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In this study i attempt has been made to discuss the 
important types of energy disc pators below dam spillways* Before 
discussing the various energy dissipators, a review of the basic 
characteristics of hydraulic Jump on horizontal$  sloping and part 
sloping and part horizontal apron has been made. This I. s followed by 
discussion on the choice of energy dissipators to slit different 
hydr, jIc conditions, After that hydraulic jump stifling basins, 
roller budcets, skiJamp and Tra3ectory buckets have been discussed 
in all its aspects. 

from this study it is seen that so far no rational formulas 
have been developed for determining the jump length. As far as 
the design of stilling basins Is concerned, a very accurate 
determ.nati.on of Jump length is hardly necessary as the basins 
are rarely designed to contain the full jump leng th. The existing 

knowledge regarding energy dissipation  indicates that eaez"bl 

dissipation is slightly better In case of horizontal apron that 
sloping apron. The stilling basin with horizontal apron generally 
can be used for stall and medium height of dams having moderate 
discharge intensities as jump is very sensitive to tailwater 
Variations  and difficult to control, Small di.Pfi ci en cy in t a .l water 
oau be made up with the help of basin appurtenances, But the use of 
appurtenances Is not .favoured in case of high damswhere discharge 
intensities and velocities are high as these cause cavitation. 

The stilling basins with sloping and part sloping part 
horizontal, apron are suitable for even high dams and large di s ch arg e 
intensities. In these basins the jump movement due to tailwater 

variations tapes place within fixed range of apron length. The 
sloping aprons have tailwater requirements lesser than horizontal 



aprons. The tailwater r 	rent decreases as the apron slope is 
steepened but cost of stilling basin increases. The stilling basin 
cost gets reduced 4th the adoption of part sloping and part horiz.. 
.onto, apron though the tati.water requirement Ls slightly more than the 

corresponding case of fully sloping apron. ai effort has been 

made by utilising the existing data, to bringout quantitatively 
the tailwater requirements for fully sloping and part sloping part 
horizontal apron, for different slopes. 

The roller buckets are suitable where tailwater is more 
than the jump requirement. As regards the performance, these have 

moo ed well wherever used, but the only point, is that these have 
regular maintenance problems. The roller buckets are cheaper that 

hydraulic Jump stilling basins* 
The ddJump or Trajectory buckets are suitable where 

tailwator is inadequate for hydraulic jump and the bed strata consists 

of fairly good roc. free of laminations. These buckets have been 

extensively used in India and abroad and the performance have been 
quite satisfactory. As regards the economic aspect, it can be said 

that ijump buckets are cheaper than hydraulic jump basins. 
Lastly it can be said that problems of energy dissipation 

for any two .dams are not exactly similar. each ease needs 

consideration on the basis of its particular hydraulic, topographical 

and geological characteristics, The existing knowledge and experience 
about various energy. dissipation arrangements can only serve as a 

guide for wo.r :ing out of preliminary designs which can be finalised 

on the basis of model studies. 
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The construction of arty structure across a stream creates 

some a~ountk of energy difference between upstream and down stream 
of the structure. The water discharged through the hydraulic 
structure acquires high velocities depending upon this energy 

difference. This high velocity flow may cause stream bed erosion 
and if it is not eheci ed nay endanger the structure itself, it 
Is therefore necessary that excess energy should be dissipated to 
such an extent that the river bed below the structure is not 
undermined by scouring action so as to endanger the stability of 
the structure. 

The operation of spy type of energy dissipator depends 
largely on, expending a part of the energy of iLgh velocity flow 
by some combination of the following methods. 

(. 	by extezn ai friction between the water and river bed 
and between the water and the air. 

(ii) 	by internal friction id turbulence, 
The energy dissipated by external friction bet~aeen water 

and stream bed or water and air is usually negligible. The 
greatest amount of energy is lost by turbulent flow which 
dissipates the energy in surging, ing, boiling and eddying, and greatly 
inereas ing the .me 	frictián , between particles of water# Thus 
the funduentl process Is that the energy dissipator converts 
iuetiu energy into turbulence and finally into heat energy. 

The choice of en638y dissipations as stated earliar 
depends upon hydraulic, topographical, and geological cgndtions of 
site Of all these the hydraulic condition is most predominant 
in the sei*ction of particular energy dissipation arrspgemeryt. 
The topographical and geological condition ganerally affect the 



economic aspect of energy di slip ator, 

The energy dissipation methods, which are commonly employed 
for the dissipation of energy below den spillways, are given below 3 0. 

(1) Hydraulic Jump type of stilling basins 4th horizontal 
or sloping apron. 

(2) Roller buckets. 
(3) The S.i jump and Trajectory buckets. 

The hydraulic Jump type stilling basin is a structure in 
which the r nergy dissipation is accomplished by means,*  of turbulent 
behaviour of well formed hydraulic jumps. The stilling basin may 
oohsist of fully horizontal, apron or fully doping apron or part 
,coping and part horizontal. apron. The horizontal. stilling basin is 
generally used where the available tatiwater elevation match the 
sequent depth requirement for the formation of hydraulic jump for 
all range of discharges i.e. tatiwater is adequate for the formation 
jump at all discharges. In cases where the bailwater depth available 
is more than required for formation of Jump for certain range of 
discharges and less for certain range of discharges, the  fully 
sloping or part ,sloping id part horizontal aprons are provided 
which ensure the formation of Jump for all discharges. 

The roller bucket type of energy disstpators are employed 
where the tailwater depth is more than required for tie formation 
of jump. The roller bucket consists of bucket like apron with 
concave circa]. ar profile of appropriate radius and a lip which 

deflects the high velocity flow away from the stream bed,. The sheet 
of water is deflected upwards forming two rollers to. a surface 
roller or high boil on water surface on the bucket and a ground 
roller do n stream of the bucket*  The surface roller is effective 
in dissipating energy while the ground roller provides the reverse 
flow in the upstream direction and prevents erosion immediately 
dowxstream of bucket. The bucket may be either solid type or slotted 



type„ The slotted type of baskets were evolved as aim improvement 

over the solid. types. The slotted type of bucket has an ad' t ge 
over the solid type as the provision of slot in bucket en 1res 
self" o3.eeAing action and the mate ti al in side the bucket sweeps 
out through the slots. 

The ijump or trajectory type of bucket are used where 
the tailwater is Inadequate for the formation of hydralutic Jump 
,and the bed strata consists of fairly► good roc ., These types of 
buckets are designed to throw the high velocity flow.leaving the 
spillway with ich au angle that the water jet stzllkes the river 

bed at an adequate distance away from the structure. The striking 
jet of water scours the river bed and a pool gets created after 
sometime which acts later as cushion for the failing jet of water, 
The energy dissipation does not take place in the bucket itself 
but is brought out by dispersion of the jet in the a o.sphere, 

rosistapce of air, diffusion of jet in the tatiwater and finally 
the impact .against the river bed. The Important consideration for 
this type of energy dissipator as stated earliar, is that the bed 
strata should consist of fairly good rock so that' the scour caused due 
to falling jet of water does not progressiveLy move upstream so 
as to end .er the . structure. itself.. 

Besides -the above types, some ,energy di ssip ators 
employing the principle of diffusion, and thteracting j s have 
been developed.- These . types of di saipators have boon used 
successffulty in moderately high dam► Rowaver the fact remains that 

these types canbobe used in high dame where high dischazge 
intensities are involved. 

The present study has been, limited to main type of eneI 7 
dissipators discribed earliar. In the initial two chapters that 
follows  basic characteristics of hydr le jump on horizontal and. 



sloping spXOn hatebeen discussed. Later the hydraulic eonssideration 

for the choice of specific energy dishipators haw been dealt 
in detail. 2ter that each type of energy di ssipator has 
been discussed in detail in all its aspects. 



DR, L tC Ji1MON ,HO 	T 

Among the various methods available for dissipation of 

energro  the hydraulic Jump is one of the most effective meafls of 
dissipation of energy. Before dtsasstng the extent of energy 
dissipation which can be accomplished through hydraulic  jump, it is 
proposed to discuss the basic characteristics of the hydraulic 
dump. 

The hydraulic jump is defined as the sudden and turbulent 
passage of water from a low stage below critical depth to high 
stage above critical depth, during which the velocity changes 
from supercritical to suberltical . The jump is accompanied by 
great turbulence and energy di slip anion. The relation between 
supercritical depth and subcritical or sequent depth can be 
established with the help of Newton' $ second law of motion„ The 

well known formula showing the relationship between supercritical 
depth and subcry',.tical depth is briefly derived here to clarify 
discussion, 

The assumption made in the analysts are I 

(1) The channel is rectangular in shape with parallel sides. 
(2) The floor Is horizontal, 
(3) The friction loss is negligible. 
(4) Streamline flow before and after the jump,, 

The change of momentum,' see, between section i and 2 
(Fig. 2..1) a pq (V2 V#) where f is mass density and q is 
discharge intensity. 

According to Newton$ a second law of motion#  change in 
hydrostatic pressure must be equal to rate of e.hatge in momentum. 

p q 	.V1)  
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By m+at ing suitable substitution for ?., p2, V1 I V2 

in terms of D1 , Do q end solving for D2 in get the wall kno*i 
exp re8sion # D....w.«.,.«. .. 

	

2 , 	+d9_.4  p. .. 	 2} 
g D 

a yI (Fronde Number) the eq. (2) can be written as 

4UlY 

or 	,, 	t +( 	+8 `. 	...,...........~...w 	.,.~.~.....~.+ ) 

`O OOF JW4P. 
The jumps have been classified according to. 1 roude 

Numbers based on extensive .ve exper .ment s conducted by Bureat of 
Rectatmattoa1 (Fig,, 2.2), For ' 	1, Flow is critical m4 no 
Jump t.e* e s place. 

( 	a I to 1.7., the water surface shows a series of 
undulations sqd the jump is termed as undular Jump.. 

	

i ,} 	1.? to 2.5, a series of snail' rollers develop on 
the surface of the Jump but the doi stress water surface 
reanains south. The velocity is genai'1„ly uniform and 
the loss of energy is poor and the jump is termed as 
weak j ump0 

(Lit) 	F1 ar 2.5 to 4*5k the tering jot ossattlateg from bottom 
to surface and back ag stn with no regular period. The 
jump is formed as oscillating jump.' ,..- 

	

(Lv) 	?1 : 4#5 to g9 the donstream extremity of the surface 
roller and the point at which the high velocity Jet tends 
to leave the floor occurs at practically the sate vertical 
section. This jump is well balanced, least affected by 
tail water 'variation s« The jump is termed as steady Jump. 
The energy dissipation reuges from 45 to 70%. The 



discussion on energy dissipation aspect of jump is done 

leter in this chapter. 
(v) 	F1  : 9 aud above, slugs of water rolling dol the front 

Pace of the jump, intermittently fall into high velocity 
jet generating waves down strewn and a rough surface can 
prevail.. The energy dissipation may reach apto 85 
and the jump is termed as strong jump. 
The limits of the Fa ude number given above for various 

forms of jump are not definite values but overlep some what 
depending upon the local factors. Very little is kno about 
jumps having Proude numbers 16. because if physleal size of 
the jump is increased sufficiently to provide reliable test data 

the jump is too costly to produce and study. 	The higher number 

jumps require large  test facilities. Fast moving water and 

heavier measuring equipment whi+ h are seldom available. 

IGi1I OF JUMP. 

The length of ,dump has not been evaluated analytically 
so far. All the formulae so far developed by various authors 
are emperica]„ based on their orya jet of experiments. The formulae 

given by some authors are given in Table In the last column 
the length of jump in terms of D, for a value Fronde number 

equal, to 6 have been worted out to show the difference due to 
plication of various formulae. 

extensive experiments were carried out 'by Bradley 
and Paterka2  for the length of jump for a good range of Froude 
numbers. The results of these tests have been presented in the 
shape of charts showing the plot between 	an d le The Fig, 2.3 

2 
shows that the value ,,. varies from 4 try 6,.15 for various values 

D2 
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of Fi• The value of £. is greeter that 6 for Froude number lying 

between 5 to 15 i.e. range in which jump gives generally 
satisfactory performance If this value is compared in terms 
of last column of table 2.1 , the 	comes to nearly 49• 

The results of Bradley cad Peteza differ from the 
results. of Bakhmeteff and Mat*e, It has been stated by Bradley 

and Peter ,a that the disagreement in results may be due to scale 
effect as the experiments by B 	hmeteff and Matzke were conducted 
in a 6. flume 4th maximum discharge of 6.7 cosecs and minimum 
discharge of 0*14 ousecs. 

Further attempt has been made to give some rational 
formulas by Richard 8il venter 3who tried to develop a relation 
between p asap eters ..L/D1 , L/D2 and. (L/D2 D1) • 

In a rest t ,ar channel 

* (A4'8 ?. -1) 

1`or ,small wo*,ing value of 'i : 2, */48 Pi 	/ Fi 

x 1.414 (P -1)... ,...,. .«:.~.«.«►....,...( 5 

The author has ' conducted studies on various shapes of 

channels and it is seen. that value of ,D  Vary slightly for 
dif `erect shaped channels' at F1 equal to 2, 

This the general equation can be pat as 
( .l) 	 .... 	 ~r491Mrf~1~►ww~Y~rirri~rrMlr~~ 

Where X is constant determined by experiment on a 



particular channel section,. 	Wht F1 a 2, k. a K* 	The value of 
0L is date z nin ed by the relationship o w 	to 	Vol) and is 
dendent on shape of channel. 	For rectangular Channel of is 
equal to 1.01. 	The author further states that the results of 
experiments conducted by U.S.D.R. indicate that k 	is equal 
to 6*9 ,. 	it this is substituted in equation (5) , that equation 
(6) can be written  ritti as 

~ 9.75 (F, .1) 	1.0 	.b.. 	._. ...._ 	_ 	._ 

This equation gives results Goose to U.8.B.a. Results 
for F1 up to 9 but for higher values of F1, L/D1 is greater khan 

U.S.B„R. values. 
DI SIP 	[t1 IN A FS JUMP, 

The specific energy at section 1, $1 a 
2 

The specific energy at section, 2, 2 

1eiy loss 4a,1 ..132, 	V 2 	 (D2 wD4 ) 
2g 

• ,l,+/,. 	'M  

	

'fç" 
 ` 	,~ ■ ~^~Ifr,~/~ 	M GM 1~1` -- -  (a)

• 

BY simplification did substitution 
F (D D9)3  

2 
The loss can also be expressed as a percentage of 

itfiti al energy 

X100 

After computing the energy loss for different value of 

	

a plot between F j and 	/"8.~ has been prepared by U,b,B.R.1 

and the same Is shown in Fig. 2.4 . From the plot it is seen 
that energy loss varies from 45,E to 70% for values of F,1 ranging 



from 4«5 to 9, 

. Imo! DISSIPATION IN A SJBMAAGAD Jam. 

