more convinient to the designer, The

astudy involvaes the determination of _133"_' where Do is depth of
tallwater zbove horizontal plene pasgfng through the point on sloping

portion of gpron where the jump starts, for different £ ratios

Ds -
and slopess The study made, 1s described in the following stepsi-
(1) First the value of D¢ 1s assumes as 1 ft, As already Btated

earliar, this will not affect the ratio 23" as the charts
have beeh prepared in dimensionless form-2

(2) A reasonable value of Fy is assumed and Dy is obtalned from
the plot showing the ralation betwaan _}g_ #d F, for

horizontal spron (Fig.ﬁ..i). Dy being ﬂnom, D2 ean be
de terminagd,

(3) The length of jump 1s detemined from the Fig, 3-.5 which
shows the plot between %. and Fqe Knowing Dy the length

of jump is detemined,

(o After knowing the length L, { 15 determined for g particultar

slope for different velues of L 1,04 040,04105042,043,

Os4dy 0aDy 0aBy 048, 140e

(5)‘ The ratio %13 determined as ! and D, and known,

(6) Fron Fig, 3.12, showlng the plot Dy versus L, the values
of %2’ are dq termined for &l se-tszof *%2 ratios,

X2 Knoving .gz" , D' is determined,

(8) The dropv fn bed level in sloping gpron portioxi 1.0 Ltang

is caleulated for various values of { for a particular slope,
(9) The depth Dzn is determined by substracting (tang from Dy’
{10) Dy and Dy belng knowr, the value of _&far all values of %)

2

Dp
ratios are calculated for a particular s10pe.
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e 0,05 13,43 0,980
13,20 0,965

12,98 0,950

12,77 0.9 33

12,55 0,917

12,47 00910

12,759 0,900

12,19 0,890

12:10 0,883

2 0010 13,43 00980
12,89 0.9 42

13,36 00903

12.03 00880

11,78 0,860

11,54 0.8 45

1147 0.838

11037 0.8 20

11,28 00823

Se 0015 13,43 0,980
12,49 00911

11.81 0.B63

14032 0.8

10.83 0,795

10,67 06780

10 .56 G770

10, 45 0,763

10045 0,763

4% 0020 13,43 0,980
. 12,11 0883
11,16 0,815

10047 0,765

10,14 0.7 40
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9 o

ngo 0.723

9 .89 00722

S5 0025 13, 43 0,980
11,83 00865

10,53 0,768

9,65 0,706
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9,20 0,673
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9,20 0673

9620 00673
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Same procedure i.e, repetition of steps (1) to (10) is
followed for detemining the value of D" for dlfferent slopes
verylng from 0.05 to 0,25, The table g..III shows the_computations
of Do for Froude num’he.r equel to 10 w;th slopes having tané aqual
to OD?Ofa, 0e10; 0415, 0420, 0426 + Mmother similar toble is
prépared for Froude number equel fo 6, having the same range of

slopes, and _gz‘_‘ is determined, The results are shown in tabls 6.1V,
A comparision of ~tahle-No.."6.IIX and Table 6 I'v ahé'ws ‘that
‘ 2_3 for a particular value of L is endepandaxt ¢ Froude number

Dg
and 1s dependent only on slbpa. The values of D* z_goes on decreasing
as Q ineregses for each particu;.ar SIOpa. A cﬁart showing tha

91

' rel ation betwaen Q and _ﬂ_ for different slo;)es is prepared (Fig,6 -3)

Tho plot betuen L mdzg_a_ tndlcates that D", decregses as 4
D, Bg """2 D,
increases 2 less r_apidly for flat slopes thanzfor steep lepes.

For steep slopes DB decreases very rgpidly as A increases to
' Dy

3.4 and 1t is practicslly constant for higher values of - /%:. IMs
indicates that talluwater requirement goes on reducing rgppidly for
stegper slopes as length of sloping zpron incresses to nearly 40..60%
of jump length, My further increase in length of- sl:Dping gTON
canses little Teduction in tallwater requiiement uhiie quantity
of rock excavatlon increases. This conclusion is very important
_for the design of stilling basins with part slo;;ing ad part hori-
=-zontal ap-ron. Aother fact which is aeen from the v-alae.ﬁgare is
that the value of D __2 goes on decreasing as the slope increases
for the same value o? Q In other words an gpron consisting of
part steeper slope ad part horizontal, will require less tailwater
depth then part flatter slo;;iug gpron of same length and part
hor:.zcntal q;ron. _ ‘

In order to study the quan titative reduction in tellwater

requirement more elea,rly with reference to different apl‘On slopes
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having horizontal gpron at the same level for gll slopes, a new set
of lines representing same horizéntal level helow the level of
foot of start of jump in tems of sequent depth Dp V‘\are drawa on

+ "
the plot showing the relation laetwcsueia~ %ﬁ/sﬂd %_3 . These 1ines

2
are marked on the sane figure (Fig, 6.3) as 0.1Dp, 0.203, 0.3Dp

ahd so on, These lines <¢learly show the éuautitafiyie" reduction in
tallwater requirement as the slope of gpron 1ncreaséé keeping the
hcrizéntal part of gpron at a particular level, ‘Ihe 1nference which
cah be drawn from this study 4s that by ado;;ting a s%aeper slope and
reaching a level of horizontal gpron will require léss tallwater
dep thy, than proviéing a flatter part sloping apron and part
hortzontal apron at-the same level, In other wordsf f;

tallwater, a part stesper slopling gpron will requii*e.. j;?art horizontal

gpron at a higher level than part flatter sloping a;?;'{;)n with part
horizontal zpron, Thus for the same tallwater, th&m\cen be mayy
ocombinatitng of dlfferent part sloping part horizdx;;t‘al\ q:rons at
dlfferent levels. Therefors it eannot be stgted mn cartainty as

to which combination will mvolve the least rodk e.’ayaavati.\;m. A few
trials with the help of fig, 63,1l have to be mgﬂe roriaetemnmg
the most economical .combination of part sloping anei part ﬂ.zontal
gpron for a partieular tailwater depth, Thus the, tﬂgure G-S\pmvides
a very useful guide for detemin atlon of most economp. cal ccm\ﬁi\(na‘b.
-10:: of part sloping and part hori zontal apron ror a§part1m}.ar \ \
hydraulic condition, 1 | e

OPTINUM UTILITY OF PART SLOPING AWD PART HORIZANTAL , ,

1t has already been discussed in chgp ter 4 ,tha§ the use of
hydraulic jump stiliing basin with part sloping and. gak-‘t\horizontal
gTon can be considered for the folloldpe hydmlic Qonditlonss-
(1) The tallwater rati.ng curve lies below aump tieight ra 4

caurve for lov rsnge of discharges md glové for high ‘Tange



of di schargas,

(2 The tallwater rating curve lies above the jump helght
rating curve for low ragnge of discharges gnd below for high
range of dlschargas,

In the first case the horizontal part of gpron can be s0
adjusted that the starting point of jump for small dlscharzes is
at the begining of horizontal gpron. For large discharges the
starting point of jump will move up along the sloping part of the
sgpron and it wlll be at its upper most point at maximum discharge
(Fig, 6-4a). In the second case the position wlll be reverse of
the first case i,e, at the maxlmum dischame, the jump will start
from the foot of sloping gpron and for smaller discharges jump
wll start on sl.bping part of gpron (Fig, 6;4!%).‘

From the above, it Ls seen that in the first case the full
leng th of sloping azid horlzontal gprons are utilised at maximum
discharge condition and the lesser discharges are accomodated
within this length of stilling basln, In the second case the jump
at maximum discharge 1lles entirel'y' on horlzontel portion of gpron
vrequi'rlng longer horizontal apron, It is thus clear. that for the
first case the basin with pért sloping and part horizontal gpron
will be most sultable ad economical,. Ihis ty;;e of basin cen be
utilised for the sacond' case also but may not be economicaz. as

compared to othsr type of energy dissipation arrmgements,

BASIN LENGTH, |
1t has slready besh stated earliar that 1t is not

aconomical to provide stllling basin length to contain the full
1ength of julp, In such casas the river bed dowmstregn of paved
gpron also0 acts as part of stilling basln, The langth of stilling
pasin is dependent on the river bed material, When the bed strata
ecmsi.sts of good rock thers is no difﬂculty gnd the length of
paved_apron can be considersbly reduced. If the bed strata is of



poo¥ quality, a longer length of paved gpron becomes necessary. A
study of existing stilling basin (table No.S.:V) indicate that the
paved spron length varies from 40 to 80% of the jump length, The
aversge langth of basln q;peaf to be 60% of jump length, According
to U.S.B.R.) the paved gpron length as 60% off jump length is
sufficient for most of the cases unless the domstream bed strata is
very poors The shorter basin ean be used where sound rock m'
bed existé. o
STILLING B ASIN APPURT:N AVCES,
~In stilling basins with fully sloping apron .or part sloping

pai;t horizontal apron; generally no gppurtenances are provided
except an end sill, In some cases the cmte blocks alse have been
‘provided, The baffle piers are never provi.dad as high velocities -and
discharg€e intensities are generally involved in such type of basing,
The table No.s-v shouws that veloclties in most of cases are more
than 5@ ft/sec, :The chute blocks have been pmvlded m case of
Keshwick and Dickinsion Dans where the velocities a;jg,eomparatively
not s high, In basins wth high veloclties the chute blocks aTe
not favoured, | N o | |

The use of @purtenance in the basi.n is not favoured al ©
because the jump position is pnot fixed and it moves;’.‘_}p and down
‘aceording to talluater availabni.ty. The .appurten'ahéés if used 1in
the basins can be only effective for ga particnlar pOsltlon of jump
L., for aparticular discharge and for other di sel}:a:;g_aes thess will
not be effective at all, ) \

The end sills provided are either tnmglu:(%:, rectangluar
" and for Yow discharges even dentated, According to?U. S«B.Re practiee1