The loss of energy in a submerged jump was investigated by 
Govinda ao and Raj aratnam5 and according to these authors it has 
not yet been conclusively established that whether submerged 
jump is desireable as an energy dissipator. Smetana has claimed 
that the energy loss in a submerged jump is greater than the 
corresponding free Jump and loss Increases with submergence„ 
The views of Gov .ad 	end Raj rat an defter greatly with that 
of neta. 

The expression for the loss of energy as derived by 
Govindrao and Raj aritnw, is given below. The submergence 
factor La defined as t ~► 

Where 1)4.1 s the actual. tatiwater depth (Fig«2.5). 
ltet lF' - 	, mere D ` is backed up waterdepth due to 

submergence at inlet section. 
The energy at efflux section is given as 

or 	
2k 

Di !~ ♦ 	4 	 s + + i. 	•YMwM~rlw+UifYrYr+rNNlr~ o) 

&iergy at. the end of jump, £4: D4+1 ~ where V4 

is melt velocity at the and of submwrrged jump# 

or 

An oa 7 loss k Is given as 

$1 
 2A 

Lo+5) ~, 4 2~c~+ Dj -- -----Ci'1 
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by sub sti toting 0  
D1 

stmpllt g 

4' 
 

(W - 1f ) ) z 
In temp of P1 and 3 

EL - 	 ?J fig 	h 

Thu a ; 	f (Fi , 8 	.....» .....:..~w..,.~~.... ~....... 13) 

in ord r to verify the eq,(13), experiments were 
Convicted by authors and the values oaf 	were plotted 4th 

theoretical values of 4/&& and the correlation was found to be 

satisfactory. 
PliRFO JN C1 OF BMUD JUG' AS CO .i1) TO PBE JUMP. 

According to Govindarao and Ra3 aratnam5 the energy 

dissipation capacity of submerged jump is seen to be 'more or less 
same as that of cörresponding free jump depending upon the value 
of F, and So 

If v is an tndec of relative energy dissipation then 
it can be expressed its 

en.tjnerged Julep 
L 	.-P,-L-$_.. w 

) fray jump., 

could be more or less than unity depending upon F1 

,d 3„ ¶ varies from 0*55 to 1.25 for the experimental range 

studied by authors ,(F.ig.2 6). The optimum value of 0 for a given 
Pi at which ►~wtU be maximum can be found out by partially 

differentiating eq (14) 4th respect to. 8 and equating it to 
zero The equation so arrived t is complicated and have been solved 
by indirect methods. If So ts optimum value of 8 then it is seen 



that 00 decreases rapid .y from 0«7 to 0,1 as F1 varies Z 
2.0 to 7.0 and remains constant for higher 'values of S. If y~ 

Is m, 4 um value of 	It is seen that 10 also decreases rapidly 

from 2.75 to 1.05 as ?, varies from 2.0 to 6.0 after that it is 

constant fan higher Values of F1 (Fig* 2w7)„ 

The studies by the above authors have established that 
energy loss in a submerged Jump computed above, Occurs in a much 
longer length than corresponding free jump. In order to study 
the manner in 'which energy dissipation is affected by subme ease, 
the energy of the expanding , stream way computed 8t 'suitable 
Intervals. The effeot of submergence on energy dissipation 

is shown in Fig,2.S where $ denotes the specific energy at. any 
distance X'from the start of ,j ai%p It is seen that the fail, of 
energy is retarded/con tinuouslY by the increasing. subme en ce. 
From these studies the authors have draw the conaiuston..that 
submerged jump should not be preferred to free, . jump for , energy 
dissipation purposes unless the submergence factor is less than 
0% for Froude numbers higher than nealty 5. 

In the above paragraphs the characteristics of .hydraulic 
Jump on a horizontal apron have been discussed. The loss of 
energy in a clear jump, submerged Jump and their relative 
dffecttveness have 'been broughtout, The hydraulic jump has been. 
extensively used for dissipation of energy and design of various 
toes ostilling basins have been developed.'. The design 
considerations for different, type of stilling basins and suitability 
for a particular situation have been discussed In subsequent 
chap tars„ 	. 



HfDR I C JUMP ON A SLOPING PR U.  
."W*__~r+wwirr 	i*1+►werrr_~r 

Al the physical laws applicable to hydraulic 
Jump On a horizontal apron ae aL  also applicable to jump on, a 
sloping apron. Only the extra force of gravity of the hydraulic 
Jump body needs be considered fair alysing the jump on sloping 
apron. The jump on oping apron was earliar studied by Riegel 
and Beebe in 1917 , Yarnell in 1934, Rindlaub in 1535, 13ac*meteff 
ad Matzke in 1836, Kindevater made extensive studies in 1942. 
Recently Bradley and Pete a2 have made considerable a aerimental 
studies which are of great value in design of stilling basins. 
The basic characteristics of Jump on sloping apron are discussed 
in this chapter. 
FOIM8 OF Jam. 

There are basically four forms of Jumps possible on a 
sloping apron (Pig«3.1). These are described belo "* 

has®~ s9 he jump .too is just at the junction of sloping apron rs*rwwrts 

with hors.zonta I pron and jump end lies on horizontal. 

GAPS..1Z s The JUMP toe is on slope and the and of horizontal apron, 

The jump toe Corms on slope and the end of Jump at the 
junction of sloping and horizontal apron. 

9ARO V $"the entire Jump lies are sloping apron. 

In the above classifications it is seen that case I is 

Like a jump on a horizontal apron which has been dealt in detail 
in the last chapter* Case III and Case IV are practically the 

same. The studies by above mentioned authors were done mostly 
for case IV# Extensive studies on case II and IV have been done 
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by Bradley and Peteita20 The full significance of the 3tudtes 

of these two cases is de&.t in a subsequent chapter while 
discussing the design of stilling basins with sloping Apron. 

The Jump analysis for case IV has be made by 

Ktndsiatd after 1r. , making the following assumption » 

(1) 	There t s no appreciable curvature of stream lines. 
(it) 	The friction at boundary is negltgibtee 
III) 	The velocities before and after the Jump are uniform* 

(ivy 	There I a no acceleration of stream flow (this  i s not 
true for step slopes) . 

v) 	The air entrainment is neglected,  
Applying pressure momentum relationship and referring 

to Fig, 32, 

?a :t9., (VI oo 	..V2 )«~....~.«....,.....~i..(1~ 
From continuity VI Al s V2 1)2 

2 g 

The pressure P1 and Pa for unit width are 

00 	2 	2 
h~z 

p1 tan also be approximately wa.tten as 

Pi 	__ 
2c0 s 

because the difference due to slope will not be much. 

Pa is the horizontal force, due to pressure of weight 
of the Junip. The experiments indicate that pressure on sloping 
floor is proportional to weight of fluid body on the slope. Pa 
cau be expressed in dimensionless parameters 



Ps a 	L ~47 

According to Kindsiater 'S varies with Kinetic flow factor 
i.e. square of Froude number, 8q(1) can be written after substituting 
the values on P1, P 	,d Ps.  

2 

ar Y p  simplify 	by dividing both sides by  ( 	~ cis 

(\D2 + D1 1 _ 1 s ( Dye + 

ov  

Replacing D - 	_ 

Thus sequent depth 1)2 after the jump can be computed 
pRSJi CQ4FFICIANT. 

If Pn is normal pressure at any point on the slope then 

Pn in equal to y, where y is vertical, height of pressure gradient 
above the floor. If y is the average height of pressure gradient 
over the length of slope " the total normal pressure per unit 
width  

- k7) 

Y L is the area of pressure Diagram sloin by ei crtments 
o be proportional to Jump body. Ps the horizontal component of 

Pa is given by 	_ 	_.._....r........_.__._._,,._ 
Ps Phi Sifl a 1' L  	 8 
from eq (2) and (8) 

b = yI D 

A..ptof.eperimen tat data from tests on I on 6 sop% 

indicate that b is a function of Kinetic flow factor/, . The 
curve In the range of K . s 5 to 5p, is nearly a straight  streight line 



having &u equation 
ae 2,58 1 0*021 k 

The experiments conducted by G.K. !tie&.ox on I on 3 
slope al. ao established a similar relation between 6 and ~. 
He u.tiu'ised the curve of Itndsvater for interpolating the curves 
sh°4 : ; the rel atton sbtp ' between Sand 	for intermediate slope s, 
For 1 p'Fl nt ]. apron the data of Bakhueteff and Mato was 

uti]. iSed. 
Later ai experiments were conducted by Bradley and 

Pete ,, 2 on extensive scale on different slopes. These 
e~cpezd 	tS es'tablishad that the Frauds number has little 
g ' + on r the value of 	which Varies with the slope of apron 

only ' f.tlhe # v .ue of 	was computed from equation (6) by 
b 'tLtuting, experimental values in the equation. The value of 

ft eon0uted by Bradley a td Petelta, indicated striking disagree. 
;'` .men.t itb: the values of Kindsvater and Hi c ox, This may be due 

to the tact. that the Values of S is dependent on the method 
used for determining the length of jump. The average values 
of & for different slopes are indicated in figure 3..3,E 

L M TH OP JUMP. 

The Length of Jump has always been a subject of 
controvers7 between different authorities working on this aspect. 
This controversy persists regarding location of and of jumps 
i.e. whether the end of Jump should be taken at highest water 
surface or at the point where velocity distribution becomes 
normal. According to SteveJ the length of Jump should be so 

chosen that the energy conversion would be completed as 
indexed by the maximum height of water surfacer, in the 

1 
experiments conducted by U. S.B.R. the end of 3ui p was" chosen 



at the point where high velocity jet beg a. to leave the floor 

or at a point on level tatlwater surface just doun stren from 
the surface roil er, whichever was longer. 

The length of jump for sloping apron as given by 
0 

dtevensS on the basis 4formula of B*hmetei'f and Matzka, is 

expressed in dimensionless form 
— ta$ 	.r►,,,,,,„ 	----4 ~. ~ ~,.... ,.. ~.... 10) 

ere 	 and 	D 

The curves showing the relation between J •  and for 
various slopes positive as well as negative, are given in 
' g, 34. 

The investigations conducted by U..3sB.R2 have 
established that length of Jump is a function of Froude number 
and slope of apron, The curves showing relation betwei F1 

Fay, 	for different slopes, have been plotted based on the results 
of • experiments €d are snoop in Fig. 3.5 aid 3..6, A study of 

these curves show that the ratio 	varies from 5,6 to 7.0 for 
2 

various value of slopes and Frauds numbers, The maximum value 

of 	occurs for all slopes bn en Fronde number 5 to 10 
2 

approximately. For lower as well as higher values of Froude 
number , ,t, decreases, 

2 
llevator kt , on the basis of experimental data of 

Uo$*B.R* , gives the following foimulaes for the length of ,jump 

for different slopes in terms of height of jump, According to 

author 	erg 	these are applicable for Froude numbers 

varying from 2,9 to 17.9. 

V 
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31ope, 	 Iiangth - of jump, 

Horizontal 	 ..g (D 	B1) 
Iin2D 	 5.2 (Dh ..D1) 

in 10 	 4. 4 	(D .7 B1) 
1 in 6 w7 	 3.8 	( " D1) 

LA 560 	 3, 	(B' Dg) 
I in 306 	 2.75 	3 . DI) 

;other torniu3..ae for the lngth of jump given by 
So] aRo Vega Vi sohi10 on the basis of study of available 

	

experimental date, 	_ _ _ . 	. 

log Lo a 14, / 1. 1og 1Q '  
where  Lo a 	, Do being the eritia, . depth 

0 

v 	J p  L  ^ 2~ 

	

Pi 	` 	—; _ 	oY X i - F  3 _ ~ r F 
The plot between Le and X1 I. s show. in ftg, a..?. 
The above formulae Is applicable for Value Of Z1 equal 

to 0.10.0070, which is generally the range of stable jumps, 
For Z1 equal to o.?o(?i f.?) the Jump uses its stability and 
length cannot be defined# This formulae is true for values of 
slopes from 0„05 to 0,28, it is seen that this formulae does 
not contain any variable defining slope which means that the 
length of jump 1s Independent of slope. The author; claims 
that the risults computed by this formulas donot exceed by more 
that 5,? % of actual Values of jump length obtained in U. S.J.R. 
tests. This variation is within the permissible range which can 
be expected in experimental results. Bradley and pete&a11 have 
tried to show that the individual results computed from Vega' e 
formulae differ much more from the experimental values than 
claimed by the later* These authors have also pointed out that 
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the 'Vega' a formulae is based on the average curve drai by 
u t3.ising the experimental data for various elopes* This is 
the reason for variation in results computed from Vag a' a 
formulae and the actual values obtained by experiments. In 
view of the above, Bradley and Peteata have questioned the 
conclusion drawn by Vega that length of Jump is independent of 
slope% as the experiments conducted by them have established 
that the length of Jump does depend on the slope* 

r 1AWY OSS IN JIJNP. 
The extent of loss or energy in he'drantic jump on 

sloping apron has been evaluated by Steven 	He has given 

the formulae for both negative and positive slopes of apron, 
Before proceeding for derivation of the expression for the energy 
loss, it is necessary to study the formula a derived by Stevens 
for the solution of hydraulic jump. 

In each case tether the slope is positive or negative 
momentum relationship for unit width of a rectangular channel 
can be expressed as below (Fig. 	). 

For negative slopes (downward direction of flow) 
v °V ~► + 	 i U4 + w &.tc~ _ 	V v,. + 	 ~ c,~~ _ _ 	_ _ _ 

for positive slopes 

where W is the weight of jump body. 	The weight of 

jump body for unit width is given by 

D A 

This 1etg ht has been arrived at by considering the straight line 

profile of the Jump surface. The Jump surface profile has been  
assumed . a straight line and curvature of surface profile is 



ignored as the profile La quite uncertain and not much error in 

weight of jump body is likely to be caused, The length of jump 
has been assumed on the basis of formulae given by Ivenchenko for 
horizontal aprob 

i. e. L g10.6 "" 0 "~ 985(D~  
In the above expression 	a ' ',Tf Z r then eq (13) ce~a 

be w tt as 

2' 	8 t y 2D~''~ 	r►w+rrr~raw~Ma..Mr+r~r+ur+rwr.M4.~~ 13a) 
E 

Oub sti tuting eq (13a) in eq. (12a) and(12b) and simpli fying 

C V, 	V2) L (D .. ? a cos ± sit  

where m a 93. 	and positive sign to be used for upward 
slopes and negative sign for do ward slopes, 

Putting K a 	- 	and J w 	d substituting I 
in eq (14) and using continuity equati, 	q a 1̀D 	2 ~2 , 
the equ ation can be written as 

( ` co 	+ 1) 	# 	,.,~. 	ii........w,..,...~'15) 

The final depth Lis given-by. -_ 
IM1 +/ . 	 . * i 

	
iM!l.( Y{„Z 

The loss of ene y in Jump e&A be expressed in two ways;-

apecific anerY loss with reference to bed of st eam. 
(2) Geodetic energy loss i.e. r .th referennne to horizontal date, 

Specific iexgy Las. 
~Yliw~i+wiMw+NlQr4w~!•r.r irrllw w.iwflAi 

The specific energy equation is given by 

" 	___ 	44 D   00 40 	r j 	I a 	rw rrw+srurwr.r+rrrwa~rar 

where Is 1s the specific energy toss in jump, 

if Is is expressed in terms of initial, poteential energy, tit 



Substituting this in eq (1?) 
IL vim 	 _ ~ti.._ 	D= 	~s- - _ -  

} 

This equation can he written in teens of K arzd J as below 

K 	 + I.►s • 	 18 

e&enitnattng K using eq (15) atud eq (18), £4s can be it 
written as  

fl  	9 .4Jco4f 	4J cosO 
For lava . _, ron j$ a 0 and equation (19) reduces to 

Geodetic ,VteZ y Loss. 