. small solid trimgular sill is only required , n‘ssrves to 117t

A\
the flow as it leaves ths gpron snd thus acts to cont‘ml the scour,
The most effective helght 1s between 040505 and 0, 10?2 aud a sI.Ope

_of 311 to 2:1 on the upstrean face of the end sill, i;\s qui te
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girrioiant,

U.8.B.Rs PRACTICE FOR THi DASIGN OF B ASINS WITH SLOPING 4PRON,

The EosqaoRo" practi.ea for the design of hasin Wi th lepi-ﬂE

gpron is described briefly as balow fw

(1)

(11)

(114)

(iv)

(v)

(vi)

(vil)

The gpron arrangement should be detemined which will give
the g_reate.st‘economy for maximum discharge condition,

The gpron position should be fixed by trial in such a way
50 that the front of jump will form at the upstrean end of
slope for maximum di scharge and tallwater conditions,

The length of jump can ba obtalned from plot shomnz the
relation F, ad &.,,. ‘Ihe length of bas.d.n for a averme bed
strata may be kept as 608 of jump length,

Aftor designing the spron for maximum discharge condition,
it should be agscertained that the tallwater depth and length
of basin agvailable for énergy dissipation gre enough for
1,4 0d # of naxtuun dlscharge, If tellwater depth 1s
siiffici,ant or in excess of jump helght for intemedt ate
dischages the design 1s acceptable, 1f the tallwater 1s
dffictent, then spron slope and position may be redesigned,
Only a small solid triangular end slll is sufficient

atd dimensions ars glready Ast‘atetd ghova,

The stilling basin should be operated wnder symetrical '
flow as far a;s possible, The deslgn of spillway should |
be such to help to attaln this aim,

Where dischamge intensities are greater thgh 500 eofts

vhere ssymetry of flow is involved, and where Frouds number

is high, the model studies should be conducted for
fingldsing the design of the basin,



In the sbove, 1t 15 seen that for the step (1) and step
(iv) alot of trigl work would have been necessary for ﬁﬁali sation
of gpron slope ad pasit!.on. These two staps can be decided with
the help of Fig, 5«2 and PFig, 6.3 wlthout much trial wrk. The most
ecopomical arrgigement of gpron can be detormined with the ald of
| these two figares. | ‘
| In this chapter an attempt has been made to present the
exi.sting data on the design of fully slopins N and part slopmg
part horizontal gpron is such a form which will be extremely useful
for the design of such basing as this i1l involve less trial work
for the designer while selaétlng a parti.cular aprbn slope or

combination of pm sloping and part horizontal spron for a glven
tallwater condition,

*2@EL A0
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ROLLER BUGKAT 'TYPS™ SNERGY DI SEIP ATORS,

Wl 99 A L W 200 G0 D M A A SN S s G S0 e S S

The roller buckets are used for energy dissipation
whers the tallwater depth s more than required for the fommation
of jump, The bucket deflacts the high velocity flow away from the
stream bed, The deflection of flow upwards by bucket lip causes
the fomation of a surface roller or high boil on' the water surface
on the bucket and a ground roller dowstream of the bucket, The
garface roller is effective in disslpating energy while the ground
roller causes a reverse flow towards upstream dirsction along the
channel bed, This gction tends to depostt the material agalnst the
bucket 1lip,

TYPES OF ROLLER BUCKEIS.

There are two types of roller buckets,
1. dolid roller buckets.
2¢ Slotted roller buckets, |

The solid roller bucket consists of a bucket like apron
with concave elrcular profile of considerable redius a4 a lip
(Fig, 7-1), The development of ground roller canges the river bed
material to be sucked inside the bucket (Fig, 7-2). The material
80 brought inslde the bucket caises abrasion of bucket surface,
This tendency of bringing the material inside the bucket can be
checdted to some edtent by suitasbly fixing the invert level of
bucket, This type of roller bucket has been used helow many
spill way s.

The dlotted bucket type of enermgy dissipators were evolved
as sn improvement over solid bucket type. It is already stated



A. GRAND COULEE TYPE SOLID BUCKET
FIG- 7-1

GROUND ROLLER.

A SOLID TYPE BUCKET

FIG.- 7-2

|
- r- LESS THAN Tg R

hls< \ TAIL WATER,

h




above that there is tendency of river bed material being sucted
inside the solid roller bucket due to action of ground roller,

The unsymetncai-gate operation slso canses eddies to bring in
‘material inside the bucket, The provision of slots in bucket
ensures seffeleaning action and the mgterial inside the bucket ig
sweeped out through slots, Part of flow through the slots spreads
laterally and is Bifted away from the channel bottom by the gron
beyond the slots, causing the flow to be dlspersed snd dlstributed
over a greater area and providing less concentration than oceurs
in a so0lld bucket, In order to malntain the effectivengss of
bucket action in dissipating energy, the slots are made just enough
to prevent deposition of material at the bucket 1ip, N

SOLID BOLLEB BUCKETS,

The solid mller buckets were developed by U.8.B.R, in

1953 for use in Grand Coulee Dam, Later, the experimental studles

were also earrled out by Mcpherson and Karras'

gnd these authors
Have evolved a method for designing the solid roller buckets.
Generally spesking the factors which effect the bucket design .ai'ez.:
(1) Bucket shape, - B
(1) Flow vcond&.ti.ons.
~ The shape of bucket mcludes the radlus of bud&at, depth
m';' hudiet, 1ip position and slope, The flow conditions include
tallwater elevations and shape of the water sarface profile
dowmstregn from bucket, |
© The budket reflus is selected by trial with constderation
given to the ability of exit ares to withstend high velocities in
exlt channel, 4 combination of minimum allowable bucket radius
and minimum ’tailwatér depth exists which gives satisfactory
performan ce, Below these limits the perfommence w1l not be



satl sfactory, The buckets having }al"ger radius than the minimum
sllowable will only slightly improve the bucket perfomance but
the bucket will become costly, o
Accordmg to l‘lle*mau;orsisl.m the minimum allowable bueket
radius can be expressad as a fuctien of followlng vanahles.
 Taln wf(Tp Dy BEY)  meemeememeemeeien( )
where V4 = Velocity at entrance to bucket,

- Dy = Dgpth at entrance to bucket,
8 = Slope of spillway face,
g . Acceleration dus to gravity,

» 88

Y w Vortical distaice hetwaen bucket 1ip and channel bed,
By dimensional analysis the equation (1) can be expressed
in d!.men sionless form

B e rcxd g T

| Elavatorsd further strasses that studies conducted at

U«.S.B.R. indicate that both § end Y do not within ordinary limits
affeet the hud:et size but the frictional resistance on the
spi.llway faaa arfects the minimum allowabla bucket radius as 'a

rasult of veloes.ty reduction.
Ellminating % £rom equation (2)

-

1 g ' .
where A=Yy
8Dy

He also strasses that the investigations by Okada and
Ishibashi in connection with Sgkuma Dem, also substantiate the
functional relationship given by 'eciu‘ation (3) and the discharge
intenslty over the spillway also mﬂuences the bucket slze,

~ The inference draw by Elavatorsed from U,8.B.R. studles
that 8 and ¥ 4o not affect the ‘bucket size within ordlnary tailqater



1inits, has been duestioned_by Mopherson and_Karrz’as the U.8.B.R,
experiments were conducted with only one approach slopes

The slope of bucket lip end height of bucket lip are
fmportant in deflecting the flow upwards snd maintalning s sizable
ground roller below the bucket, The smaller the roller, the less
affoctive Lt will be in deflecting the jet away from chaninel bed,
According to Elavatorsc® 1t has been established by models that
1ip slope of 45° gives best perfommence, In case the lip slope is
* stesper than 45°, the impact of flow on 1ip wall disrupts the
roller action, Whem Lt is flatter then 45° high velocity flow
becomes sibmerged dowrst®eam from the lip, He further recommends
that the bucket 1ip should be kept equal to 1/@thof the meximum
tallvater depth, and the channel bed elevation should be kept
slightly below the bucket 1ip elevation to avold bed material being
drawn into bucket, Mcpherson and Karr?® hgve recommended that the
channel bed elevation in general be set at invert level of budket
to avold bed material being Zhrown in the bucket,
failuater Limits, |

S S e A A S e PO U0 e N O

The performaice of bucket 1s very much dependent of tailwater
conditions, The tallwater requirements for a good bucket perf'c:‘rmwce
are higher thean required for the hydraulic jump type basin, When
the tellwater is insufficlent the high velocity flow entering
the bucket will bregt through the supemateant water blanket leaving
the bucket in the fom of jet which i3 known as ' Sweepout
condition', The depth of tailwater at this stage is know as
sweepout depih. A lot of scouring tokes place’ where this jet
strikes the river bed, In order to avoid this undesirable action,
the tallwater should be more than sweepout depth, The tallwater so
fixed 13 know as minimum tallwater depth,

2%
dccording to Elavatorstd™ 4o menimum tailuater depth can



be expressed as

T e e W sk s e ow om aom ok w o= o s

D L T TR N N R —

Thi s ¢ap be expressed in dimensionless parameters after

carrying out the dimensional analysls,
Tmin - . 0.

by E“B'i AR 2N o |
=1 (L, %- ’ g-) o .i;;.f..;f';"} wemmmmmenl5)

a8 explained earliar rar ord!.nary :.s.mus S/¥ may be
negleeted, thm . I |

.ggnn £ ( A g; ~ SR NN 75

i
. 4

Thas equation (6) expresses the relation: hé%waen minimom

0 o

tallvater depth and minimum gllowable radius in a: dlman sionless
form, Zhe relation botween these parameters can he astahlished by
model tests, The desired minimum tallwater depth sbmetimes is
provided by construeting a low dam just dowa stres’ qf main dam, ¥
This arraigement has been provided in the case of Saguma Dam in

J gpen, Where low secondry dan downstrean of main dam Q,s to be
constructed the necessary energy dbssipation arrmgemeﬂ below 4t
will have to be px'ovided. Further U.' vill have to, be eﬁramnad

to what extent the creation of pemanent pool domatre' '
structure affects the stability of the structure, 'Agcé r 3\ to
| Elavatordd? the ml.n!.mum tallwater depth should not]be l%s‘x than

110% of the depth required for hydraulie jump, ,.\, R A\

men the tallwater depth 1s much in exﬁessj *hg €o| A\'tlons

for diving flow may be created, Accordmg to Elavﬁpow =a6\1: e model
and prototype tests indicate that condition of di\iing flow \1\9
impossitle except perhgps in rare cases, \

A study of bucket performaice i th dufgmt entrme
slcpas (1:1 and 132), varying dischamges, entranbe hgad, tauv)‘ater

!f %o- i

«'f /! J\“ﬁ t \ N



depth and bucket radius was made by Mcpherson and Karr®, sccording
to these authors, the energy disslpation downstregm from the bucket
resul ting primarily from the expansion of 1ive stream in the surge,
cen be regarded as a suxge phenomenon for most of the part, The
high velocity reglon downstrean from bucket tends to concentrate
near the sarface,

" According to gbove guthors, the surge helght domstraan‘
hs 15 a fanctlon of tallwater depth Hy , and the depth sbove bucket

invert hb for g given 1ip sgle (Fig, '7;:5). If by 1s very large,
the surge will get drowned as will hb, If Hy is small, surge will
form a free trgjectory and sweepout will tske places hb end hs cen
be expressed as functions of following varlables considering
boundary frict!.on and surface tenslon are negl.ig!.ble.

----------------------

.hh 3»Q1 ‘QQ h‘h h2! R, g) o (7)
hs = 92 ‘q' h" » hz, B; 8) ‘ -~-----------—----~--(8)

~ where 4 = discharge intensity

h1 s holght of maximum head water lavel shove the lnvart
, of bucket,

hy, = tallwater depth
R 2 radius of htucket
g '.: accaleration due to grgvity,.

. By dimensional analyslis hb and he can be expressed as

EX}

.........

ol e T B )
b = b (e 2 B e )