Iet the plane of reference be horizontal plane passing 
through the bottom of DI for positive dopes and at the bottom 

of D2 for n attve topes. The geodetic eneiy equ a .on for 
positive dope Is 

co 	. !L. D2bco ~_- (14 sinØ+ Ig) ..1Is.1( IDa) 

for negative dope 

14. 	
2 

sinP+J'1 	S O+ 	D 00 0 . V + 1g 	........( 2Db) 
9 

'Where Ig a; Geodetic energy loss's 
Substituting the value of 14 in terms of (D2' ..)1) 
i.e. 14 * m(D2' -W DI) In eq (fib) then 

(Dui DI) co -r- m (P2'..D1) striØ +I9 i. ~..( 21) 

o( 
 

1 1  , 

+ D
z 



Substituting Ig, in terms of initial potential efleigv 

i.e.. ;g : 	and putting in terms of K, we get 
DjCO 

K.
J (1±  üi ti) - 	 22 

e~. in sting K with help of eq (15) 

L ~.... 	1 m tn).,__ 	._( 
4Jcos 	

; 
±when .. 0, the eq (23) reduces to S8. a ( 	) 3 ,»..,( 23a) 

For any value of K, J can be found out from eq (18a) 

and kno4ng J the value of 11g can be computed from eq. (23)., 
Ig can be determined by multiplying .tg with initial potential 

energy. Ic case of jump on horizontal. apron the specific enemy 

rose end geodetic energy loss are obviously one and the 'sam.s 
which is also clear from eq (19a) and eq (23a), 

The geodetic energy loss can also be expressed as 
percentage of initial energy 

%1053g 	 (24 
2g 

substituting £ 2 4 	i.e. length of jump interms of 

initial potential energy and Ig in terms of Lg 

loss a 	 ,mac° ...x 100 

	

.D1. cog Ø 	+D . 0+4 U cOSO 
: 

sir 14K 
Fig. 3.9 snows the plot between :J and percentage loss 

• `.in terms of initial energy for different slopes. It is seen 
that percentage loss Increases for a given height of jump as 
negative slope: dimLnishos. The fact that percentage loss varies 
with slope and Lineticity' K is shear from 'ig. 3.10 which shows 
the plot between percentage loss aginst apron slope for various 
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values of K. It is also seen that the apron with negative 

slope of about o.o ► is slightly more efficient than a 
horizontal bed in dissipation of initial energy. 

Kindevater 12  has pointed out the formulae for the 

length of jump adopted by Stevens as given by Ivaaoh.e o to 
for horizontal apron. The length  of Jump is dependent on 

slope of apron„ . Secondly the a8sWflpttOn that Jump bodyshepo 

is a trapezisAfor evaluation of volume of Jump body, result 
In inaccuracy*  According to Kindsvaterl  results computed 

with the above assumption were va ry much different from 
experimental results. Kindevatert  therefore believes that the 
variations in results computed from Stevens analysis and the 

experimental results,, t,s largely due to above two assumptions, 

STJDIS OW JUMP FOR p, TSLOPINO AD PART HOER i'TAL ,iPRi. 

The .studtee about jump when it lies partly on sloping 
and partly on horizontal apron, were carried out by Bradley 

and Petea a2  , It is observed that jump front move up the slope 

when tatlwater Is increased. The vertical movement of Jump on 

;,ape is many times more than the increase in tatiwater 
depth (Fig. 11)p This trend continues till the tailwater 

depth approaches 1.3  times the Sequent depth. Further increase 
in tatlwater depth results in movement of Jump front in 
vertical direction equal to change in depth of tallwater. In 

case of Vron slope being very flat, the horizontal movement 
of the jump front is even more pronounced. The experiments 
conducted by above authors were confined to slopes venting 

from 0..Qb to 0.30. The authors have prepared charts shoving 
the plot between dim nsionless par eters f/D2  ag sin et 
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for different apron dopes (Fig; .12)x. These charts show that 
various lines representing different slopes turd to inter sect 
at a common point where Lid 	are 1 id 0.92 respectively.. ~w 

2 	1)2 	 I 
The change in profile of Jump at it moves from horizontal apron 
to sloping apron is evidenced by the curved portion of the lines. 
These charts are very useful in the study of tai .water requireme tts 
for the formation of Jump on different apron slop 

A formula has also been developed by Solano Vega 
for determining the tatiwater depth for the formation of jump which 
l .es paritp on sloping app and partly on horizontal apron. Thi s 
is given by  

D2 	L no a c~+D2 ( i- L ) 
• L 

where 	D2 x8equent depth when whole jump forms on fully sloping  
ap ron. 

p Sequent depth when jump foams on horizontal apron. 
Q 

length of jump on sloping portion of apron, 
The above formula can be expressed in dimensionless form 

by dividing with Dc (on U.aa. depth) 

I W _ p ~' x Q X 34) }- D2 ~ ► _ C ~ 
D~ D~ 1  L 

The plot betveaa 2 and Z1 is shown In Fig,.. 313. The 
author claims that variations in tailwater computed from above 
formula and observed values on morel tests hardly differ by 
4.1. 

As far as the ene 3gy dissipation characteristics of Jump 
on part sloping and part horizontal apron is conce ased., it appears 
this has not yet been specifically studied. Rovever.it may be 
added here ghat the„ stilling basins ut listng .hydraulic jump 
oz part sloping part hori zon t at apron, have been use extensively 
and the performance have been quite satisfactory,, 



In the eve paregrsphs an attempt have been made to 
discuss the various elements pertaining to hydraulic Jump on 
sloping apron and on part sloping part horizontal apron* The 

application of above discussion for the destg of stilling basins 
utilizing hydraulic Jump on doping apron as means of energy 

ssipation#  is dealt in a sob sequ it chapter, 



Various types of energy dissipation arrangements below 
dan spillways have been developed depending upon the hydraulic 

requirements. The main types of energy dissipation arreng9ments 
may be lasstfted under three categories as below*.. 

(1) 	RydrzlLO Jump stilling basins. 
( 2) 	Roller buckett stilling basins*  

(3) 	&iump and Tra3ectory buckets. 
The selection of spy particular type of stilling basin 

4eflda upon the site conditions  viz. topography, foundation strata 
id hydraulic conditions. perhaps the most import it factor which 

affects the choice of energy dissipation arrangement is the hydraulic 

conditions at e.particular site. In the following paras these 

conditions at as well as the choice of particular type of arrangements 
for energy dissipation have been discussed. 

T1 

 

LWATR AND JUMP GH2 MAU(*8HIP. 
The study of tatlwater rating curve and jump height curve 

is most important for choosing a particular energy dissipation 

arrangement'. In all, ,five condi Lion s (Fig. 4.1) may define the 
relationship between the depth required for the formation of Jump and 

the tailwater available downstreat of the structure • In the whole 
discussion the Jump height is considered with reference to Jump on 
a horizontal apron, 

Case I I When the tat1wter rating curve coincides with the jump 

height rating  rattng curve. This is seldom possible is actual 
cases. In this cease the Jump will form for all range of 

discharges, 
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cp t In this case the jump height rating curve is always 
higher that tatiwater rating curve. As the tailwater 18 
less than sequent depth required for the jump in the entire 
range of discharges, the Jump will form far dounstresn. 
The stream bed will got scoured till, sufficient depth is 
available to permit Jump formation„ 

Case 3: In this case the jump height rating curve is always below 
the t ail water rating curve. This condttion will cause  
the jump to move upstream and submerged jump will result. 

It has already bow discussed in Chapter 2 that the. 

submerged jump i s not as efficient as. a free,, .ump front  
energy dissipation point of view,, The scour 411 take 
place dostren of apron as flow with high velocity 
travels do stream; 

4  s In this. case, the jump height rating curve is higher thani 

tatlwater rating .curve at low ,raga of discharges but is 
at a lower stage for high range of discharges&  This will 
result in movement of jump position• towards .do stream 
for low discharges ( ease 2) and movement of jump towards 
upstream with a tendency to form submerged , jump for 
high dt scharg as  ( case 3) 

ei This is reverse of case 4 i 4  e, the jump height rating 
curve is lower than tatlwater rating curve at low range 
of discharges. but at a higher stage for high range Of 

discharges. This 411 result In movement of jump towards 
upstream with a tendency to got submerged at low range of 

discharges, aid the jump will move towards dotsstrears 
side at high range of discharges. As the Jump has .a. 
tendency to move towards downstream . side at, high. di,schar. 
•g as , the bed will get scoured, 	. 



In the cases mentioned above the effect of variation 
in tatiwater on the movement of jump has been broughtout. Since. 
the design of stilling basin is governed by taiiwater rating 
curve, any incorrectness in, tsilwater rating carve will greatly 
affect the perfomance of stilling basin and may even make the 
basin ineffective, In order to ensure a satisfactory 
perf4liflence: of stilling basin, tmost care in determining the 
tatlwater rating curve should be exercised, 	l the factors 
uhtch affect the taitwater and are ,likely to affect it in future 
mill have to be considered. 

The t ..water stage discharge relation at the structure 
may be affected by possible retrogression of the outlet cher►nel, 
river +fi e, and donstrean projects etc. In streens *itch 
carry sediment, the construction of structure across the stream 
results in retrogression of levels doenstreaia of the structure, 
This tdces place because water released through the structure 
is comparatively free of sedi cen t charge and i t picks up the. 
material from the bed. of stream causing re rogresaioa in bed 

levels which ultimately leads to lowering of tatiwater level.. 
This possible reduction in tatiwater is required to be evaluated 
in advance and accounted for while preparing t „.water rating 
curve* 
DD.&GN DISCH ar FOR STILLING BASIN. 

The knowledge of design discharge which a stilling 
bad has to Cater for#. is essentialfor its design,. For flood 
control projects,  the designed discharge can be evaluated from 
hydrological studies and flood hydrogrsphs of the natural stream., 
The discharge in the stilling basin comprises of discharge from 
the overflow spillway as well, as discharges through the outlet 
sluices If these are located in the body of spillway. The 



discharges from large store reservoirs are matnl.y governed by 
do stren. requirements and irrigation deia ds, 
WIDTH QF ILL G B asiN.. 

The A th of stilling basin Is fixed from 'hydr to as 
we .l as topographical coat ,deration s. The reduction in AM 
of stilling b as n increases the depth of the b stn.' Sometimes 
topographical,  features ua r favour iaU width of basin. In 
determining the final width of basin, It has also to be 
considered that the uplift pressures on floor slab as repres ted 
by the difference in depth before and after the jump$  are not 

excessive. 
CHQIO O1 PARTICULARBPS OF AG1 DI8TION mRT.. 

AS already stated ear i ar the choice of a particular  
basin is gieratly determined from hydr lic, topographic, 
geological and economic considerations. Out of which the 
hydraulic con sidera ion i.e. tai3.water and jump height `relation 

ship , is the most dominant factor, The choice of ,part.cualr 
;rrgerma is for different cases of jump height and taliwatar 

relationship, are discussed below. 

In Case I , the choice of stilling basin naturally 
fails on hydranito jump type stilling basin with horizontal 
apXOfls  as the jump forms for all range of diecba es. 

In the case 	the tall a er is deficient for all 
• rye of discharges eau stag ti' jam to move towards- donstren  

resulting in lot of scour in bed, The jump formation.. . the 
stilling ba n can be ensured by suitable megsurós to ni*e up the 
t iwater deli.ciency,. The possible arrangements are x 

The depression of fl..00r' at the start of basfl. This 
will. ensure the start of Jump near the toe of the dam, 

end the Jump body in all eases 411 lie generallyin 
the basis. 



fuel laron CAP be ltably, lowered below the stream 
bed to .sure formation of Sump. 

( 	The, construction of a low secondary, dam down stream of 
main daup will : increase the tatiwater depth to ensure 

the Jump formation.. 
The ski, unp or trajectory type of buckets c* be usefully 

adopted In such situations where tajlwatr is not sufficient for 
the formation of Jump„ This type of bucket throws away the Jet of 
water in the air which stthes the river bed at a good distance 
downstream of structure, This type  of arrgønit I Is very eoc no 
.»mical as compared to hydraulic jump stillingbasin. GAty 
consideration for this type of err g' oat is that the bed 
material should be Composed of fairly firm ro& 

In case 3, were the tat1water depth is more then the 
hydraulic jump requirements for all range of discharges the Jump 
has a tendency to move upstream. The jump formed is of submerged 
type which results in inadequate•dissipaticam; of eenergy. The clear 
jump at all di sdharges can be ensured by providing the following 
arrangements* 

3 	1A apron at suite elevation above the river bed wifi 
ensure the formation of free Jump.. 

i 	A sloping apron above the river bed level will ensure 
formation of of i.cient jump at all rages of discharges. 
The- start of Jump front will adjust itself along the 
sloping app d4pefding upon the requirementof tatiwater 
for the formation of Jump,,, 
The other type of energy dissipation. arrangements : sed 

in such Cases, are roller buccets. The roller buckets may be 
solid type or slotted type„ The slotted bly&ets are used where 
the material of river bed is likely to be sucked inside the 



bucket as a result of ground roller action. The detailed 
discussion about roller buckets is covered in a subsequent 

chapter. 
1$ the case 4 the t atl water is inadequate for low 

rapge of discharges while it is in excess at high range of 
discharges. This results in moving the Jump dowx stream at low 
range of discharges. White at high range of discharges, the jump 
has a tendency to move upstream and submerged type of jump is 
likely to be formed. The submersion of jump at high range of 

discharges will cause inadequate dissipation of energy and the 
flow will have high velocities after it leaves the basin which 
wil1 result in . scouring of river bed,; At law discharges} river. 
bed ,s also likely to get scoured, as the Jump has a tendency 
to move towards dow~t stream. In order to ensure the formation of 

clear jump at all stages and to control the jump position within 

a certain range, a sloping apron starting from higher level and 
ending at a Lower,6 level th&p the river bed level, is required to 
be provided. i.be position of start of jump will must itself 
along ths' sloping apron according to availability of tail water. 
The jump will form on sloping apron portion above the river bed 
Level at high range of discharges and in apron portion below the 
river bed level at low discharges. In this case a combination 
of part sloping and part horizontal apron c n be used 4th 
adv tag a 0 The part sloping apron will start at a higher level 

and will and It a lower level than the river bed level$ followed 
by horizontal apron. This type of arrangement is more economical 
than fully sloping apron, The detailed discussion about this is 
done in a subs quent chapter. 

In case 5 9 the tailwater depth in in excess of jump 
requirements at low range of discharges while it is inadequate 



for high range of discharges. This will result in movement of 
jump towards upstream side and Tamp will get submerged at low 
discharges while at high range of disch •eo the Jump ill shift 
towards: downstress side causing a lot of scour in river bed#  In 
this case the later situation is dangerous as the di sch aig e 
intensities will be quite high resulting In severe scour while 
submersion of Jump at law discharges will not create much problem,. 
The provision of a similar type of sloping .sp ron or part sloping 
part horizontal apron as suggestsd in the previous case, will 
asuro the formation of clear jump. The differencewill be that 
the jump 411 form on the, sloping portion of apron above the river 
bed level at low discharges while it 411 form on the lower portion 
of ap rc n at high di such arg es 

The provision of sloping apron below river bed to provide 
necessary depth `or formation of jump, may involve huge quantity 
of excavation, in such situations a high level skijtrnp or trajectory 
type of .W.c .et may be more economical provided the bed consists 
of fairly good rock,, 

In _ some of the cases discussed above the jump height curve 
may differ greatly' from, tatiwater rating curve, The jump height 
rating cuzve c be made to ag ree o .o eely with tatiwater rating 
curve s  by proper selection of. 11.w crest length provided 
other considerations permit. The r,ah tge in crest length may result 
In increased cost of crest gates spillway portion or other features 

i 	 4 

of dam but this might be more than offset by .! duction in stilling 
basin cost. Therefore it is always desireable to examine the 
proposals of energy dissipation ,arrangements from this point also„ 

The entire discussion on hydraulic Jump id categorising 
them into eases 1,  to 5, presupposes that the discharge is uniformly 
flowing over the entire length of the spillway. This is only 



possible when the crest is either uncontrolled or the gates are 
so operated as to lift equally in all bays. Such operation of 
gates is hardly possible In actual practice. Thus there is 
considerable limitation to this In practical operation for 
crest controlled spill way. 

The above discussion mainly deals with hydraulic design 
considerations for different types of energy disstpatiot. 
srrshg emeen t s and choice of particular type of srr g emsn t s„ In 
the subsequent chapters, each type of energy dissipater is 

-discussed In detail.. 

0 
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The stilling basins, utlisLng hydraulic jump as energy 
disliptor, have been used on large scalea throughout the rld. 
inspite of this) it has not been possible to evolve standard type 
of deserts for such basins as the designers have differed on many 
points e.g,. length of basin, permissible variationn in tailwater 
depth, use of appurtenances such as chute 'lode, baffle piers and 
and All eta. The design of stilling basin involves many factors 
fah ,ob cinot be evaluated fully* ifowever such important factors 
which 	tjy inZluice the design of stilling basins are 
described here. 
FACTORS , ' 'LCTINGa DIGN OF STILLING BAS[. 

According to Prog ress Report of Task Force Commi ttee16, the 
main factors affecting the design of basin's particularly shape and 
dimensions are as below;. 
(1.) 	Absolute size of structure. 
(Ii) Frequ n cy of operation. 
(III) Durability of river bed dorrlstrean of stilling basin. 
(I V) Use of appurtenances  such as chute blod s, baffle piers 

and 4cid sill etc. 
The size of structure and the discharge hith requires to be 

handled, greatly affects the design of stilling basin„ When the 
structure is big and important, no rim can be taken and ample 
factor of safety in design is necessary while insmall structures 
some calculated risk c be taken in design as forces involved 

are shall and repairs can also be effected if necessary. It 
is imperative to know the range of structure sizes used to develop 



a dimensionless design data before it., can be anpiied in a 

particular ease. 
The frequency of operation has a great bearing on the 

design of stifling basins. i. greeter factor of safety is 
necessary for structure which operate frequently or continuously 
as carrying out of rep as  repairs may be more costly than providing .  an 
adequate factor of safety in design, In structures which 

operate rarely, repatting bay be more economical than provision 
of expensive design in the begin .ng tntse3.f. 

The durability of river bed, many times effects the 
provision of necessary length of basin,. If the bad materia' 
cannot be eroded easily,, the basin of shorter length can be 
provided as compared to the basin where bed maters al consists 
of loose material such as sand and gravel etc. No rational 
relationship between internal velocities,  In the Jump and their 
effect on heterogeneous bed material,, has so far been establi shed. 

ly guide in these cases is model studies and past experience 
on similar structures. 

The use of other appurtenances such as chute blocks 
baffle piers and end sill can be helpful in reducing the length 
of basin. Baffle piers,. unless streamlined excessively, mfr a 
the Jump action towards upstrean portion, promote stability,, 
reduce wave heights and prevent early jump sweepout if ta.lwater 
depth is inadequate for 3urnp format on o  Chute block also help 
to prevent early sweepout and stahil ,se the Jump position and 
action, The Task Committee is of the #5pinion that these when 
used atongwitb end sill may reduce the basin length by one third. 
The baffle piers are maximum effective if they are square edged 
and are placed at 1.. 5 times the sequent depth from . the start 
of the basin, 	wever tests have also indicated that baffle 



piers produce cavitation if the discharge intensities exceed 
O Busses and velocities exceed 9p to 50 ,ft/see. The higher 

velocities may be allowed provided discharge intensity is less 
that O cosecs. Thins the use of baffle piers is United. The 

detailed discussion on the use of appurtenances is given. later 

in this chapter. 

D WIN OF STILLING BASINS. 

The stilling basin may be designed with horizontal 

apron, fully sloping apron and part sloping part horizontal, apih. 

The horizontal xd sloping apron are used depending upon the 
hydraulic requirements as discussed in the last chapter. In 
this chapter the design of stilling basins with horizontal apron  
only is proposed to be discussed. 

The jump on horizontal apron insures slightly better 
dissipation of energy than sloping apron provided tallwater 
depth required for formation of jump is available at all range 
of discharges. The jump on basin 4th horizontal apron is very 
sensitive to tail water variations. A slight deffi e , eft cy in 

to lwater may cause the jump to sweep off the basin. As 
already stated earliar the problem of deffiet ey in tallwater 
to some extent eaP be overcome by providing stilling basin 

appnrteA *ees.. 
Classification of basins with horizontal apron has been 

attempted by U.a.13,R.1  depending upon the discharge intensity 

and velocity Involved , The arrangement of appurtenances in 
the basin as well as the dimensions, also vary according to 
discharge intensity and velocity, ilevatordt9  has also 

sigested the shapes of basins similar to above 4th some 
difference in dimensions depending upon the discharge intensity 



and velocity in the basin. 

bergth of basin. 

Basins are seldom designed to con t .n the whole length 

of Jump on the paved upc= apron as this will make the basin very 

costly* The purpose of energy dissipation cau be accomplished 
by providing shorter stilling basin 4th installations of 

suitable appurtef..aaoes„ 	peDLmenta1 studies conducted. on dump 

characteristics by Rouse, Slao and NegaratnX17  indicate that 
major portion of energy loss takes place in the initial 50 to 
60% portion of length of jump for moderate value of iroude numbers, 

The redistribution of velocities occurs after majority  of loss 
have o cc ured,, This is also clear from Fig, Z.8 (Chapter 2). 
where the effect of submergence on the fall of energy in jump 
is shown, that major portion of energy loss takes place in the 
initial half of jump length#  

The condition of bed material at so affects the leng th of 
basin,, The scouring of river bed can be reduced by providing and 
sill. The length of jumps for various types of U.8.B.R.. basins 

are shoos in Fig, 5.j. It is observed that Basin type I (without 

appurtenances has jump length as 6 times sequent depth' for 

medium ragge of Froude numbers. For type It Basin in which ohut* 

blos and end sill are a sedt  the length of jump is 4 to 4#  3 times 
the sequent depth. In ease of Type III Basin which has chute. 

blocks, baffle piers drtd and sill, the length of Sump varies from 

2,4 to 2.8 times the sequent depth depending upon the Fronde 
number. Thu the length of jump gets reduced by 1/3rd to W3rd 

4th the help of appurtenances which i s very signi ft can t. The 
details of Basin Type II and Type III are short in Fig, 5.2 and 
5I., respectively, 
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A.evstorskO recommends a length of 5(D2..D1) for basin 

where the chute blocks a d end sill are installed (Pig,5.,4) , In 
case of basins which have chute blocks, baffle piers. and end. sill 
(1'igib.5) the length recommended is 4,b (U2-U1). 

The following table shows the eomparision between le h 
of basins of U.B.B.R, type and suggested by levatorski, 

iM M Mi 	IOW 	Mire 	.Y 	r 	Iw 	M 	irs M m 	Iw fw - M► 

Long th of stilling basin. m 	w. 	r 	- 	w 	i 

UI low 	.~ 	ft 	ft M 	- 	'M 

I~ Basin with 
1N M ft f M M 

chute blooms 
M 	Ili/ 	- 	.Y 	" 

Basin 
M' YI !! 	A Yf 	U M - M ft 

4th chute blocks 
a2d end sills. 9 	Baffle pier and , end sill, 

Y ~Y 	lu 	IM 	FT M 	M M ~ 	F► rlr 

.dlevatorskt 
11 Y 	lin 	M 	N~ 	• 

U. S.B,R. 81evatorct 
- 

. U.. 
type. hypo II. Type* TYpe~ III 	.. 	. 

U. 	liM i 	U. 	U. U. 	!lu . M! 	U. U 	M 	m 	M till 1iu. 	M 	_ 	.~ 	AY 
M+ 

1 	1~ 	1! ~Y 	~w 	1Y 	r4 M 	MAO • 
« 

4 8 D1 18,8 D1 •• U. 

6 + .o ►D 32.0 D. 31 *5 D1 . 18.8 B1 
8 10,8 49. D1 45.3 DI 44,0 D1 29•6 DI. 

10 *3,7 63,5 Dg 5,0 D1 57,0 D1 37..0 Dj 
U. it 	- 	IYo U. 	 — Y -. - - i - w M - - ar r w * - 

From the above table it is seen that length recommended 
by ilevatorUi is 8 to io more than the U.S.U.R. in case ( 1) 

I;d 50 to 60% more than U.$.U,R. in case of (Li). the dimensions 
of appurtenances used in basin also differ slightly.' It has 
already been stated ear.tar in Progress report of Task Force 
Committe$16 that the use of appurtenance reduces the basin 

length by one third. Thus there is marked difference in the 
recommendations of various authorities regarding reduction ii$ 
the length of basin due to installation of appurtenances,, 

purtenanoes used iri'Bas.ñ, 
M - U.U. U.U.U. wrwrl M►M *—U.4M-60ft MM~flf 

The appurtenances used in the basin are chute bi co 
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baffle piers eAd and sill. As stated earliar the use of these 
helps to improve the performance of stilling basin, These help 
in stabiltsing the flow$  in increasing turbulence and in 
distributing velocities more evenly throughout the basin„ The basin 
length can be reduced as mentioned earitar and it can function 
with lesser tailvater than required for the basin without  
ppartea an cea. The extent of tailwater di fti cien cy which can be 

permitted in various 8,B.R. basins is show in fig #  5.60  it 
is seen. that the maximum dtffteienay in taid.water depth is per* 

missible in case of Type III Basin. 
The functions• and dimensions of each type of appurtenances 

used in basins are discussed in following p arcs. 

These are provided at the entrance of basin to increase 
the effective depth or entering stream to breakup the flow into 

numerous jets and to create turbulence -required for energy` 
dissipation* The blocks m e the jet lift off the floor ;t d 
thus shorter basin length is possible, The provision of chute 

blocks may not be destreable when the streams carry large nount  
of debris and sediments as these may dat ag the blocks by impact 
and abrasion, The general dtmensions dimensions of abuts blocks according 

to 	practice  are shoi in Pig , 5. 2, 5.3. The dimensions 
recommended by ►le vator t9  are .shot in Pig. 5.4 and Fig, 5.5. 

These are provided in basins to stabtit se the formation 
of 3wnp and to increase the turbulence thus helping the en ,y 
dissipation when the discharge intensity is low, According to 
P .evator i'9  baffle piers help to compensate slight difficienoy 

ID tatiwater and duringflow of high intensity assist in deflecting 
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the flows away* from the bead of river. The basin length also 
gets reduced as stated earliar. It is seen from Fig,, 8..4 and 
5.,5 that the use of baffle piers causes very little reduction in 
basin length as far as Sievato si basins are concerned, while 
in case of U.$.B.R. Basins (Fig, 5.2 and 5.x.3) the reduction is 
quite significant. 

The permissible difftelency in tailwater can be evaluated 
alyti cally by using momentum equation. The final equation as 

derived by le ° atorski9 is expressed as 

where p forge exerted by piers. 

b E 4dth of basin, 
Dp ; Depth after jump, with baffle piers. 
D2 : Sequent depth without baffle,  

r Kinetic flow factor. 

• If P is known in the above equation then D can be 
evaluated., P can be determined by means of 4,1rag eqt ation. 

9bfA~ 
2 

mere cb » Drag coefficient of baffle. 
A z area of biods. 
f 	ass d-en si ty.. 

• U . : Velocity. 
The value of Cb can be determined from model studies 

in.. the laboratory for p arttdul,ar shape of piers and spacings. 
The spacing and other dimensions of baffle piers are 

on in figure 5.3 for i.8.B.R. stilling basin type 111, The 
dimen sion s recommended by Zlevators s.i9 are shown in Fig. 86. The 
U.S.B,R,1 studies indicate that height of baffle pier R varies 
from I to 3.6 times D1. for Ir©ude number ranging from 4 to 1-8 

(Fig. 5,.7) while ►le vatorEke recommends li3 equal to 2,5 D in 
all cases. Baffles of other shapes have also been used such as 
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triangular shape. Recent experiments conducted by PtUai and 

Unni 18  have Indicated that wedge shaped baffles with 12)°  angle 
at upstream nose gives the minimum length of Jump. The results 

obtained by them for F1  equal to 7,85 , are given below#  
Mo — — !F i .f MR .. III ,. of — WM 1W' .. ,. «. .,F — — AIM .. WI .. MM .. 	.. ». fM .. 