It 15 seen that s specific service conditions are mddpenm
-ant of B. theretora

......
~~~~~~~~~~~~~~~~~~~~~~~
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h
The model tests ware oo;‘xducfed on 181 and 1313 entrance
slopes and 1t was found by authors that as hb is progressively
reduced, the bucket behaves more and more as flip bucket, The-
value of hb for upper Limit for a free jet has beet found as 0.2
when tallwlte‘r is falling end 0.3 when tailveter 15 rising, The
erfect of antrance slope to the bwket wlth reference to paramter

-

7{'};373 and %1 was als:v studi.ed by the authors end the results

are shown in Fig, 7-4 :tcr ah gpproach slo;;e on 1 on 1, The authors
‘have slso come to the conclusion though with limited investigation
of entraice slopes that the curves of Fig, 7.:4 sl so should provide
a reasonable antlcipation 6;’ performance for gpproach slopes 1 on

2 to 1 on 0,7 piuvided t_n-.,‘(ﬁnls‘_not too large, With an gyproach.
slope on 1 on 1 the bucket roller bocome crowded at By values higher
than those recommended ( shown in Fig, ‘7\;4)' and the s&rge becomes
unsteady and pulsates, With smaller slope such as 1 on 2, the
relatipely longer bucket roller is drowed at higher values of

rﬂ the budxét roller d éume merge into a single Jump apbarantly
mdifferent to the presence of budwt. In both cases the hucket is
too small, relative to depth of entering iive stream to govem or
control the action of suige, . |

&nergy Disslpat&on Charactert st#as,

—“%*‘“ﬁ..“&--

The value of g m?’“l m tems of Froude number Fy 1s
s : _ ‘ -

' t

r., .k _ &
AT R e
Dy

i X4

‘ash1

Dy +3.‘§- - measuring hy from the sgme datum for both bucket

+
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invert snd hydraulic jump in horizontal channel., Thus a given
falue of _an is eqx;lvgi-ent -to a Speéiric frdué orl Fio Thi g
relation 1; shown in Fig, 754 For a staiding hydraulic jump in
rectangluar horizohtal eha:;nel |
-53 i(/"aﬁ -1) ',nz

~ The lmes showlng a qaeciﬁc value of hb in terms of hy
are plotted uith the help of Fig, 7.4 arter eonverting the value or
in temms of 1“1 md__g into _93 (by mﬁplymg ‘B&ﬂm m e The

3"']

Maﬁ-m bet%ﬁn F1 and ...2 shows that for hb equel to 0.2!22
Dy
the hncket dissipator is 1n close mmpeti.tion wlth a jump in

horizontal spron when the tallwater is fallilng, When the tallwater
is rising this competition is not so maxked, For hb equel to

0.4hp and Py as much as 16, the taﬁ.lwater re@lrenents are fairly
closa to those for hydraulic jump, Therefore the anthors recommend
that kb eque]. to 0.4!12 should be considered to avoid free jet
condition and to elsure roller action and efficient. energy dissipats.on
The authors also indicate that these are only tantative eenelusions.
Sarge Heights- °

Mcpherson and Karr also conducted expeﬁnién'ts to study the
surge helght for entrance slopes 1 on 1 and 1 on 2,’ 'fhev results
are prasanted in the shape of earves show in Flg, v.y ad 7.7
respectively, For aiy particular value of hb , hs ¢ bqa be detammed
from these curves, The experimental study mdiaated izhat ent‘rance
slope influences the pegs height of surge hs, The 51; e trajactory
is flattened with the decrease in gpproach slope and '

p}co versa
without materially affecting the other variable& The upger limit-
of i'rae jet was found to be equel to 0.15 hs,

13.1‘9.99.62.1:9.25.2.3&&.

The design pmcedure 1s summarised in the fallka

ZEI
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1, First the invert level of bucket is fixed arbitrarily ed so
- the gross head hy and the hud:et lnvert is knom. | |
2 'l'he value of q being knom, _ . can ba detem&nea for |

various values of Iy nd g /8hy

3 From the tallwater rating curve, the tailwater 1.9, h, 1'01'
reSpective discharges can be knowa, The value of ho can be

ha
determin ed. L

4, Now zmm I»‘ig. '7..4, the value af 53 for hh eque). to O.4hy can be
obtalned which Ls the safe limit &ondinon.

B, 1f the va‘lue of hp caldulated from step 3 15 more than the value
. B
of _Ez computed in step 4, the deslgn is safe. In case. it is

less, then the design will need modification, \

6, The modification can be done by lowering the level of bncket
invert and repeating the process agaln 11l the ahove.\crltaria
15 sktlsfled, | o \

7+ 7The maximum value of hs can be obtained from Fig.'?-:ﬁ anci?.’r
as the case may be for maximum vglue of _g_m '.and hd 'ec;q;a:l to
0415 hs, /8 \

8e The value of R 1,0, radius of bucket can be obtatned from the

P

value Rj for maximum Value Of  flewyn (Fig, Ted)e Y
A N

SLOTTED ROLLER BUCKETS. S | ii

\
The slotted rollar hud&ets were devewped at U.8.B, R-‘ i

after extensi.ve oxperlmenta; studles, The dlotted roller !mckat has

glots which ensure self clesting action in the bucket, The matana:l.
sucked inside the bucket is sweeped out through siots, The soli,d

portion between two successive slots is known as "tooth",



...............

Bhapd _of Teath,

A g 206 Bt B

The vari.ous shapes of teeth as shom in Fig, 7;8 vere
tasted by U.s.B.Rz The type design I was found satisfactory in
dissipating enezgy as well in elimination of piled material along
the bucket lip. The tests indicated the formation of small eddles
by jets leaving the slots agnd 11fting the bed material fto provide
ebrasive action on the dowastream face of testh, A sloping apron
downstream of teeth, therefore, was installed to help in spreading
the Jets issulng through slots and also to keep loose materidl
away from teeth, The slope of gpron is kept upwards and slightly
steeper than the slope of slots for better contact with jets and
spreading the jet laterally, |

The type desigh II has a profile which confims to the z
radius of bucket thus eliminating the discontinuity in the flow
passing over the teeth, The pressure measurements have shown
' the mecessity of rounding the teeth,

The tests on type design III indicated improved pressure

conditions on the dowistrean faves of teeth end on sides when the

U.-i&.ﬁ,ﬁ.‘ .

uuuuuu

The model tests by Cl'.".i:‘a.fs‘.!%t»1 indicate that spron with 16°
upward ‘dlope was found satisfacfory. WiLth lesser slopes the flow
was unstable, intemittently diving from the end of spron to scour
the river bed, When the tests were made with higher slopes it
was seen that flow was counteracted to some extent by the

dirgctional effects of steep apron . A gpron length of 0.5R
(R = bucket radlus) was found necessary to accompllish latel)fal

spreading of jet and produce unifomm flow leaving the apron (fig.!a.g)
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Bucket‘ 31.59 md Taﬂwater Limits,

0 0 —.._‘-ﬂu--‘-ﬂt.“nﬁﬂ

The model tests were carried out at U.8.B.R.] with entry

e10pe of 0.7 ad bed of channel set at 0,06 R below apron lip
(F18.7-10) + 'The tests hgve shown that with lowering of tai,lwatar ’
a stage 1s reached when the flow sweeps out of bucket in the fomm
of jet resulting in conslderable scour where it strikes the bed,
A'more'uﬁdeéirable ﬂow'pattem oceurs just before sweeping out,

m unstaﬁle condition developes in the bucket causing excessive
erosion and water surface rouginess, Therefore it is not desirgble
to dasign a bucket for hoth submerged and flip action because of
this transition region, ‘

'The upper tallwater 1limlt 1s fixed from giving flow con;
l'.-.'di"clion's.  The tests have shown ‘tbat“ as tallwvater 1s relsed, a stage
comes when flow dives from the gpron lip, The diving of flow causes
deep scour in the chaunel near the bucket, The depth at which
diving occurs is affected by shape and slevation of cheunel bed -~
with respect to apron lip., In order to prevent diving flow
~ condition from occuring at much lower tallwater elevation, the
" channel bed should be set below the apron 1ip, The provision of
sloping bed reduces the operating range between maximum end
minimum tellwater dep ’ch limits by lowerlng the upper #siliuater
tad1 limit, L V |

Aecordlng to El.avatorskig the tests oonducted at U.8.B.R,
hage indicated that tanwater Toquirement of slotted roller buck ef
at whieh sweepont tadzes place, is slightly higher than that of
golld roller bucket, The dlving takes place when the tallwater
depth 1s excessive in case of slotted roller bucket, ihile in

case of solid roller bucket the chaices of flow diving‘ are rara,
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Relat!.on Bgtwaan Various Bucket Hlements

T G S A ey e S e R U S e

The relationship between various budket elemén ts was
established by Uo8qB.Ro_1 after extensive studies, For a given
helght of structure having a particular overfall shape end
gpiuway roughness swegpout depth Ts and minimum tailwatery
linit Imin, are functitns of the radiusg of bucket R snd head
on crgst H .(Fig.'?;1 1+ The helght of structure may be expressed
as the height of fall 'h' from spillway crest to tallwater
alavation, The overfsll shape and 'H' determine the discharge
intensity g of spillway, It has heén assumed that spillvays
mufface roughness and splllway slope hasenegligible effect
on flow and therefore the same are hot considered in the
anglysis, The experimental tests indlcated that the elevation
or shape of moveable bed did not affect the minimum tailwater &
limits, |

| Thus the Tmin can be expressed as a functlon of hiR,
ad q : f- L | -
Tatn = £(hRg WS —— T
 The masimum tailwater depth limit 1s also a functlon
of 'h,,‘R,;q but as the slope and elevation of moveabls bed with
respect to gpron does affect the tallwater at which diving tates
place, the channel bed 5.s al so a vari able,

O A

Tas , Tmax = £(h,R,q, and channel bed) emmmmasmam(14)

The maximum cgpaclity of bucket 1s slightly greater
for intermediste tallwater depth thean for the extremes.
However ths bucket 1s expected to o;;eraté over a range of
tallwater depths, The minimum bucket radius, thersfore, is
function of dischamge intensity and height of fall,

P T I S

Rmin = o(hyq emmmmmmammnnnmen( 16)
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The Froude number is a function of Vy and Dy, and

since V4 and D4y are functlons of hy qy the same cah be replaced
by Froude number F,.

Tmin and Tsu f(R,F1) s wemmemme( 16)
Tlnax ﬂ f(B’ 31, Channel bad) - w——— -—j--:n:n:£17)
Ftn = %Py R

In order to express Tmin, Tmax, and Bms.n in dimenslon..
less formm so that these may be used to predict prototype flow
condition, Imin, Imax, are dlvided by Dy and Rmin 1s divided
by (D4 +ﬁ-)1.a, the depth of flow plus the velocity head at
tauwate?alevatlon on spillway face, The plot betwoen Rain
and Froude number F4y 1s shown in Fig, ?;32. The minimum
bucket radius for a given Froude number can be determined with
the help of above plot,

For detemmining the taillwater depth 1imit for s given

Froude number,the dimensionless ratios of tallwater depth

limits %ﬁﬂ.aﬂd ,.g%@é were plotted mgainst Fy for a computed
bucket radius ratio, Then the curves were drawt through both
minimun end meximum talluater depth limits having the same
bucket radius fatio values, By cross plotting the data of
thegse curves, separate curves between MQ_and Fy are obtalned
as show in Fig, 7.18. Sinilarly the pidt obtalned badween
.gm.a end Fy is shown in Fig, 7214 for sloping bed end level

bed of the channel., Similar curves are drawn for Is versus Fy
from the agvallable experimentsl data (Fig. 7-15)o

A plot between Bgm (X . helght of crest above bucket
invert) and Fy for different values of .@_ (vhere A is surge
height gbove invert and T 1s tgilwater depth) is shown in

Me. 7;%, This can be used for determining the spproximate
water surface profile within agnd dowmstream of bucket,
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SOMM ARY OF SLOTTED BUGKET DESIGN PROCEDURE,

L3

The U.8.B.R.! method for the design of slotted roller
bucket based on ebove dlscussion ch.be summarised in the folléwing
o | , S
(1) First g Vh D1, -are detemlned enf qude number 1s computed
for maxinum ghd internediate flows (Fte, ?-.1'7). | |

(2) With the help of Fig, '?.,-12 the minimum bﬁckat radius ratio
for a particul ar Froude nuuibe,_r, is computed, The minimum
bucket radius R cen be eomput.ed as ?17 and 1)1 are already"
known, The, radius of budtet may be rounded off on the higher
slde. and the valuse of bueket rédius ratio is recaleulated
for determining j'ﬁ.ax and T.Bj,n |

(3) From Flg. ?.15 and '7-14, the value of .mm and J‘ﬁ‘“" are
determined for the revised bucket radlus1rat10. Tmin and
Tmax cen be csloulated as Dy is known, |
(4) The bucket Invert elevation is fixed keeping in mind that tail-;
water elevations lie betiween Tmax and Tmin, The gpron 1ip
and bucket invert should be flxzed gbove the river bed as far
as possible. For best tucket perfomance bucket should be so
set that tallwater depth is near Tmin. |
(5) The bucket design should be completed by providing recommended
tooth slze, spacing ete, R
(6) The probsble maxlmum water surface in bucket and downstresm
cat be astimated with the help of Fig, '7-16. This 18 necessary
for fixing the helght of training wells, |
According to ‘U.S.“B«RJ the buckets of any size snd dlscharge
can be designed with the gove procsdure and the structure
designed are likely to glve good perfomance and moderate factor of
safety. Howavter i1t recommends that model studies should be carried
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out whenever,

(1) Sustalned operation near the 1imiting condition is expected.
(11) Discharge intensiiy exceeds 80O to 600 cusacs,

(111) Velocities entering the bucket are greater than 75 ft/sec,
(iv) Eddles gppear to be possible at the end of spillway,

(v) Waves in the downstream channel would be a problem,

BXAMPLES OF ROLLER BUCKEIS.

The solid t)%pe roller budktets have been used at meny places,
the detalls of which are given in teble 7-1, It is seen that this
type of bucket have been adopted for discharge intensitles upto
more than 1300 cusecs, .

‘The slotted type rolle;r bucket have beeht used in U.8. A
- at Mmgostura 35@_1_, Irenton Dam and Missiourl Diversion Dam ete,

In our country the slotted type of rr;iler bucket has been adopted
at Kota DPam in Rgjasthan, The bucket gt Kota Dam 1g designed
for a dischame intensity of 1600 cusecs while total discharging
capacity 1s 7.5 lacs cusecs,

ECONOMIC ASPSCT OF ROLLER BUCKETXS.

The use of roller buckets results in large saving in
construction costs, In case of Grand Coulee Dam a hydraulic jump
type basln was first proposeds This required a parsbolic gpron of
hUSG-thidmass o Jhe ﬁ.g._'?;'ta shows the concrete quantity
required for hydraulic jump type basin #nd roller bucket basin
of Grand Coulee dam which gives an idea how economical 4t is to
provide a roller bucket, Similarly in case of Mgostura Dan,
the slotted type of roller bucket proved wvery economical as

compared to sloping apron, According to Blavatorski® the saving
in cost of bhasin amountag Htg (o_n?aany 5,00,000 dollars, In our

BRRAL LUsrAKY UNreKOI] ) vr kwtEtda

HOORKES,
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country the slotted type roller bucket have been adc:)pted at Kota
Dam (Fig.7-19) as it was found cheger m eomparision to hydraulie
jump basin, | |

Though the initial cost of Toller budket s less then
hydrailic jump stilling basins, the malntensuce cost 1s heavy
‘which mgy sometimes affset the initial saving in construction
eostj; During the runctionmg of bucket of large amount of debris
aid river bed material is sucked lnside the bucket, particularly
in case of s0l1d roller buckets. This material causes shrasion
"~ ghd eroslon msidg the bucket, For instance in case of Grand
Coules Dam a volume of erosion aquel to aversge depth of 2"
thoughout the bucket length was observed. Such type of eroston
croates difficult end costly malntenance problems, |

In the above paragrgphs en attempt has been made to
discass the hydraulic design of roller buckets, The factors
affecting the design of solid ald slotted type roller buckets have
been dealt in detall, The design procedure for both typs of
buckets hav'e beel sumarised, Some examples of the roller buckets
adopted in this country and abfoad, have been given, The economic
| asyect of thase types of buckats with reference to hydraulic
jump type basins has slso been dfscussed,
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Taysc:mx OR &KIJUMPp BUGKET TYPE ENERGY mssﬁﬂoﬁs.
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The trajectory or skijump bucket is used for ensmy
disdpation where the tallwater 1s 1nade§uate for the formmgation of
hydraulic jump and the foundgtion strata consists of fairly good
rodc, 1t is called a skijump buckel when the tallwater is always
balow the 11p of bucket, In case of t‘raj‘ecfory bucket the tallwater
may be dove the lip of budcket at least for certain range of
ﬂischarges. In case of the skijump bucket the jet is always thmm
in the alr without any obstruetion due to tallwater, while in
$raj ectory bucket the vater jet is thrown up pushing the tai.}.watar.

There is hardy sny energy disspation inside the budket
itself, The bucket, however, deflects the high velocity flow at
the toe of spllluay into a high trajectory jet in the alr which
finglly hits the tallwater snd river bed for downstream, The enemy
dissipation, therefore, tates place due to internsl turbulence in |
the jet, frictional resistance of surrounding alr, surface tension,
diffusion in ‘_Bailwgter and finally lmpact sgalnst river bed, Before
dlffusioh in tallwater, the jet may partially disinteg raite. resul ting
1n water drops of various si#es and thus reducing the impact, In the
initlal stages there isg a‘ppreciahle scour in the zone of impact
resulting in fommation of deep pool whi ch later acts as cushion for
falling water to chum and absorb enemgy, Slnce this type of ensIgy
dlsslpauon arrangament is restricted to structures whers stream
bed 15 composed of falrly sound rock, the scour taking place |
safflclently awey from structure does not progress towards ups.tream‘
and thus the safety 61‘ structure i s not likely to be endapgered,
| - Bl avatorgci?® classiﬂes the bucket as high and 1ow,
depending upon the location Wi th respect to river bed (Fzg.s-ﬂ. In
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| case of high h'xzd;e’ts the tallugter 1s below the 1ip end the jet

15 deflected and throws clear in the alr striking the talluater
away in the downstream of budket. In case of low budkets vhich are
placed quite close to river bed, téil'v'i‘a_te_r may cause ;'esivs’_tmce

to throwing of jet. If the tallwater is tiui'te high st low
discharges, the roller fomgation may occur though it will not
result in effective dissipation of energy,

DESIGN CONSIDERATIONS,

>

The factors which govem the design of trajectory budkiet

are 1w S

(1) | Bucket shapes ==

( 2) fintrance and exity} slopes,

(3 Elevation of bucket 1ip, .

(B Trajectory tength,

(5) . 8rosion by.flmp act of jet,

(6) 8hape of 1ip. | | . L |
(7 Pressure on bucket as a result of dymamlc effect of

curvi_llnear flow,

P B R S N e S

Shape_of Bucket,

~ The shépe of bucket may be circul ar or paraboliec, but
generally the fommer shape is used, The parabolic shgpe of bucket
has been used in the case of schor Dam, According to ,
31-awatorsmg this shgpe provides a smooth water surface withont
increasing the slze of the structure, The modei studles for
this Dam indlcated that cirenlar bucket causes more splashing
and vibrations. The eircular shgpes of buckets have been
oxtensively used in India as well as ebroad snd the perfomance
has been quite satisfactory,

There is no rationagl formula for the determination of

radias of bucket, The ragdius 1s generally finglised on the basis
of model studiess The minimum 1imit of bucket radius i1s govemed



by the requirement that no excessive splashing or rough water
gurface occurs, For most of existing structures the radius lles
betueen 30‘ ‘to 60' with a few excepiions where .the‘_radiuégreaﬁer
then this range have boen adopted, For example, in caSQ of
Gandbl seg ar Dan in Madhya Pradesh, the radius of hunkat has been
‘kept as much as 100 feet, ’ |

\ Some emperical fomul ae hava baen evalved by various
’,au,thox's for datemination of tucket radius, The same are dascrlbad
'zgalows-a o S I |
(1) . According to Vent Te Qhoaaz the radius of budket in
o \’ faet 1s given ‘by |

R a (v+s 4H+16)/ (5.ﬁa+64)
where ¥V = Velocity of flow &t tos of mux vay g,f{}ésﬂ%
| H ; Head in feet excluding gpproach veloecity head on
o - splllvay crest,
(1) - Schoklitsche' s formulas
R g 1,5 Hd |
wha‘;;a Ha :g de gignad hea& over spillway. :
(1) R = / _«5"3 | o
~where - h '.: the &pth of overﬂow.\ Lo ,
| H = fall from the crest spillwsy to ‘the :,nvert of
| 7 bucket,
(ivy 'ﬁnthree Brow suggests that buekai: radf.us shoum not b
 less tha three times the maximun et thwmess. |
(v)  4ccording to U.B.B.Rﬂ tha rad:lus of fiip bucket below

tunnel spillways, shculd be at leas‘k four times the
maximum depth of flow, |
| ’Ihe above fomulge for de termination of bucket radius |
are generally used as gu;ldas onlye. . The radius is finally adopted
as statad earliar, on the basis of madel studies.

............

Entry end Sxit &E&aﬁn

The antry md exit anglas affact the pertomance of



bucket, According to Blevatorski™ the entrance siope should not
be very steep 50 as to cause erratic uneven flow, Nommally the
slope should not be steeper than 4 vertical to one horizontal, This
cad be ,asceitaine,d_trom model studles, The exit angle affects
the jet throw off, Adeguate defloction can be provided wii;h angle
of 2P to 30”’, The maximun renge of values for the agle vary
from 10° to 45°, The greater the angle, the gbeater the defletions
od jet further dowstrean and more spray 1s produced, but it will
reﬁ_u»ire more concrete and therefore the budiet will be more costly,
The steeper the aigle, more the jet will disintegrate and slow
down by eir resistance which will cause steep entry of jet in
tallwater, With steep entry the verticsl component of jet Wil
be greater, resulting in greater tendency of the jet to dig in the
river bed and thus dissipating enemgy. When the entry angle of jet
in tallwater is flatter, the msnidude of horizontal component willbe
greater and high velocity flow may persist dowstrean of fmpact
area for a good distance if the river bed is not erodible emough
to from decp ptiols The high velocily flow in river may erode the
river banks,

The other factors requiring consideration while fixing -
the 1ip angle are the negative pressure at end of 1ip and impact
on the lip, The pressuresat the and of 1ip depend quite a 1ot on
11p agle in additlon to heed end dlschame, According to
‘Jogletar and Damle®® 11 the high exit engle 1s provided, there is
possibility of neg ative pressures just before the edge of the ;su.i
due to tuming of the jet in the downward direction as it leaves
the bucket, 7This can be minimiged by lowering the end sill angle
to a slight extent, The extent of actual lowering is decided by
model tests, While doing so, it has to be kept in mind that
maximum throw is comparéti.vely un gffected. e'ven vhen gngle is lowered
substantially below 45°, It is clear from;.tahle B.:1 that with 389



aﬂsle the loss of throw is only 6% of the maximum throw and wth 30