Angle of Block. 	Length of jump,, Rema*s. 
w 

600 	 56,0 Di 

900 	 3i .5 D1 

12Q 	 27.0 D 	 Leas$ value 
180° 	 36.0 D1 

From the table 5.1 it..is seen that for F1  equ.el to 8 the 
U.S.B..R. Type III Basin given the length as 28,5 Dig► 	Thus it 

is clear that the least length  cif Jump with 12p0angl a of block 

is only slightly less than that. of U.S.S.R. Type III basin. The 

above authors also, c aim that this shape of blocks reduces the 
chances of cavitation. &rther they have also Indicated that 

energy dissipation improves if the blots are placed nearer 
towards the begining of Jump than the distance recommended by 
U. S.8.L. (Type III basin) * ' The authors have not indicated any 
definite distance which will give better dissipation as the studies 
probably were not then conclusive,, 

According to Sievator:ski9  the spacing of baffle blocks 

should be such that they should occupy 	to 55% of stilling 
basin width. If these occupy too much area,  sufficient water will 
not flow in between the blocks and they All tend to act more and 
more like a sill than individual blocks. 

The provision of baffle piers have many advantages 
discussed above, even then as stated earl tar the use of these is 
not favoured by Task Force Committee16  and glevatorski% where 
discharge intensities and velocities are greater that 200 en sec s 



and 40..50 ft/see. respectively as these are likely to cause 

cavitations 
It has been stated above that the use of baffle piers 

is not favoured where discharge intensities are greater than 
200 cusees because of cavitation. It has not been explained 
how the discharge intensity affects .cavitation. Normally a 
I.gber dtschaige intensity will have greater tailwa,ter depth 
which will result. in more hydrostatic pressure on the block. 
This will have the effect or reducing the cavitation. Thus the 
idea of limiting the use of baffle piers upto a particular 
discharge Intensity does not seem to be beyond question„ 

These are prbvidad to lift the flow off the river bed and 
create a back current which causes bed material to be transported 
and heaped up ,against the back face of the fill. The use of 

and sill also stabilises the flow, deflects the current from the 
river bottom and helps in performance of basin with %less tailwater 
depth. The and sill may be vertical,  stopped, sloped or den t ated 
wall provided at do n stream and of the basin. Some of the 
prevalent shapes are shoe in dig. 5.8. According to Slevatorsk ll  
the Rabbock dentated sill is the most efficient type of sill. 
The standard U.3„B..R. and sill consists of a solid and sill with 
upstream face as 2i1 and do rtstream face as vertical. The studies 
conducted by U,8.B,R3 have also established that 	where H4 
is height of and sill, increases with Fronde number (F ,x.5.7)., 

The height of sill is quite important dimension as far as pertor.r. 
«man ce. of basin is concerned, If sill is not high enough the flow 

may pass over the sill as standing wave or swell and the purpose 
of providing sill, may not be realised, In case the sill is too 
high 9  a violent roller will set in motion, which will draw 



the bed material in the basin. Therefore dimensions of and sill 
should be decided - like other eppurteo.aicss after conducting 
model studies. 
STILLING 3A81N WA1L8 

The design of basin walls depends upon the she of 
basin channel. The basin channel may be rectangular or traps,- 
..zodial. 'According to Sievatorski9  the model studies have 
established that vertical or near vertical walls provide better 
flow conditions in basins than the sloping walls. The sloping 
walls are more economical to construct but poor performance of 
jump wtl1 offset the economic advantage. 

file top of side walls are so mixed that maximum designed 
discharge is contained in the basin with sufficient free board 
to allow for spray and air a eei+rainmen't of turbulent water,* 
The free board recommended by Slevatord i9  for rectangular 
channels is as below. 

- !.► — — rr CMS ; - w 	— - 	- — - - - .fir r - w  
 

Discharge Q 	 - Free board .n Ft. 
•► - w 	 Ow 	w a 4r ` W W qr - - - r r ar r A11r w aR - s w 

	

a i 	100 	 2 

	

1O0 	300 	 3 

	

500 u► 	 1000, 	 4 

	

5000 	10000 	 6 

	

14000 .. 	50000 	 B 

	

50000 	'i0©0, 000 	 10 
1, 90,000 ;mod a 9  above. 	 1/3rd of sequent depth. 

The side walls can be reduced in height when basin is 
confined by good rods. 

In the above recommendation for fixing the free board 
Slevatorski has related the free board with the total discharge Q 



which does not seem to be very rational. The free board should 
have been fixed on the basis of intensity of dt sh tar8 a rather 
than total discharge. Re has also recomended that free board 
should be 10 ft. for discharges ranges of 503000.4,00,000 cusecs, 
and 1/3rd the sequent depth in case of discharges greater then 
1,00#000 cusecs. It is not explici" 3 as to what amount of free 
board be adopted in last range of discharges it the 1/3rd se gout t 
depth comes out to be less than 10# • The minimum free board may 
be loft* in such cases. 
mffect of Air r itrainmit. 
;rr+ra.,n.. ~r w„w r w ar r r. r.r w wr r• r w w. r.yr 

According to Slevatorski9 the effect of air entrainment 

upon the depth of,below spillway should be accounted for in the 
case of high spillways. He suggests that depth of air entrained 
flow can be obtained from curves developed by Gumeny1 	The 

discharge intensity and actual velocity should be know before 
using these curves (Fig,s..9). The actual velocity below- a 
spillway can be found out by the usual formulae V, 0 1f1 , 

There HI is the total drop from head water energy gradient to 
water surface at the point under consideration,, less friction 
losses which are determined by Manning' s formulae with rugosity 
a .008 to 0.011. 0umensky has indicated that air entrainment 
only affect the horizontal hydrostatic water pressure acting on 
the jump and the hydraulic jump itself  I s little affected. This 
means that the jump elements will not be so much affected as to 
require consideration in practical oases. Hence for practical 
designs he suggests that actual velocity and net depth of water 

pout. air entrainment nment should be considered in jump computation. 
The effect of air entrainment should be considered tle fixing 
the height of Tr fining walls* 



BRIE' DISCEIPTION OF STANDARD. STILLING BASINS. 

The design aspects ct stilling basins have been dt scut. 

~.ssed above* In the following paragraphs the standard type of 
stilling basins used below spillways which have been developed 
after experimental studies by various authorities are discussed 
briefly, 

s.AJ. Basin. 

This basin (F g,51.14) was developed by Dl Lsdell21 and 
according to him it , istssuttable for Kinetic flow factor k ranging 
from .3 to MD ('j 1.7 to 11).. The baffle- blocks occupy nearly 

tp to tic 55 % of basin width, The spacing of chute and baffle 
} lock.s is ;/4time the height of blocks. No .effect of air 

• entrainment is considered in this type of basins. The taitlwater 
requirement varies with Kinetic flow factor- and is given by 

Fo r k 	3 to 30, D 	.0 } 
D2 	 12D 

a 	 ~ 

30 toI2D-D 	0,85 

120 to 300, U : (Ito — k 

where  D2  ' Is 'tsilwater equirement d2dd22 is sequett 
depth after the jump. The basin length is given by the formulae 

From the above formulae for basin length, it Is seen that 
for /equal to 3 the basin long th comes to 3 D2 and for k equal 
to 300 it comes to p»5D2 This means that basin length goes on 
re4ucing as I'. in.creases. Considering the length of natural jump 

as 6D2 the reduction in basin length is more than 9Q% for & equal 
to 3c)0. This anomaly indicates that this type of basin can be 

• used only for low range of Fronde numbers* Vents Chow 22aiso 

sggests that this basin is suitable for small spillways outlet 
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worms and canal structures, 
U.s.B.R, Basins 1. 
M ~~~ra.~.r~rrr rrnar~~r 

These are natural stilling basins with horizontal apron 
without any appurtenances. As the length of jump is too much 
these types of basins are costly. The Jump posttion is also very 
sensitive to taiiwater variations* 
U S 	Basin I. 

These are used for high dam and large outlets. This 
type of basin is effective for Froude number greater than 4. 
The appurtenances used are chute blocks and and sills only. 
Baffle piers are not provided as velocities are generally high. 
It is not necessary to stagger the chute blocks 4th respect to 
sill dentates. For narrow basins which have few dentates the 
width and spacing maybe reduced further than shown in Fig. 5..2,, 
The apron elevation is set to utilise the full sequent depth plus 

an added factor of safely i.e. nearly 5% is advisable. 
In oars where, these basins are provided below chutes 

and If slope of chute i s 1:1 or greater, the sharp intersection 
of chute with basin may be replaced by a curve +ate (Radius R jOj) • 
This basin Is suitable upto fall f of 200 fb, and discharge 
intensity of 500 cuseos provided the flow at entry is uniform in 
veloct tyand depth# 
U.S.B.R. Type- Ilf8a tit. 
r.N ~rr~rrwwr r wnr rrai~~.r9rr f~.~uw we~a 

This basin (i ig. ..3) is used for small .spillways and 
canal structures, similar to that of S.A.F. type basin. It has 
a higher factor of safety than 8. A.F.. stilling basin.. The 
performance of this basin indicates that jump and basin length 
can be reduced by 60,E with the help of appurtenances. This type 
of basin ce not citable when t velocities are likely to exceeds 
5p..60 ft/secs, This type of basin may be quite effective for 



Froude number as low as 4. U 8.B.1  has not indicated the highest 

limit of Froude number upta which this basin is suitable. 

Basins suggested by , ldvatorski. 

The basins ( .g.5 4 apdS. 5) . recommended by Sle vato idd 
are suitable for the size of structures similar to U. $.B.R. 

stilling Basin type 1I and 111,E The difference in dimensions 
of these basins with respective U.S.B.R. Basin has been already 
pointed out earli ar in this chapter. 

1 . P S OF STILLING BASINS WI I HORIZONTAL £FFes. 

The stilling basins with horizontal apron has been used 

and are proposed to be used at some of the projects in our country, 

Most of the dams below which this type of basin have been used 
are of low and medium hetbht with moderate discharge intensities. 
For example, these type of stilling basins have been adopted at 

atatila Dam (ht. ?9') , Obta Dam ( ht.71.5') and R g ang a chute 
spillway (ht. 3rnfi) having discharge in ten si ties 435a  696*, and 
594 cusecs respectively.. The details of these stilling basin 

are shown in Fig. 5.91. 
In the above paras, the factors ffectjng the design of 

basins and design details of basins 4th horizontal apron have been 
discussed. The points of difference between the various authort .. 

1 ties 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 
sloping apron in all its aspects will be discussed in the 

following chapter. 



WYDR I C -J 	CLING BASINS WL21 SLOPING ;APRON," 
rw rs~rr ww.rr. w'rrrrr r.w.«krrrws~tawr.w►rwwr~sra~+wrrasr~ w~ ~r~ia• 

The stilling basins with sloping apron like ha zintal apron 
also utilise the principle of hydraulic jump as means of energy 
dissipation. The necessity of adopting sloping apron has been. 
discussed in chapter 4 while discussing the choice of specific type 
of energy dissipation arr emet ts. The sloping aprons are necessary 
for the satisfactory performance of basim where the taliwater is in 
excess or deficient for a good range of discharges. When the tail.. 
..water depth is in excess of jump requirements,, the sloping apron is 
provided above the level of strewn bed. In case the tailwater depth 
is less than required for formation of Jump, sloping apron below 
the stream bed level is provided, 

The jump on sloping apron takes many forms depending upon 
the slop el •arratag a menu of the apron, Froude number and discharge 
intensity. The extent of loss of energy in jump depends upon the 
slope of the apron and kineticity. According to 8tevens8analysis 

which has been discussed in Chapter 3, the energy loss in a jump 
increases with 11ineticity and decreases as apron slope increases 
(Ftg. 3..10) . The loss of energy in hydraulic, jump on horizontal. 
apron is more than the Jump on sloping apron. The difference in loss 
of energy in jumps on horizontal ap ron and sloping apron is more 

pronounced when the apron slope is greater than 1a % .and lciu eti ci ty 
is low. In spite of fact that there is slightly less lass of energy 
in Jump on sloping apron as comp are d to jump on horozon t al,, as ron, 
extensive use of sloping apron has been made. The jump on sloping 
apron is better controlled and its position is .not much affected by 

tailwater, variations unlike jump on a horizontal apron. In case of 



horizontal apron, the slight deficiency in tailwater will shift 

the jump towards douastrewn and even the jump sometimes may form 
outside the basin resulting in undevireable scouring of river bad,. 

This is the reason that few stilling basins with horizontal apron 
have been designed for large structures*  On the other hid, the 
jump on fully sloping or part sloping and part horizontal aprons  

moves up. and dowry the slope according to tatiwater variations and 
the range of Jump movement is limited. This ensures better . mctio.... 

..ntfl of stilling basins, 
The studies on. sloping apron and part sloping part horizontal 

aprons  as stated earliar, were carried but by Bradley and Peterka2  

These investigators have produced valuable data which nan be use_ 
..fully applied _ to. the . design of stilling basins. 

BASINS WITH SLY SLOPING APRCE . 

hS a perimental studies by the above authors have c ,eaxlY 
established that tailwatsr requirement for the formation of jump 
and. the length of Jump depend upon the slope of 	on and Froude 
number , The charts prepared by the authors sho.4ng the plot 

Lversus F1 did_ 	versus ?, for different apron slopes are shoji 
1 

in Fig, 3.5, F1. 3.6 and L ig. 6-i ' ro specti vely. The plot between 

and ?I for djfferent. slopes indicates that for sane value of F1  

the 	goes on increasing with slope. The ' also increases 

as F1 increases for same dope. 	othar. smai3. plot in same figure 
Indicates the relation between , , and slope*  It is seen that 

D2 
goes on increasing as the slope increases. The plot between D 

2 	 2 
and Fly k , and P1  show that L Increases with the slope while y„ D2 	 D,2 	 D 
decreases, with slope for the sane value of F1. The values of ,y,. 
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ana , 
2 

are maximum ror medium range or !roude numbers and reduce for 

higher and lower range of Froude numbers (Fig13.5 and 3..6) • 
The above charts donot clearly bringout the extent of 

tailwater requirements for the formation of Jump on different slopes. 
From these charts little Idea can be had about quantitative require.. 
..meats of tailwater for different slopes and Fronde numbers. in order 
to brthgout explicitly the effect of slope and Froude number on the 
tatiwater requirement for the formation of Jump, an analysis on the 
basis of these charts, has been attempted and is detailed in the 
following step so. 
(1) Firstly a value of Di as i ft. is assumed for c nvenience. 

This value wi l not affect the results as charts are in 
dimensionless form* 

(2) A value of F1 sass d and 1), „ from Fig. 6.1 is determined. 
D1 being kno n, D2 can be determined. This is done for all 
values of slopes ranging from 0.00 to 3.25, At zero slope 
the value of 	is obiously same as D2. 