@gle_the loss of throw s less than 14% . Thas with a Uttle
loss in throw ‘the pressures at the em'l 5111 are impmved. ,The |
table No, 8-1 al so shows that relative hori.zon‘tal ilnpact gogs on
reducing as exit mgle decreases, It is glso seen from the table
that ‘the relative impact on the sill plus the relative loss 1n throw
ror a lepe of 0.75:1 (3‘?") i1s only 4% while the hori zontal impact |
on the endsill gat reduced to n.egrl,y a/z»rd as compared to 11 sl,o;aa,‘

AL A TR N e

) .,,B;elatue reduction in impact on sill for slopes flatter than 1s1

mgle 9 slope Rolative Rolative loss Sum of Remarks
(degraes) tap horizontal - in throw - (3)&(4)
impact (fraction of -

- (compared to maxtmum throw)
vertical 9111) ( 1-31.!1&)

e (1c08d) - S A
f'{f','Tffsz'f.f;Tff’"ffff;'."f'i;.fffgf'.'
s 10, 0. B3 0,000 0,23

43 093 0.269 0,002 0.2

4 087 0,285 0,010 0,5

B 081 0.3D 0,022 00240

z 0756 0.1 0.0 0,260 Minimm
3 0,70 0.8t 04060 0,241

2 058 0.13¢  0J13 0.8

- - - - -

N . Lo PO :

Jogleker d Danle are slso of the opinion that if the
angle of throw is too low agnd bud:ef is not high theve is likelyhood
of fres jet bélng insuffiently areated which may lead to supressiom
of jet, creating conditions for development of subatmospheric
pfessures st the end s1il; In case the low sgle 1s gdopted for ay



other reason, and with the possibilityqsupression of jet, the
authoz's aTe of the Qplnion that\ ths measures for areating the sill
with ai.r duets and pipes, should be tauen,

| It is alear from the above di.scussion that extensive

| modal. studies are nacessary for ﬁnalising the engle of 1lip,
ELavathon of Buekat Lip,

- T S T T N e

The perrommce of bucket .'Ls greatly affeeted by the
ele*Vation Qf bucket ’M.p. ‘The lensth cg tra;)ectory is lnnuencad
by the elevation of up.lz the up elevation is not high énough
ebove the river bed, the Jet may be unsteady and its action
unsatisfactory, The raising of level of bucket 1ip excessively,
may re_c;ﬁi.‘ra 539:;5&691&3131_9 guantity_ of concrete,snd may mean
increased erosion at the point of fall, There are no definite
rules for fixing the lip elevation, According to Elevatorski?,.
the studies on Pinﬂe Flat Dan mmca‘tad thel bucket 1ip elevation

should he sme as maximum tailwater elevation. For elrcular bucket:

mevatorm on the hasis of existing designs siggoests that 1ip

-

height '™M? above the budset 1nvart may be adOpted as glven below=
For nigh buckets, . 0,10 B
For low buckets, "oz 0.125!1

where R 18 radius of the bucket, .

Tre ectory Length.

Protighly the most important conglderation in the design
of traj eclory bucket 1s to determine the dlstance from bucket at
vhich the denected jet wAll strike the river bedy {If the trlct:.
..5.on y Pretardation of alr and dlsruption of jet is negleeted then
the horlzontal and vertlcal component of jet traf acton? is given
by (Fig, 8-2).
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v Eé {3) can be converted in dimensionless formm by dividing
with ‘B the vertieal distmce from maximum pool level to river bhed

£ =2 gy ,

| Acmmg to m,evatonm“, the measurement mads by OblLensky
a#d Magitre at St, Etiet:nee.cantalas and Chasteang Dem in France, for
flows less than helf of maximum discharge, indicate that nearly
0% of total energy is dlssipated by interaction of jets with ofir,
To compensate the reduction of velocity snd loss of enemgy of jet
during flight, the use of followlng equation 15 suggested by
Blevatorski
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The maxzimum value of trajectory length will occur when ﬂ
L5 450 gas sinéﬁ will then bo maximum 1,e, unity, The curves for
g. versusg baged on eq (8) have been plottad for 1ip angle ranging
trom 109 to 45% and are showa in fig, 3-:8. The experimental results
for P.’Lnenat Dan for Model end protptyps are also marked in the
figure, It 1s geen that the experimentsl results of Pine flat Dem
aitd other dans &ree quite closely with these curvas; The model
end protptype studles made at U.S.B.R. have indicated that prototype
trajectory Length is shorter thau the model or theoreticsl jet sud
has steeper angle of entry into tallwater, It has been presumed

that this difference {5 censed by greater alr resistance encounted
by the high veloclty prototype jet, |

The above equations show that trajectory length is not
affected by radius of bucket, Elevatorsi® indicates that



experinen tal studies conducted for Hartwell}.dam, have shown that a
larger bucket radius canses the flow to be deflected slightly ..
higher snd further downstream than does a small radlus bucket, = -

It has been stated above that theoratically .t_ra:}‘ec;t.ory‘ o
leng th on g horizontsl plane passing through the point of proj aet.:
.;ion; will bé ina#iﬁum at 45° .éng‘le of li.p; .The; model sfudies have
shown that 45" ip mgle does not slways give the meximum leng th
of traj ectory due to ai.r frietlon ad disperaion of Jet and the
trajectery length obsarved z‘or exit angles 35° to ©° 1s found ta
.‘be maﬂmm. The e::parimental stud&es mnduated by Rouse, Rowa
and Hatz'e 2 while studying the renge of fire monitors, indicated
that maximum hori‘z‘ontal thrc_:w occars at 20° méteaé ot‘ﬁ",

In case of skijump bucketls the 11p 1s at much higher
elavation than the river beds Im this case the thaoretieally
nexinun throw Wlll not oceur at exit sgle of 45, Tho mgle st
which the maximum thearetieal horizontal throw will occur can be
derlved as balow (93.8.8-4). | -

£ = X dnp

'Level Qrferanca hetween B and D » mj_ sinzﬁ m.....--...(a)

Tine tsken by Jot to fall from B to n& |

t -/z.(mﬁ.sin%) ff" "j; — (9)

Horizoné:d. distmca between B and D = Voca@ X ‘4

vhere . Voeozﬂ is the horlzantal veloclty of Jel,
The_total hnrl.zontanl throw from A to D » m+ BD
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duplifying we get maee{b - /2 (u%!l.z) S n————— § }

Knowing Vo, the exit velocity and 8y by the lip an&le
which wlll glve theoretlcal maximum horizontsl throw, can be
computed from eciuatiqn (11). |

The sbove discussion indlcates that actual trajectory
Length is generally different from theoreticsl length because of
alr resistance and dispersion of jet, It is, therefors, desiresble

to conducted model studies in each case,

Ems&on By Impaet Gf J et.

| 'J:he extmt of 1likely emsion of bed materlal due to impact

of ety 15 also an important factor to be consldered in the design
of bucket, If the erosion or geour 1s more and travels fowards
upstvean side the structure inself will be endangared. According
to &1avatorskim tha factors affacting erosion areu |

(1) FVeloeity of jot.

(11) Thi ckness of jet,

(£11) kgle of ;.nclinétién of jet entering the pool,

(1v) Depth of tauyéter. |
) Characteristics of river bed strata,

The velocity 1s depandent on fall of water, The jet

thickness is dependent on dlscharge intensity and velccity. Thﬁs
mtensity and veloeity affect the scour greatly. The efi‘ect of bu...
~ckot Llp agle has been already discussed earliar in this daapter.
The 11p angle flxes the agle of entry of Jet into tallwater and so
fmpact on the river bed, ‘l’he' tallvater depth provides ths necessary
cughion for the entering jet., This results in loss of energy

by diffusion of high velocity jet in pool created due to tallwater,
Thng the greater tallwater depth reducas the extent of river bed

!

s0oour,

The most dominant factors which affect the scour is the



type of river bed strate 1.e, homogeneity of material, presence of
cleaveges snd bedding plenes in rodkgte, The scour in the erea
of impact starts with removal of soft matsrial., The dmanic
pressures involved in the impact, act Kbrough the crevices and
bedding plsies aud huge chunks of rock are bodily lifted end
carried by the flow, | |
| Besidss the above factors, frequency of operation of
epillway #d the duration of operstion also affect the scour, The
greater the frequency and duration of operation the greater the
scour 18 likely to tdte place, o |
~Aecording to Dam:.e, Venk atraman nd Desaiss who carried out
studies on model snd prototype considering only twa dominant factors
Lee dlscharge intensity q and height of fall H the scour degpth
18 relatsd to produet of q snd H 4n tolloumg mannar.

ds =a(ﬂzﬂ)b - f-_— eem e mmamee( 12)

whemdsn seour depth Helow ta&lwater 1@Ve1.

ayb a constants,

The velue of &, b, for maximum and mininun velue of ds
were found as 0.3, 0.56 and 0420, 0,50 respectively, The suthors
recomnend these values for evaluation of scour w{lth the help of |
eé (12), The lograthmic plot betweed value of ds a,,ndv (@H) :lndieatea
aj general trend and fe,irly good correlation with acfual observed
velues on model and prototype for certatn éams' i_t'z.l'nd!.a SeBe
Melthon, Panchet Hill, Hirdcud, Gendhi Segar, Madira and Tilaya
Dan (Pig. 8.5), -

In the ghove study no effect af ‘ang:l.e of 1ip, tallwater
depth ete, have been considered as no emerlmghta;data was
avallable, Due to these iimitations the fommula given by the sbove
gathors ean only provide some rough idea of J_.!.kély scour in g
particular cases The estimation of asaticipated soour 1s usually



made with the ald of model studles,  In this connection 1 may be
éoint_adout that the estimation of auticipated scour is more
quelitative then quantitative as in a modsl it is difficult to
simul ate the protype conditionss:

Shapé 0L Lip,

Blevatorad™ has mggested that bucket 11p should be
dentated for better distribulion of flow over a lawger area of
river béd_ than the flow in a plain curved bud&ieet, The slotted
bucket 1ip will cause aliemate ridges and troughs in flow as 1t
spreads longitudinally. According to sbove author the studies
conducted for GleVal:-md IDaxn have indicated that size of corrug a,t.:
;;nns increases with the inere.ase of dlscharge, The studies have
alao beat carried out by Uppal and 8ingh on this problem and they
called 1t ®doudble Jet deflectorg" ag part of flow 1sﬁdi.rectad by
splitters and shoots into alr while the remaining flows through the
glots and deflected into eir as independent jets, Due to flaring
extensions jets from adjoining sections interact with each other
leading to dissipation of substentisl portion of energy, 4s a
result of splitting up and interaction hmught‘ about by double Jet
deflectors, 1t s observed that the rise of et decreasss whers as
the spread of Jet increases emnslaerably,' Thus the enéi'sﬁ gets
distributed over g greater area of the river bed and the scour 1s
reduced. The reduction in scour is stated to be nearly 50% of solid
bucket 1ip type of arrangementy, It is also stated by the above
anthors that cavitation on sharp adges of flow can be controlled .
by rounding or chamfering the edges, | | |

It 15 felt that the ebove type of bucket lip ceh have
1imited use, This type of arrangement in the bucket may be useful
in trajectory buckets as the tailwater will geneirvany‘b.e ghove
the 11p_91'.§avatioh ad the hydrosgtatie préssure on the 1ip will reduce



the chancesof cavitation, In ease of the skijump bdudkets, there is
more llkelyhood of cavitation when velocities are high asnd there is
no hydrostatic pressure gbove the 1ip, Thus, thls type of lip is
not likely to be suitable to skijump buckets, It has also been
claimed that with the arrsngement of double jet deflectbrs in the
bucket, the srea of impact of jet on the riverbed, is enlarged and
thus the depth of scour is reduced, Ihis fact may not be much useful
in actual practice as the adoption of trajectory or skijump bucket
presupposes that the scour will tgke place where the jet strikes
the river bed resulting in the creation of g pool shich will later
act as cashion for falling jet of water, It may be better to have
a_dgeﬁ pool of small area than a shallow pool with large areas The
basi¢ consideration however, remsins as stated earliar that the
seour should not fravel upstream so as to endanger the structure
1tself, |

Pressure m. stribtution On Budket,

In design of thig type of bucket, an important consideration
1s the force which is exerted on the bucket by water as a result
on dynanic effect of curvilinear flow over it, The total force
caused by Jot deflection can be detemmined by applying the momentum
equation after meking the assumptions that the jet deflection is
parallel to the dlope of bucket 11p, However this does not give
the distribution of pressure over whole of the bucket, The other
me&hod for the deteminqtion of pressure is by centrifugal theory,
The pressure can also be computed by assuming the fiow in the bucket
as irrotationagl vortex flow, The above mentioned methods as
41 seussed here, |
(1) Momentum Theory,- |
The pressure exerted on the budket can he aevgluated by
calculating the impact cansed by change of momentum of
water deflected in the bucket,



Force = mag X acaelaration n rate of chenge of momentum
or F = nx (E-Foco )
vhere V = Velocity of water at invert,
Vo » Veloolty of water of exit,
g = agle of projection,
m - mass of flowing watar. |
| Tis force will be on the ‘budke t betwes !.nvert and exdt
of jet, Lat the difference in slevation betwa& mvert and ent
end of bucket is'h'y |
The roree/!.'t of elevatian = m( VuVo ebw) x,k

(11) cmtr:.mgd. Theory.
The flow of water thmugh the ecurved bucket will exart
cntrifugal force in addition to static head of water, The
Total force on the bucket will thie be the sum of centrifugal
force and static head of water.
The centrztugal force = m&,

| The statlc presmreftt \\d, where y l.s Unl.t waight of water
and d is the thidmess of jet,
Total pressurq/ft. of bucket ..(g__, +vd )

“

L R Y Y

(111) Pressure by Con sider‘.l.ng Flmw as Irmtational Vortex F.Lw.

 The dotemination of pressure distribution by consldering
the ﬂow m the taueket as 1rrotatlonal vartex was mggested by
Doumauv The sane hag been dlscussed ‘by Balloffetm md he has |
tried o compare the pressure azstmuum s arrived with the
experimentsl data obtalned from model tests carried out for Hattvell
and Pine Flat ;Dams. B | o h

Douma assumed the velocity distribktion on the bucket would

be that of trrotatiénal vortex. For this flow pattem, all the‘
strean lines near the bucket boundary are clrculasr and concentric
vith the bucket, The stream llves U and equél potentiai 1ined v



ean bs detemlned by the function,
y constant,

=
-
-

w o= K logr
J =,KU constant,

The absolute velocity cah be expressed as

.............

u '. -a——\i = K ’ T D ) WS S 4 S0y T -
s 2ok RURRRSES————— T >

Where K 1is a constant and r is the radlus of any streamm
line, 7The figure 8;6 shows that the uppemmost stream line has radiusg
(R;d) where '@ is the thickness of jet passing over the bucket énd
R 1s the radius of Bucket, The difference in piezometric head
between point 1 and 2 located on mpper stream line snd the bucket
is obtained by Bemoulil®s eq'uation applied to irrotational flow,

The pressure at point 1 18 atmogpherie, éecof’dtng to
Bemoulli' s equation |

s

‘)'L ‘ V;_ _ : \j2
5 4 I, —\—1— = O+ Z. + ,2.'.%
' 2
A A (z. ~2.) + AR
M . 2%
. Az 4 \h (\-Vz).ﬁ - - - = 410

From equation (15) it is known that velocity is inversly
proportional to radius, '
(R..d) X V1 = Rzx 72

or Vo g Rg
| V1 R
sabstituting the value of Vs in gquation (16)
R A |
P VWL REAYY L - - - o)
'Q'AZ*i%K/( \—Tl>) :

Considering the loss over spulway as negugible vy can be
taken equal to ‘/m where Hy 1 the difference in elevation
batween maximum water surface @#ad point 1, Erom this Lt can be
saeh that Vy i1l also vary according to Hy while an irrotational .
vortex pattem of flow assumes that Vy varleg alongwith radius, For
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high dams the varlationgs in Bt gt differsnt points in budset is very
angll, Therefore point 1 i3 selected at lowest waler surface elevem
«~tion over the bucketl and =0

Bt sHyy ad§ 28
-

LB L Ae g H.[\—\P::é-‘*)“]~ - = = = — - o (18)

Pp cen be detormined if thickness of jet 'd" is know, The
di scharge intensity g is known, ‘I‘hé d4 cen bo detemined by
integ rating tha Velocity as belws..

4z J VA enene( 19)

ad

suhsti.tutlng the value of Vin tems of Vy with the helop of eqf 18)
Q s j‘ d V\O\Y

® ?1 (B&d)j dy

W (R0) 108 b e e e esmmmnd 20)
By expanding in log series

Y- v, (R4 | o+ LYy 114 \+— =] i T

Now from (21) d can be deteminsd as other things are known,
~ The gpproximate thickness of jet cean be determined by
neglecting the variations in velocliles across the flow,

&d = ;_S... e e ERRRTES
% /E"H" ' - ~e( 22)

The maximum pressure wlll be at lowest point of budket as

is maximum znd is aquel to d at this point, Tims from eq (18)
> . - |[R-d ) - -(23)
(B )y, = A r L GG
=d + V\ Ll__kR ‘*)1”" - - -~ (4)

Knowing the mazimum pressure, theoretical pressure diagram

can be determinad as shownr in Pig, 8.7, 4 ¢ircle is drawn with centre



at the bucket centre and radius equel to (R+h), Then the pressure
at any point A may be represented by radial segment AB equel to h
.mgnus the elevation of point A with respect to lowest point of the
bucket surface. , o ,

In the above di. scusston, the mrvature of flow 1s assumed to
start at the point of tangemcy between epillway &nd bucket, Actually
the now curvaturs starts from np strean of beg!.ni.ng of bucﬂ:et,

For g thm flow however it may he reasmabla to assume that flow
eurvature starts elose to tanganqy point,

Balloffet mads a comparl sion between theoretical and
axparimental pressure di stzibvuti.on in g bucket, This is shown 1_.6
' Fig, 9.7, The experimental and theoTetical values mTee feirly.

The d1segreement at ends of bucket may be due to assumpﬁon made in
the preceding para, BalToffot al so made comparigsion bhetween maximum
theoretical éressure and the experimentsl data observed on models
for Hartwell and Pinse E‘lét Dam and 1s shown in Fig._ 8;8. It is sem.
that the best fit stralght line can be expressed as

hexperimen tal ; 1616 htheoreticsl ;-~ u:m- (25)

while computing the theoretical pressures d was cal cul ated

from eq (22), When 4 was Qomgutad £Tom oq (M) md pressure was
computed from eq’l(:a&) with thig value of 4 y the comp Mston betueen
" maximun ‘theoretical pressure with experimentslly observed pressure,
is shown in E‘ig. 8;9. Tlm best f£1t line can be expressed as

hexpertmental = 1,02 htheorett cal ;;;;.:;;;;;;;;;;;;;< 26)

From the gbove it 1s seen that irrotational theory provide
better closeness betwsen theortical and experimantaz. values of
maximum pressures,

In a converging spillway the distbibution of dlscharge over
bucket may ziot be uniform, The maximum dischai'ge may be at the

centre of flow length, In such cases the pressures over the central
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portion of bucket are greater than contemplated based on the assmp.:.
_tion of unifom discharge intenslty, At the sides the pressures
ara less over the bucket,
Xomparision Of Pressures Calculated By Varlous Methods s

The pressures on bucket were computed with the helpi of above
three methods in the case of Nag;-a,jun Sa2 ar Dan % whose bucket
elements are as under - :

Bniry slope. . | S - 0s7 to d

Bucket raﬂius . , | 90 ft.

mgle of 1ip & . o  x° |
Discharse intensityq , - E 800 cusecs
Velactty at mvert of bucket. :58 ft/seo.
Velocity at. exit of budset. o 133 ft/ssc,

-

Ihe prassures ealenl ated hy tbrae methods are ﬁven helow-..

SMo, = Method Pressure in 1bs,

R e e e et e r st s s s e e e m e e e ...
1o Momentun theory © - 2880

2, Contrifugsl theory . B

e ] ~;1.‘zﬂ-rc:w!;;arcicn:na}h vortex flow =90

.......................... - - - -

uuh-u-uuupn--pumgnmni-‘-nﬁn'-‘m‘m'-'uu«-'qumﬂw

From the abdm it 15'_seen thét press&ré 'eoﬁputed by ahéinaxtu;n
theory and irrotatlonal vortex ﬁaw thaory are very close whue the
pressure caloulated fmm centrifugsl theory s quite on higbby
side as compared to the other two methods,

BX#MPLEB OF TRYUACTORY AVD SKIJUMP BUCKRIS,

These type of ensrgy dissipators have been nged extensively
in Indla and gbroads The Table 8-.11 and Fig, 8-10 give the details
of pro;} eftg in India where this t,vpe of energy dissipation arrang e~
..ments have been provided or pesposed to be pravided. Besides the
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bucket elements the type of strata avallable in river bed has also
been indicated, In table a;III, the detalls of trajectory type of
buckets used in projects located in foreign countries have been
given, In table S;IV the detalls of skijump bucksets used in projects
located in different countries have besn glven,

The above tables clearly indicate that trajectory or skijump
type energy dissipators have been used for dischame intensitles as
big as 2690 cusecs, ‘

PERFOBM NCE OF KIJUMP BUGKET& IN I?zIDIAn

In India, the skijump budkets have bea: adOpted in naxy da-ms
some of which have been completed and the spillways have operated
for some years. Some of the spillways have functioned to its neér
maximum capacity while the rest have not yet functioned to its full
cgpacity, The datalls of these skljumﬁ buckets are glven in table
No, B;II gerial No, 1 to 8, A study on the performance of these type
of buckets was conducted by Banda and Thomas ¥ on six dams i.e.
Hirskud, Maithon, Tilaya, Panchet Hill, Gandhisagar and Rihand Dan,
and they have indlicated that the performeaice of these buckets have

been satisfactory, The scour pattem has more or less folloved the
| pattem znticipated on the basls of earliar model studies asnd is
sifficlently far away so as_‘not to endanger the maln stracture,. ‘The
bed strata of the sbove mentioned six splllways is falrly good,
BCONOMIC ASPACT OF XIJUMP OR TRYECTORY BUCKETS.

It has boen already stated earliar that this type of
energy dissipation arrangement is usuglly provided whers- the taii;
~water depth 1s inadequate for the formation of hydraulic jump and
the bed starta is composed of falrly fim rock, This type of
bucket can be adopted pmwﬁded foundation gtrats pemits, even whers
the tallwater is adequate for the formation of jump as this wiil be
chegper tham hydraulic jump stilling basin, Where tallwater is |
insdequate the adoption of hydraulic jump type stilling basin will
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require a depressed gpron below the rbver bed level to provide the
sdequate tallwater depth for ths fomatioﬁ of jump, The pmvzsioﬁ
of depressed gpron normslly requires huge quantity of rock excavation
which mgtes the hydraulic jump stilling basin very costly, The
adoption of trajectory or skijump bucket, therefore, is obviously
very economical in comparision with hydramulic Jump Stiil.mg basins,
For instance in case of Rihand Dam in Uttar Pradesh the detalls of
which are given in table S;II, the eeonomie studies conducted by
Rehand Design Dirsctorate B showed a saving 'o”g %0 lakhs over
hydraulic jump type stilling basin,

In the gbove paregraphs, the various aspects pertalning to
trajectory or sijump buckets have been diseussed, Its
sul tabllity and design consideragtions have been dealt In detell,
The examples of these type of‘huckets in Indla and gbroad have been
given., The perfomance of these buckets in our country have been
described, The economic aspect of these buckets vis;a;vi,s

hydraulic jump stilling basins, have Blso beem discussed,

sAOCELCAee



CHAPTER. 0

- oo . v‘-wﬂu