• (3) 	From Fig, 3.5, ~.~ for same F is determined. D is already 
known and so length of Jump L can be determined. The value 
of L 3, s found out for all: slopes. 

(4) Knowing the value of L, the drop in bed level between start 
of Jump and and of Jump i.e,. L tanØ is calculated for all. 
slopes* 

(5) The depth of water D i.e. above hortzontd plane pessing 
through the point on sloping apron where the jump starts 
(Fig.6-1) , is calculated for all slopes by subtracting 
L tanØ from Alt 

(6) 	Knowing DI for all slopes for a particular value of F1 end, 

D2 ,the ratio 	is determined. 
D2 

The above steps are again repeated for different values 
of Froude numbers r ging from 4 to 18 and 	is determined. The 

P1 
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1. 	4 	0..05 6* 25 5* 25 5.25 	1,190 4.80 30*00 1,50 4.75 0.905 
0.10 9.50 7.50 1.430 4.10 3D.75 3*09 4.42 0.842 
0+,015 8.80 8.80 1*570 3,60 31.50 4.73 4.07 0.775 

0 .20 10.50 10,50 2,000 3.15 334,10 6,62 3, 88 0,7 ag 
0.25 12.50 12,50 2.480 2,78 34.75 8070 3.80 0.735 

6 0.05 9.70 9,70 8.00 1.200 5010 43#50 	2,4? 7.23 0.902 
0.10 11,;5011.50 1.450 4,33 50.30 5.03 5657 0..821. 
0.15 13,70 13,70 1.710 3,80 - 52.10 7.81 5.79 0.724 
0.20 16,00 16..00 L 	2,000 113.38 53.30 10,66 5.33 0,657 
4.25 19.25 19,25 2.41Q 2093 56,4Q 14.10 5.15 0,643 

3 	8 	0005 15.00 13,00 10.8 	1,200 5,20 67.60 3.38 9.62 0.890 
0.10 '! 5.70 15070 1.450 4.40 69.10 6 991. 8..99 0.815 
0.15 18,50 18.50 1.710 3.85 71.20 10.68 7,82 0.723 
0,20 2100 21:70 1.010 3.40 73,80 14,76 6,94 0.642 
0.25 25.*00 25.00 2.410 3.00 78.10 19.50 5.50 0.602 

4, 10 0.05 16.40 16.40 13.67 1.200 5,15 84.50 	4,22 12„18 0.892 
0.10 19,6 19.67 19 440 4.37 85.00 8.6011#07 0.811 
0.15 25.20 23.20 1.700 3.83 88*80 13,,$2 9*88 0.723 
0,20 27,15 27.15 1,980 3.Z7 91 *50 18,30 8.86 0.548 
0,25 32.50 32,50 2,380. 2,95 95.20 24,05 8,45 0,618 

So 	1210.05 19,75 19,175 16,50 	1,197  5. 10 100*70 5.03 14,72 0*89 2 
0,10 23.80 23,80 1.430 4, 33 103,00 10,30 13*50 0*810 
0015 26.00 28.04 1.597 3.80 106,50 15.97 12.03 9.729 
0.20 32.50 32,50 1.970 3.35 109.00 21,80 10,.70 €0.648 

6. 14 0.05 23,1? M17 194 30 	.210 5.00 115.80 5„79 17,38 0.901 
0.10 27.75 21,95 1.435 4, 25 118.0 r 11.80 151.95 0.825 
0.15 32.67 32.671 1.590 3,70 120.10 18,00 14.50 0.750 

7.. 16 	0.05 26.50 26.50 22.20 	1,195 4.88 129.,50 6,48 20.02 0.901 
0.10 31,75 31,.75 1..4 4,15 131.70 13,1.7 18.58 0,839' 

8. IS 0.05 89.80 29.80 25.00 1,.190 4.73 144.00 	7..20 22,60 0.903 
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results are shown in Table 6.1. The value of D is also found out 
D2 

for different Froude numbers and slopes. 
From the table it is seen that values of 	and 	are 

	

D2 	D2 
nearly co start for different Froude numbers for sane slope of apron. 

This leads to the obvious con 'ciusion that ' andp are in depend.. 
2 	2 

..en's of Froude number for a particular slope. The value of these 

dimensionless parameters are av'er'aged VLnd are shown in table 6..II., 
While averaging some of the values shown In table 6.11 , hay e.been 
left out as these may be inaccurate because they have been obtained 
by extrapolating the plot between 	,~ 	id P1. These average values 

of D2 h ae2 been plotted -against tat 	and shown in fig, 6..2. A 
D 

stud of this plot indicates that 	decreases with slope. For 

at iØ equal to 0.25 the value of 	is equeal to 0,62 nearly,# which 
2 

meats that the tailwater requirement for the F formation of Jump 
gets reduced to 62% of the requirement for the corresponding case 
of jump on horizontal.. apron. The value of g decreases comparatively 

D 
rapidly upto too equal to O.2D. This ciearry,gives 	indtc5tton 

that by providing a sloping apron with slopes ranging upto 0.20 
or 0.25 the tailwater requirement can be substantially reduced, tin 
the same figure 	is also plotted against tai and It is seen that 

increases with slope. 
D2 

• The above presentation gives a better idea about the 
tailwater requirements for - the formation of Jump for different slopes. 
Knowing the availabiitty'of tatiwater in a particular case the apron 
slope can be determined without much difficulty from the Fig, 6,.2,E 

The basins with- fully sloping aprons have been used below many dam 
s,illways some of which are listed in Table 

BASINS WITH PT SLOPING AND PART HORIZONTAL WRON. 

While discussing the basins with fully sloping apron it has 



been established that tailwater requirement for the formation of 

jump goes on reducing as the apron slopes Increase. Though the 

maximum reduction in tailwater requirements can be obtained by 
steepening the slope, but the steepening of slope and continuing the 
apron at that slope, leads to huge amount of rock excavation in 

apron, which may macs the stilling basin very costly. This lead to 

the study of taiiwater requirements for part sloping aid part 
horizontal apron. The provision of part sloping a1 and part horizontal 

apron involves less rock excavation than a fully sloping apron. 
The effect on tatlwater requirement for partsloptng did 

part horizontal apron for different slopes was studied by the same 

Authors through a series of extensive experiments. These authors 

established that P2 Increases with the increase in slope for the 

same 	ratio (Fig* 3.12) where I represents the horizontal 
length of sloping •portion of apron. The ratio 	increases as I 
increases for a particular slope. The charts prepared by the 

authors showing the plot between I and 2' (Fig, 3.12) for slopes 
Pt Do  

ranging from o.45 to O.30,,provide valuable basis for the design of 

such type of stilling basins, 

As far as the total length of jump is concerned, the authors 
are of the Opinion, that the length of jump, in case of part sloping 

and part horizontal apron, is not much different than the case of 

fully sloping apron, The exact length of jump is• not importan t as 
far as design of stilling basins are concerned because these are 
seldom designed to contain the full length of jump. 

From the above mentioned charts of Bradley and Peterka 

showing the relationship between 	and 1  for different apron 
D2 	D2 

slopes, little quantitative Idea can be had about tailwater 
requirements for Jump formation in comp ari sion with that of fully 

sloping aprons. How the tatiwater requirement is affected if the 

slope is steepened and length of sloping apron is increased or 



decreased, is not explicit In the charts. Therefore a study about 
the variation in taliwater requirements for different slopes and b~ 
ratios have been attempted on the basis of these charts, and presented 
in a monger which may be more convkiient to the designer,. The 
study involves the determination of 	where D~,,~` is depth of 

D ta,lwater above horizontal plane passrng through th3 point on sloping 
portion of apron where the jump starts, for different k ratios 

Di. 
and slopes. The study made Is described in the following stepsx.. 
() 	First the value of D1 is assumes as 1 ft.. As already ' ated. 

earit ar, this 411 not affect the ratio " as the charts 
have been. prepared In dimensionless form.2  

(2) 	A reasonable value of F1 is assumed end D2 is obtained from 
the plot showing the relation between ti and F1 for 
horizontal apron (Fig,,61 ). D being 3 uoa t, l 2 can be 

determined, 

( 3) 	The length of jump is determined from the Fig. 3.6 which 
• shows the plot between 	and Flo Keow.ng 12 the length  

2 
of jump Is determined. 
(4) After knowing the length L, Q is determined for a p ar i eular 

slope for .different values of L 1.e0 0.0,0.10,0.2,0,; 
0# 4, 0.5, 6 *6 r 0 83 1,.0. 

(5) The ratio t is determined as ~ and D2 end kno 2 	 ,, 
(6) From Fig„ 3.12j showing the plot ' versus 1, the values 

of ' are determined for all sets of 	ratios, 

(7) Ku o wing ' D2 is determined. 

(8) The drop in bead level in sloping ' apron portion i.e. . -tiØ  
is calculated for various values of for a particular slope. 

(9) The depth p2" s determined by sub strgotiag Qiano from Dv,' 
(10) D2'~ and T 2 being known, the value of a for all values of t 

}2 	 Di 
ratios are cal cul aced for a particular slope, 



wmo 	D11 	1 

w w r w w — — w 

SJ9O tgiØ _ 
D Y 

D 
( 	Qt ano) 

w r~ — w a~ ar wr r ss  ra 

10 	0.05 13,43 00980 
13.2O 0,966 
12098 00950 
1279 0.933 
12055 Q91? 
120 47 0p~.910 
12,3  D 0,0900 

12019 0.890 
1210 0.883 

20 	O 10 13043 0.980 
12,89 00942 
13,36 0.905 
12,03 0,880 
11.078 0.860 
11054 0,845 
11,4? 0.838 
1103~7y 0,830 
11O 2S 0.825 

30 	0015 ' 3o 43 00980 
12,49 00911 
11,81 0.865 

11.52 00825 
10,83 0.795 
10.06'7 0,780 
10,56 09770 
10.45 0,763 
10,45 0,763 

4 	0.20 13,43 0,980 
12011 0.883 
11016 0.815 
10,47 0,766 
1014 4.740 
98 dm729 
9.91 O 723 
9090 07 23 
9089 0,722 

50 	0.25 13,43 0.980 
11,83 0,865 
10,63 0,768 
9,,65 0,705 
9.30 00680 
9020 0,673 
90,20 0..0673 
9020 40673 
9e2a 0,673 
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Bare procedure i.e. repetition of steps (1) to (10) is 

followed for determining the value of j for different slopes 

varying from 0005 to 0,25, The table 6.II1 shows the computation s 
of 	for Froude number equal to 10 with slopes having t 10 equal 

1 
to 0.05, 0.10.1 0.15, 0.20, 0.25. Mother similar table is 
prepared for Froude number equal to 6,Y having the same range of 
slopes, and 

	

	is determined* The results axe shoi in table 6 IV. 
2 

•A comparision of -table No, 6.111 and Table 6..1'x' shows that 

for a particular value of ~i , s ndapendent 	Froude number 
D 
and Is dependent only on s bpe. The values of DO gas s on decreasing 
as 	increases for each particular slope,. A cart showing the 
relation * between D2 and 0 for different slopes , is prepared (Fig.$..3)5 
The plot between 	 alp ,.,! indicates . that D" .decreases as 
increases *.less rapidly for flat slopes than 2for steep slopes. 

For steep slopes EL decreases very rapidly as p~ Increases to 
D2 

34 Ld it is practically constant for higher values of 42,. This 
tee cafes that tali-water requirement goes on reducing rapidly for 
steeper slopes as length of sloping apron increases to nearly *.6O% 
of jump length. Any further increase in length of - sloping apron 
causes little reduction in tatlwater requirement r; ile quantity 

. of rods excavation increases. This conclusion is very important 
for the design of stilling basins with part sloping and part boric 

....zontal ,apron, 	iother fact which is seen from the v efigare is 
that the value of 	goes on decreasing as the slope increases 

D 
for the same value o t 	In other words an apron consisting of 

1),. 
part steeper slope and part horizontal, will require less t lwater 
depth th as part flatter sloping apron of same length and part 
horizontal apron. 

In order to study the quantitative reduction in t lwater 
requirement more clearly with reference to different apron slopes 
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having horizontal apron at the same level. for all slopes, a new set 

of lines representing same borizin tal. level below the level of 
foot of start of Sump in terms of sequent depth 0 are dram on 
the plot showing the relation between and 	T ,use 1 nea 

Dz 02 
are marled on the same figure ( Pig. 6.3) as fit.1021 0,.202, 0.302 

id so on. These lines clearly show the quantitative reduction in. 
tat .water requirement as the slope of apron increases keeping the. 
horizontal, , part of apron at a particular level. 	tnference which 
can be drawn from this study is that by adopting a:- ,sleeper slope and 
reaching a level of horizontal apron will require lds'a tallwater 
depth, than providing a flatter part sloping apron. j0d `part 
horizontal apron at the sane level. In other word ,' or the sane 
taiiwater, a part steeper sloping apron will require p ,rt horizontal 
apron at a higher level than part flatter sloping :fin with part 
horizontal. apron. Thus for the same tatiwater, thoire\Pcq be m r * 
oombthattd,ns of different part sloping part horizóp ai ap ron s at 
different levels,. Therefore 'i it cannot be stated with  c rt$i.tt ty as 
to which combination will involve the least ro& ex avation+ A few 
trials with the help of fig. 6..3, 411 have to be m.;  de,` for cuetermining 
the most economical.. combination of part sloping aui ';gip art 1jzontg 
apron for a particular tailwater depth. Thus the 'f pure 8.3 ovides 
a very useful guide for determination of most econo cal. eor 	a ► 
..ton of part sloping and part horizontal apron for a arttcular'\ \  
hydrai1tc condition. 

OPTIMUM, UTILITY OF PART & 0pIN 0 AiD pART HUE ZC T 	 , 

It has already been discussed in chapter 4 ,tha\t the use of 
hydriltc jump stilling basin with part sloping and a i\horizont$1 
apron can be considered for the ,folloi 	hyd ulic Condit ons*. 
() 

	

	The tatiwater rating curve lies below jump ,height rattg 
curve for low rage of discharges aid abov for high 'range 



of di sch alZ es. 

(2) 	The tail water rating carve lies above the jump height 
rating curve for low rat ge of discharges d below for high 

range of discharges. 
In the first case the horizontal part of apron can be o 

adjusted that the starting point of Jump for small discharges is 

at the begtning of horizontal apron. For large discharges the 
starting point of jump will move up along the sloping part of the 
apron and it will be at its upper most poil t at maximum di. sch arg e 

(Fig. 6 4 ). In the second case the position will be reverse of 

the first case t, e. at the maximum discharge, the jump will start 
from the foot of sloping apron and for smaller discharges jump 
411 start on sloping p art of apron (Fig, 64b),  

From the above, it is seen that in the first case the full 
length of sloping and horizontal. aprons are utilised at maximum 
discharge condition and the lesser discharges are accomodated 
4 thin this length of stilling basin. In the second case the Jump 
at maximum discharge lies entirely on horizontal portion of apron 
requiring longer horizontal sp ron. It is thus clear that for the 
first case the basin 4th part sloping and part horizontal  apron 
x311 be most, suitable and economical,. This type of basin can be 
utilised for the second case also but may not be economical as 

spared to other type of energy dissipation arr ements. 
R,I IN LMGTH, 

it has already been stated ea `itar tat It is not 

economical to provide stilling basin length to ,contain the fall 
ieng h of jump. In such hasefs the river bed do z streaR of paved 

apron also acts as p art of stilling basin,, The length of stilling 

basin is dependent on the river bed material. When the bed strata 

consists of good rods there is no difficulty dad the length of 

paved apron can be comsiderab ,7 reduced. If the  fed spates of 



poor quality$  a longer length of paved apron becomes necessary. A 

study of existing stilling basin -  (table No.8.J) indicate that the 

paved apron length varies from 4® to 80% of the Jump length, The 

average length of basin appear to be .o% of jump length. According 
to U. S.B. L.1  the .paved apron length as 60% d r Jump length is 

I  

sufficient for most of the cases unless the downstream bed strata is 

very poor. The shorter basin can be used where sound rock in 

be exists. 
STILLING B AN PPURTN CCS. 

In stilling basins with flilly sloping apron or part sloping 

part horizontal apron, generally no appurtenances are provided 

except an and sill. In some cases the chute blocks also have been 

provided. The baffle  piers are never provided as high velocities aan d 
discharge intensities are generally involved in such type or basins.. 

The table No.6 . V shows that velocities in most o. cases are more 

than 59, ft/sec. The chute blocks have been provided is case of 

Keshwic , and Dickinsioo Dams where the velocities a$  comparatively 

not so high. In basins with high velocities the chute blocks are 

not favoured, 
The use of appurtenance in the basin is not favoured also 

because the Jump position is not fixed and it moves:. up grid do 

according to taliwater availability. The aoppurten as if used In 

the basins can be only effective for a particular pp. t tlon of jump 
i.e. for a particular discharge and for other discha es these will 
not be affective at all. 

The and sills provided are either trtanglu; r# rrotal gluar 
and for row discharges even dentated„ According to,,, S.B.R. practice1  

small solid trt dpgular sill is only required • It : s rives to lift 

the flow as it leaves the apron and thus acts to c on,061• the scour. 

The most effective height is between 0.05D2 arsd p,1 P$' apd a slope 

of 3:1 to 21 on the upstrearm face of the and sill,; s qut to 
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ffioiont, 

B f 9.D «R. F ACTI C FUR 7U 1SIGN OF B N S i t1i QPING ►R( , 

The U'.8.B.R.1  practi ce for the design of basin ith sloping 

apron is described briefly as below s 
(1) 	The apron arrangement should be determined which will give 

the greatest economy for ma4mum discharge conditions  

(ii) The epron position should be fixed by trial in such a waY 
so that the front of jump rr 1. form at the upstream end of 
slope for maximum discharge and tatlwater conditions*  

(iii) The length of Jump can be obtained from plot showing the 
relationF1 e;d L „ The length of basin for a averege bed 

2 
strata may be kept as 6Q% of jump length,, 

(tv 	After designing the rpron for maximum discharge condition, 
it should be ascertained that the tatlwater depth apd length 

• of basin available for energy dissipation r are enough for 
and I of maximum discharger  If " water d th is 

,tf ,cieRt or in excess of jump height for intermediate 

discharges the design Is acceptable, If the tatiwater is 

difficient, then apron slope and position may be redesigned, 

Only a small solid triangular end sill is sufficient
and dimensionsare al ready stated above. 

(vi) The stifling basin should be operated under symetri cal 

flow as far a a possible. The design of spillway should 

be such to help to attain this aim. 

(vii) Where discharge intensities are greater than 500 of t$ 
where saymetry of flow is involved, and where Froude number 

is high, the model studies should be conducted for 
finalising the design of the baatn• 



In the aaove, it La semi. that for the step (I) and step 

(lv) a lot of trial roods would have been necessary for Tina lsation 

of apron slope acid position, These two steps can be decided 4th th 
the help of .g. 8l!2 and Fig. 6..3 without much trial wort,. The most 

etonotat oa3 nrraug cme t of apron cap be determined with the aid of 
these two figiures# 

In this chapter an attempt has been made to present the 
ext sting data on the design of fully sloping , and p art sloping  
part horizontal apron is such a form which will be extremely useful 

for the design of such basins as this will involve less trial work. 
for the designer while selecting a particular apron slope or 
combination of part sloping end part horizontal apron for a given 
tailwater condition. 



~rrCHAPTER rar «~~r. wni.~r«►i 

RZRBUQT T1rDISSIpATOR8. 
MwAnr rsrrtMwwwwrw~r~rrwMarsMl~wr wwnrrr~rrwrirr+M* 

The roller buckets are used for energy dissipation 

where the tetiwater depth is more than required for the formation 
of jump. The bucket deflects the high velocity flow away from the 
stream bed. The deflection of flow upwards by bucket lip causes 
the formation of a surface roller or high boll on the water surface 
on the bucket and a ground roller dornstrean of the bucket. The 
;surface roller Is effective in dissipating energy while the ground 
roller causes a reverse now towards upstream direction along the 
channel bed. This action tends to deposit the material against the 
bucket lip. 

UPB OF ROZLAR BU ZTS. 

There are two types of roller buckets. 

i0 	Solid roller bucke. tg. 
2„ 	Slotted roller bu&e'cs. 

The solid roller bucket consists of a bucket like apron 
with concave circular profile of considerable radius and a Up 
(Fig. ?-1), The development of ground roller causes the river bed 
material to be sucked inside the bucket (Pig, ?.2). The material 
so brought inside the bucket causes abrasion of bucket surface. 
This tendency of bringing the material inside the bucket can be 
chocked to some eitent by suitably fixing the invert level of 
bucket, This type of roller bucket has been used below many' 
spill way a. 

The slotted bucket type of energy dissipators were evolved 
as as improvement over solid bucket types, It is already stated 
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above that there is tendency of riverbed material being sucked 

inside the solid roller bucket due to action of ground roller*  
The un sYmetri cat -gate operation at so causes eddies to bring in 
material inside the bucket. The provision of slots In bucket 
ensures se1fcleab.ing action and. the material inside the bucket is 
swooped out through slots. Part of flow.through the slots spreads 
lateratli and is sifted away from the channel bottom by the apron 
beyond the slots, causing the flow to be dispersed and distributed 
over a greater area and providing less concentration than occurs 
in a solid bucket, In order to maintain the effectiveness., of 
bucket action in dissipating energy, the slots are made Just enough. 
to prevent deposition of material at the bucket lip, 

SOLID ROLLER BU(KFoT8, 

The solid roller buckets were developed by U.S.B.R. in 
1933 for use in Grand Coulee Date. Later, the experimental studies 
were also carried out by McPherson and Karr band those .authors 
have evolved a method for designing the solid roller buckets. 
Generally speaking the factors' which effect the bucket design . sire;.. 

(I) Bucket shape. 

i) Flow conditions. 
The shape of bucket includes the radius of bucket depth 

of 'bucket lip position and slope. The flow conditions include 
tailwater elevations and shape of the water surface profile 
do streau from bucket, 

The bucket radius is selected by trial with consideration 
given to the ability of exit area to withstand high velocities in 
exit channel, A combination of minimum allowable bucket radius 
and minimum tailwater depth exists ich gives satisfactory 
performance, Below these limits the performance All not be 



satisfactory. The buckets having larger radius than the minimum 

allowable will only slightly -improve the bucket performance but 
the bucket will become costly*  

According to £levator,skt the minimum allowable bucket 

radius can be expressed as a Luction of following variables. 
Amin 	rf'( V1, D1, .' ;g,) 	 1 

where V 	.. Velocity at entrance to bucket. 
:- Depth at entrance to bucket. 

Mope of spillway face. 

9 	: Acceleration due to gravity. 
Vertical distance between bucket lip and channel bed, 

By dimen .oa . analysis the equation (1) can be expressed 
in dimensionless form 

lavator i further stresses that studies conducted at 
U. $.BJ. indicate that .both 8 did ! do not within ordinary limits 
affect the bucket size but the frictional resistance on the 
spillway face affects the minimum allowable bucket radius as a 
result of velocity reduction, 

.iminattng 	from equation (2) 

Ruth  

mhere  
gD' 

He also stresses that the investigations by Okada and 

Ibibasht in connects©a with S uma Dam, also substantiate the 
functional relation ship given by equation (3) and the discharge 
intensity over the spillway also influences the bucket size. 

The inference draw by . L avatorc,t from U. S.8. R. studies 
that 8 and 2 do not affect the bucket size within ordinary tail, Ater 



limits, has been questioned by l[opherson end Karr as the U.8.B.R. 
experiments were conducted with only one approach slope. 

The slope of bucket Up and height of bucket lip are 
important in deflecting the flow upwards and maintaining a sizable 
ground roller below the bucket. The smaller the roller, the less 
effective it will be in deflecting the jet away from channel bed*  
according to S3.avato 	9  it has been established by models that 
lip slope of 450  gives best performance. In case the Up slope is 
steeper than 45, the impact of flow on lip wall disrupts the 
roller action. When it is flatter than 450  high velocity flow 
becomes submerged doixtstean from the lip. He further recommends 
that the bucket Up should be kept equal to. 1/jthof the maximum 
tatiwater depth, aid the channel bad elevation should be kept 
slightly below the bucket lip elevation to avoid bed material being 
drawn into bucket. Mcpherson and Icarr2' have recommended that the 

channel bed elevation in general be set at tnvert level of bucket 
to avoid bed material being thrown in the bucket, 

T, iwater Limits,  

The performance of bucket is very much dependent ori. tatiwater 
conditions, The taitwater requirements for a good bucket performance 
are higher than required for the hydraulic jump type basin. When 
the tatiwater is insufficient the high velocity flow enertng  
the bucket Will . brae through the supernatent water blanket leaving 
the bucket Lu the form of jet which is knout as ' Sweepout 
condition', The depth of taUlwater at this stage is known as 
sweepout depth. A lot of scouring taken place where this jet 
,sties the river bed. In order to avoid this undesirable action, 

the taUwater should be more then sweepoat depth. The tatiwater SG 

fixed is know: as minimum tatiwater depth. 

According to Ll avatorsdi the minimum tatiwater depth can 



be expressed as 
'1nLn : " (V1, D1 , $ R, 9) 	 4) 

This can be expressed in dimensionless' para eters after 
carrying out the dimensional sn alysi s# 

Tmtn 
1 	g D1 

i, ( 	
f 

, 	) 	 +MrwUww►Nt wrMwrr rN'wwrMwiM rsN~rw~ 

1 

as e,1.aine4 ea 'filar for ordinary , .~z a / may be 

e lected# hea: 

 ~ 
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Thus equation (6) expresses the relation , ' otween minimum 
il 
iE 

tatlwater depth end minimum allowable radius in a d aa. sionless 
fo,rm4, The relation between these parameters can be !established by 
model. tests, The desired minimum tatiwater depth' metimes is 
provided by constructing a low dan just do*tstreect main da►. 
This arrangement has been provided in the case of Gs ma: Dam in 
.J 5pal,, Where low sscondry dam downstrean of main r ,.1 t,s to be 
constructed the necessary energy dissipation arr gem t below it 
will have to be provided. Farther it will have to/be 	fined 
to at extent the creation of permanent pool do `sere of\ wain 
structure a `fects the stability of the structure. 	,c a . g\,to 
41svatorse? the minimum tailwater depth should not be ~s  that 
110% of the depth required for hydraulic jump, 	; ', ' 	 ;\ 

When the tetivater depth is much in excess he co Itions 
for diving flow may be created„ According to Slav ko 	. t a model 
and prototype tests indicate that condition of di\ tag flown 
impossible except perhaps in rare cases* 

A study of bucket performance with dtff ! efl an r tAe 
slopes (1s1 sitd 1x 2), varying discharges, entrane entrap; head, can ter 

ci / 



dapth and bucket radius was made by Mcpherson and 1Carr,  ,, According 
to these authors, the energy dissipation do Wt stream from the bucket 
resulting primarily from the expansion of live stream is the sirgep 
can be regarded as a surge phenomenon for most of the part. The 
high velocity region do*2strean from bucket tends to concentrate 
near the surface„ 

According to above authors) the surge height dor stream 
hs is a function of tatiwater depth b2 , and the depth above bucket 

invert bb for a given lip angle (Fig* 7$). It h2 is very large 

the surge 3. 1 got d toed as wi... MM„ If h2 Is small, surge will 
form a free trajectory and sweepout will t*e place. dab and hs can 

be expressed as fictions of following variables considering 
boundary trio ion  and surface tension are negligible, 

bb (q, b1, h2, % g) 	wr4r+rrrwwararrwwawwwrwwM rw~ ~ 

h,s V, 2 (01 ,t h2, 	j 	~r+wnww.w.wsrw.Mw.ww.rrM .rrrrNr ~~ 

where 	q' » discharge intensi ty  
h1 a height of maximum head water level above the invert 

of bucket. 

tatlwater depth 
radius of bucket t 

g 	acceleration due to gravity. 
BY dimensional analysis hb and he can be expressed. as 

' 	rr _ 	 wwrrwMwrarr.r~+.+~r~wMrrrw+~r~wr+r 

g ~' 	 1 	 10) 

7.. 

It is seen that 9 spectfio service conditions are tnd pebd* 

..eat of L therefore 

h1 g .. ~"1/ 2 # h2 1 	 *s! pnarww rw►awrw~rnrrrwww~ww I I) 
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12) 'i 	hi 	hi 

The -model tests were conducted on is 1 and It 2 entra~ttce 

slopes and it was food by authors that as hb ts progressively 
reduced, the bucket behaves more and more as flip bucket. The' 

value of hb for upper limit for a free jet has been found as 0.2  
when taiiwater is falling and 05 when tat water is rfslnE, The 
effect of trance slope to' the bucket 4th reference to p'arwiter 

aid was also studied by the authors and the results 

are shoes. in Figs. 7.4 for sn approach slope on I on '1. The authors 
have also come to the conclusion though with limited investigation 
of entrance slopes that the curves of Fig. 7.4 also should provide 
a reasonable an f etpationn of performance for approach slopes 1, on 

2 to I on po? provided h1/R i s not too large. With an approach, 

slope on I on I the bucket rolls r become cro ed at ,h, values higher R 

than those recommended (shoe in Pig. 7.4) and the surge becomes 
unsteady and pulsates. ' With smaller slope such as 1 on 2, the 
relati& ely longer bucket roller is dro ed at higher values of 

the bucket roller and surge merge into a single jump apparently 
indifferent to the presence of buuet. in both eases the bucket is 
too small, relative to depth of  entering live stream to govern or 
Control the action of surge. 