~~~~~~~

CONCLUSIONS_ AVD_RiCOMMEND ATLONS_,

o S v Vo e i S oy A e St

The eim of the present study has been to review the
oxlsting available knowledge on enery di ssip atlon arrengements
which are commonly sdopted below dam spillways. In this initial
chapters an attempt hagy been made to dlscuss the basic charact:
;er&stics of hydraulic juﬁp 61@ A Epmzantal gpron, fully sloping
and_part sloping part horizontal epron, After this, the cholce
of particular type of energy dlsslpator with reference to
hyc;rauxzc'wnditx.ons have been dealt with, Thls has been follqged‘
by discussion on each type of energy dissipation arrangements v3z,
(1) hydraulic Jump tjpe st1lling basins utilising horizontal
a,;amn,' 91@1:15 apron gnd_éart sloping part horizontal gpron,

(41) roller buckets. solid as well as slotted type, (111) Skijump
or trajectory buckets. | | |

From the dl scussion on baslc characteristics of jump
on horizontal gpron 1t is ‘sen thgt the length of juﬁp has not
so far been determined accurately, No rational formulas have been
developed for the same. However it can sald that the existing
knowledge gbout the jump length is qﬁite adequate for the deslgn
‘of stilling basins utilising hydraullec jump gs energy dissipator,
This 1s so, because the stllling basins are seldom designed to
contain the full length of jump, 4s \rag arqs energy disslpation ig
concermed , there is not much controversy about the clear jump
being more efficlent than the submerged type of jump, Some
anthorities are of the opknion that the energy dissipation in a
sabmerged jump is not much different than the ol‘ear Jump as long as

submergence is about 10%_ OT 0.

The length of jump on a sloping epron is al s not baeyond-



mntmvergv but the axistingv knowledge 1s qixite adaéuate for the
design of stllling basin for regsons polnted out in the preceding
para. The energy dissipation in a Jump on sloping apron has been
studled by very few amuthors, The exlsting knowledge indicates that
the energy dissipation ln a jump reduces with the incrsase of spron
sloj;a. Inspite of this hydraulic jump type stilli,ng basins with
gloping gron are favoured as the jump is most a:fectively controlled

t

as compared % Jump on a horizontsl apron, s
In chgpter 4 , the hydraulie design con siderauon and
cholcs of enemy dissipators to sult the various typ\e of site
conditions have been discussed, From the dtsmss!.oniig¢§.t is clear
that the cholce of energy dissipator is dependent on i\&\ydraulic,
topographical and geological conditions at sl—t;e}. ‘\
The hydraulic Jump stilling baslns héve been exten slvely
used, The stilling basins with horizontal spron genersl \y utilise
the varlous appurtenasnces sxmh as chute blocks, baffle pl) \ps and
end sill %o reduce the length of jump and to oontrol. and
formation of jump even with af 1ittle less tanwater. ‘L'he"\a&ount

of reduction in basin length due to used of appurtatzences stil\].\ Temaing

a matter of controveray but the genersl opinion 19 that tha ba
length cen be reduced by 1/3rd to 2/3rd, The use of hafﬁ.e i

is not favoured where the veloclties are greater than 40..50 rt/\s\i
to avold cavitation, As regards shape md placing arrangement ¢

recommended different arrangemmts but the general Oplnion is ti- ]{af
baffle plers as near as pemmissible lthout causms cavltation. i 0.
purpose 15 to create as much obstruction as posslble wlthout‘ 1\3 f\

developing cavitation, The use of these stilling basins w!.th \\\
gppurtenices are recommended for dams of low and medium heighh \

In high dams, high velocities are involved end as the use of some

W.



of the gppurtenances Ls not favoured for fear of cavitation ,
the control of jump becomes extremely difﬂ.cult. With slight
difficlency in tallwater the jump may sweep off the paved gpron
and scour in the downstresm may result which may endangsr the
structure itself, N | |

The stilling basins with sloping apron utilising
hydraulic jump as enemgy dissipator, are suitgble even for high
dans involving large discharge intensities and high velocities.
The jump movement on a fully sloping apron or part sloping part
horizontal apron has a llmited range and there 1s less likelyhood
of jump being swept off the paved gpron, The tallwater require:
~nant goes on reducing as the slope of gpron is inecreagsed but the
rock excavation.increases leading to incrsase in cost of stilling
basin, The rock excavation cgn be reduced and stilling basin
can be made economical with the adoption of part sloping end part
horizontal epron though the teilwater requirement is slightly
morg than the corresponding case of fully sloping apron, The
quentitative reduction in tellwater requirement for different
sloping eprons end part sloping part horizontal eprons, have bsen
dt scussed in Chgpter 6, The charts have been prepared which will
be very ussful o the designer in selecting the most economicel
combination of pa_!"b. gloping and part horizontal gpron without much
trial, to salt a particular hydraulic condition,

- The discussion on hydranlic jump type stilling basins
will be mqomplete without mentioning the limitations of such type
of basing for nse below gate controlled spillways. The hydramlie
jnm;a' stilling basins are designed to funetion for épartlcnlar

tellwater snd jump height relatlonship, This presupposes that
| the discharge over splllvay is flowing Wnifomly over the entirs
langth of gpillway which 1s only possible when the crest is



erest-is uncontrolled or the gates are so operated that these

are lifted equally in all bays, OSuch operatlion of gates is hardly
possible in actual practice, In such casesthe sequent depth
required for the formation of hydraulic jump within the basin, will
not be avallable ard the basin will not function as gntiecinated,
Therefore this aspect needs‘:be consldered while selecting this type
of energy dlssipator, o

The Yoller bucket type of energy dissipators ars suitable
where tailwater is in excess of jﬁmp requirefiant, This type of
buckot 1s definitely chegper to hydraulic jump stilling basin as the
quantity of concrete in the former 1s much less in comparision to
the latter. The g0lid roller buckets have been used at many dans but
these have a teudency to sudc river bed material inside the bucket
which causes g rasive action resulting in costly malntenence problems
The slogted roller buckets have been evolved as an improvement
over soild roller buckets, The provision of slofs helps to remove
the debris sudced inside the bucket and thus ensures self clesning
action, Tho dssign procedure of roller buckets have besn dlscussed
in chgpter 7, The doslgn of these buckets is still in steke of
evolution, The studies conducted by various authors s;d procedure
of designs of different bucket clements lsid down by them, can only
serve as a gulde to work out preliminagry designs,

The trajectory o skljump bucket type enfnxy dlssipators are
recommended where bed strata consists of fimm rock and tallwater is
1nadequate for the fommation of hydraulic jump, Whers the foundat.
lon condition pemmit, this type of tucket 1s chesper than hydraulle
Jump type stilling basin even where tallwater is adequate for the
fomation of jump 4 The adoption of this type of bucket is espscl;
ally very economical where tallwater 1s ingdequate for the
formation of jump esnd huge quantity of rock excavation is

involved for providing spron at suitable level to ensure the



fomation of Jump, 4s regards perfomence of these type of buckets
it ot be sald that these have functioned sattafactorlly in this
country. The dssi.gn eonsiderations of thase type cf huckets have
been dlsauased in detall 111 Ghapter 8, ZThe fixi.ng of bucket
elements for a particular case needssbe based on existing knowladge,
_exparlence on similar wozks end model studies, The formmulae for
deteiﬁinatlon of likely scour where jet strikes ﬁﬁe g round ﬁgﬁe
not"yet heén éwzved wit'h”a degree of certamtfy as there a'ra meny.
varzables affectkng scour of whleh mnst i.mpcrtant is the river bed
matarlal. At present the antlclpateﬂ scour can only 'be estimated
Wth the eld of model studies wilch are more quelitative then
quantitative. .‘ | | | , | | |

~ In the a’bove parwraphs an attemp‘c have haen made to
mmmarlse the eonclustons arrived after conductmg the present
study, The umitauona of existing knowledge on various types or
energy dissipators have been stated snd it is felt tbat there is
ample scope for further study on the fonowing aspects.

(1) Leng th of Jump on fu:.ly sloy!.ng apron at higher range of
. Froude numbers, .

(11)  Bength of jump on part sloping and part harizontal aprons,

(111) Enermgy dissipation charascteristics in a sutmerged 3ump
Vig.a-vis clear 3ump on g horlzonta). aprofly .

(ivj o Enargy dissi.pation characters.stics about 3um;ns on sloping
e G TORe -
(v)  Beduction in length due to use of appurtenances in g
stilling basin and relative 1ocation of filfferent .
_ gppurtengnces,
(vi) . Destgn procedure of roller bucket elements.

(vi1) Deslgn procedure of Iraj ectqry or skijump bucket elements,
Lastly 1t is felt that the problem of energy disslpation

for each site requires consideration on the basis of particular ‘

hydrauiie , topographical and geological characteristics, ' The



experionce on similar type of exlsting stmcturas gnd the present
knonledg.e.gboﬁt designs of enery dissipatéfs, can only hé:.p in
m:king out _thé preliminary desg.gria !‘or a particﬁiar ‘¢ases Thess
preliminary de é&gng can be finalised with the std b_t model
stu'die.s\k.aeping due régaré to the ii.mitatlon of such vstu.dj.es, .
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