A ter y Dissipation  Chara to ..s Acs, 
s~.sr+w~wr~rra►r+wrrrwrwww~~.rw`aw~ Mw+ir«wirw~~r+w~rr 

The value of ,4 ~+~' 	in terms of Fronde number F1 is 

as hi » 	k, 
29 

measuring b1 from the sate datum for both bucket 
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invert and hydraulic jump in horizontal charnel. Thus a given  

value of 	is equivalent to a speàific value of F. This 

relation s~shoun in Fig. ?M.5. For a standing hydraulic jump in 
rectzgluar horizontal- cbinel 

2:*i48P 1) sg 1. 	 LJj. 

The lines shoving a specific value of hb in terms of 
are plotted loith the help of Fig, 74 after converting the value of 
In terms of F, and b into Ja (by multiplying h_4th 

i 	 ) The h1 	 ai 
zlation between F1 and jhj dtows, that for hb equal to O.2h2 

Di. 

the bucket dissipator is in do as competition with a jump in 
horizontal apron when the tatiwater is falling, When the tatiwater 
is rising this competition is not so marked.. For bb equal to 
0.4h2 and F. as much as 16, the tailvater reqnirnents are fairly 
close to those for hydraulic 3u. Therefore the authors recommend 
that hb equal to 0-02 should be considered to avoid free Jet 
owdition aid toen sure roller action and efficient energy dissipation 
The authors also indicate that these are only tentative con clu sions. 
SReigbt3 	- 

Mcpherson and Karr also conducted experiments to study the 
surge height for entrce slopes I on I id i on 2.. The results 
are presented in the shape of curves shoe in Fig. 74 id 77 
respecttvely. For any particular value of tib # ha 	be determined 
from these curves4 The experimental study indicated çh8t entrance'  
slope influences the pe height of surge ha. The su\rge trajectory 
is flattened with the decrease in approach slope and ce versa 
without materially affecting the other variables* The\ipper Limit: 
of free Jet was found to be equal to 0,15 hs,  
P ro cedure of 

The design procedure is summarised in the foliLng steps 
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j First the invert level of bucket i s fixed arbitrarily and so 
the gross head hi 4 the bucket invert is know,. 

2. ' The value of q being kno i, 	*am be determined for 
various values of h1  did q. 	1  

3 From the tatlwatr rating c r e, the taflwater, t.e,h2 for 
respective disc arges c t be kno . The value of j ci be 
deter toad 

4, Now from Fig. 7.4, the value of 	for bb equal . to 0.4112 can be 

obtained v tch is the safe limit ondition. 
50  If the value of 	C .du3.atgd from step 3 is more than the value 

Of 	computed in stop 4, the design is safe In casett is  

less# then the design wil1 need. modification, 
6, The modification o, . be done by lowering the level o bucket 

invert id repeating  the process atfl till the dbovo°, criteria 
is s*ti gfi ed.  

7. The maximum value of hs an be obtained from ?tg,7.6 aU ., 7.7 
as he cage m ai be for maximuni value of 	 and hb eqt el to 

0.15 his. 
S. The value of R i,e. radius of bucket can be obtained from the 

value h for maximum value of 	L.r (Fig. 7,.4),*  

OTT ROLLERt &Tø. 

The slotted roller buckets were developed at U, $ B. R.1  

after extensive experimental studies, The slotted roller buckethas 
slots which ensure self clawing action in the bucket. The niateztal 
sucked inside the bucket is sweeped out through slots. The solid 
portion between two successive slots is i 1Q1n as "tooth". 



Shat)*Mof w Teeth w aMr. .w►wrw.wi.wr+Wir~ 

The various shapes of teeth as gbon in Fig. 7.8 were 
tested by U, 3.B.R! The type design I was found satisfactory in 
dissipating energy as well in elimination of piled material along 
the bucket lip. The tests indicated the formation of mall eddies 
by jets leaving the slots and lifting the bed material to provide 
abrasive action on the downstream face of teeth. A sloping apron 
downstream of teeth, therefore, was installed to help in spreading 
the jets Issuing through slots aid also to keep loose material 
away from teeth,, The slope of apron is kept upwards and slightly 
steeper than the slope of slots for better contact with jets and 

spreading the Jet laterally. 
The type design II has a profile which confirms to the ? 

radius of bucket thus eliminatl g the discontinuity in the flow 
passing over the teeth. The pressure measurements have shown 
the itecess ;ty of rounding the teeth, 

The tests on type design III indicated improved pressure 
conditions on the downstream faces of teeth and on sides when the 
radius was increased. This type of tooth is recommended by 

ircn Dot+ straaa cif Teeth, 

The model tests by U.S.f.R. 1 indicate, that apron with 16° 

upward'slope was found sattsfactor. With lesser slopes the flow 
was unstable, intermittently diving from the end of apron 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 
directional effects of steep apron . A apron length of o.5R 
(1.a bucket radius) was found necessary to accomplish late a" 
spreading of jet and produce uniform flow leaving the apron (fig.9-9), 
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Bti&at Size Aid T iwater Limits. 
' 	Mw~ralf 4UwsbfwrYllrwiw rrrrrfr~rw~rrrlrrw~r~lr~lyr rrMllrw~lw 

The model tests, were carried out at U.8«'E»R., with entry 

#lope of 0.7 aud bed of channel set at 0605 R below apron lip 
The tests have shoe that with lowering of tlwater 

a stage is reached when the flow sweeps out of bucket in the form 
of Set resulting to considerable scour where .t strikes the bed. 
A more undesirable flow pattern occurs just before sweeping out, 
An unstable condition developer in the bucket causing excessive 
erosion and water surface rog trzess, .Therefore it is not desirable 

to demon a bucket for both submerged and flip action because of 
this transition region„ 

The upper tatiwater limit is fixed from diving flow cono► 
.di tion s. The tests have shown that as tailvater is raised, a stag e 
comes when flow dives from the $pron Up, ` The diving of flow causes 
deep scour in the channel near the bucket. The depth at which 

diving occurs,Is affected by shape and elevation of channel bed 
with respect to apron lip.. In order to prevent diving flow 
condition from oceuring at much lower tatiwater elevation, the 

chaAnel bed should be set below the apron lip, The provision of 
sloping bed reduces the operating range between maximum and 
minimum tatiwater depth limits by lowering the upper tf&i ;4ater 

limit, 
According to Slavatorski9 the tests conducted at U.$.B.R. 

haaeindtcated that tatiwater requirement of slotted roller buckle 
at which sweepout takes place, is slightly higher then that of 
solid roller bucket, The diving takes place when the tatiwater 
depth is excessive in case of slotted roller bucket, while in 
case of solid roller bucket the chances of flow diving are rare. 



Ref ati on~ tween.. ', ou sBucket Element 

The relationship between various bucket elements was 
established by U.8«8.R.1 after extensive t studies. For a given 
height of structure having a particular overfall shape and 
spillway roughness .sweepout depth 'T8 and minimum tailwater. 
limit Tm .n. are functlbns of the radtad of bucket f and head 
on crest H ( i.g.7•..11), The height of structure may be expressed 
as the height, of fell 'b' from spillway crest to tailwater 
elevation* The overfall shape and ",H' -determine the discharge 
intensity q of 4i1way. It has been assumed that spillway# 
su "face roughness and spillway slope hawnegligible effect 
on flow and therefore the serve are not considered in the 
asanysts. The experimental tests indicated that the elevatta 
or shape of moveable bed did not affect the minimum tailwater 
limits, 

Thus the Tmtn can be. expressed as a function of hiR, 

afld4, 
Tmtn : f 1 b! 	 rl►41ir~rwrw*r►~wriwwrwrwp y 

The maximum taiiwater depth limit is also a function 
of h, , q but as the slope and elevation of moveable bed with 
respect to apron does affect the tailwater at which diving t e s 
place# the channel bed is also ,a variable. 

Thu s I Tmax » f'( b, R qs and channel bed) ww«.m(14 

The maximum capacity of bucket is slightly greater 
for intermediate taNwater depth that for the extremes. 
However the, bucket is, expected to operate over a range of 
tailwater depths. The minimum 'bucket radius, therefore, is 
function of discharge intensity and height of fall. 

Rmin 	 lI~I Iii[~Mii M114 MI11MI M~if~!iY~~lY~w ll~lrt l) 
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The Proude number i e a function of V1 iid Dig and 
since V1 aid D1 are functions of h, q, the same can be replaced 
by Proude number '. 

Tmin and T8 	B, F1 	~»..,~,..~«.,.~«. »«,«—(1d 

Imax it i"4 R, Fla Channel bed) 	 17 

In order to express Turin, TmaX and Emin in dimen sion.. 
less form so that these may be used to predict prototype floe 
condition, Tmia, Tm ax, are divided by JAI and Znzin is divided 

by(D1 -1 ) i.e. the depth of flow plus the velocity head at 
2g 

to lwater elevation on spillway face* The plot between Erin 
and Froude number F1,, is shouts in Fig. ?12. The minimum 
bucket radius for a given Froude number can be determined with 
the help of above plot, 

For determining the ta.lwater depth limit for a given 
Froude number,the dimensionless ratios of taiiwater depth 

lim to iD au$ 	were plotted against F1 for a computed 

bucket radius ratio. Tbo the curves were dram through both. 
minimum and maximum tatiwater depth limits having the sane 
bucket radius ratio values. By cross plotting the data of 
these zrves, separate curves between 	at~d , are obtained 

D 
as 3h0 is Fig. ?..1.$ Similarly the pl2t ob t i t ed bobweed 

and F, is sha t in Fig, ?.14 for sloping bad and level 
bed of the channel. Similar curves are dran for Ta Versus 

D 1 from the available experimental data (Fig. 7-15). 

A plot between 	(Z w height of crest above bucket 
invert) and Fj for different values of + (mere A is surge 

height above invert and T is ta,.lwater depth) is show in 
Fig, 7..i6, This can be used for determining the approximate 
water surface profile within and downstream of bucket. 
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$ M A O SLOTT DBUT DESIGN PRQCADUBL 

The D.8.B,R.1. method for the design of slotted roller 

bucket based on above discussion cat be summarised In the following 

steps. 
(1) First q, Vi, 31, are determined if F nude number is computed 

for maximum and intermediate flows ('t8, 7.1?). 

(2) WIth the help of Fig, 7.12 the minimum bucket radius ratio 

for a particular Fronde number, is computed. The minimum 

bucket, radius R can be computed as Vj and D1 are already' 

know. The radius of bucket may be rounded off on the higher 

side. and the value of bucket radius ratio is recelwaiated 

for determining 	z and T ,r 
i 

(3) From Fig, 7.13 and 7.14, the value of 1i and ,a„ are D 	1 
determined for the revised bucket radius ratio. Tmtn and 

Tmax can be calculated as DI  is know,, 

(4) The bucket invert elevation is fixed keeping in mind that tail-

water elevations lie between Taal and Tmtn, The apron lip 

and budget invert should be fixed above the river bed as far 

as possible. For beet bucket performance bucket should be so 

set that tailwater depth is near Tmtn, 

(5) The bucket design should be completed by p viding recommended 

tooth .size,. spacing etc #. 

(6) The probable maximum water surface in bucket and dounatrean 

can be estimated with the help of Fig. 7.16# This is necessary 

for fixing the height of training walls. 

According to U.S.B,R.1  the buckets of an size eAd discharge 

can be designed with the above procedure and the structure so 

designed are. likely to give good perrormice and moderate factor of 
safety. However it recommends that model studies should be carried 
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out whenever, 

(I) 	Sustained operation near the limiting condition Is expected. 
(it) Discharge iu ten si ty exceeds 500 to 600 cu secs. 
(Lit) Velocities entering the buctet are greater than 75 f 	sec. 
(iv) 	ddtes eppear to be possible at the end of spLLlw '. 
iv) 	Waves in the dowi strewn channel would be a problem,, 

., pi48 OF ROLL }t MUMS. 

The solid type roller buckets have been used tit many places, 
the details of which are given in table 71, It is seen that this 
type of bucket have been adopted for discharge intensities upto 
more tbda 1300 Cuseos, 

The slotted type rolle•.r bucket have be Used in U.S.A. 
at gosture Dam, Trenton Dam and 14istourt Diversion Dam etc, 
In our country the slotted type of roller bucket has been adopted 
at Kota Darn, in Raj asthan* The bucket at Kota Dam is designed 
for a discharge intensity of 1500 Cuseos while tot discharging 
Capacity is 7.5 Laos cusses. 

SCWONIC ACT OF ROLiR BU! Z T8. 

The use of roller buckets rewlts in large saving in 
construction ao st s. In case Of Grad Coulee Dam a hydraulic Jump 
type basin was firgt proposed# T. is required a parabolic apron of 
huge thickness, The fig. " Is shows the concrete quantity 
required for hydraulic jump type basin ,dad roller bucket basin 
of Grand Coulee dam which gt've 	i idea how economical It is to 
provide a roller bucket. Similarly in case of 	igostura Dan, 
the slotted type of roller bucket proved very economical as 
compared to sloping apron. According to Slevatorskt9 the saving 
in cost of basin anounte to neait7 5, 00, 000 dollars,, In our 

L1 Kr:ii Y (/FYI cK.~l 1 1 r k frtl 
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country the slotted type roller bucket have been adopted at Kota 

Dana (Fig .?-19) as i t was found chewer in. comp ari eton to bydrauli o 

jump basin* 
Though the initial cost of roller bucket is lens th& 

b rdr ,lic jump stilling basins, the maintenance cost is heavy 
vhicb may sometimes QfIeet the initial. saving in construction 
+fast, During the functioning of bucket of large anoun.t of debris 
and river bed material is sucked inside the bucket, particulaity 

in case at solid roller buckets, This material causes abrasion 
and erosion inside the bucket. For inst rce in case of Grand 
Coulee Dam a volume of erosion equal to aver eg a depth of 2'1  
thoughout the bucket length was observed, Such type of erosion. 
creates difficult and costly maintenance problems. 

In the above paragraphs a1 attempt has been made 
discuss the hydraulic design of roller buckets. The factors 
affecting the design of solid and slotted type roller buckets have 
been dealt in detail. The design procedure for both type of 
buckets have been mimmarised. Some exoples of the roller buckets 
adopted in this country and abroad, have been given. The ecor omio 
aspect of these types of buckets th reference •to hydraulic 
jump type basins has also been di sous sedgy► 
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RAT GTOfl *a 	te BU1T  
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The trajectory or dtjump bucket is used for energy 
dissipation where the tatiwater  i s inadequate for the formation of 

hydraulic Jump and. the foundation strata consists of fairly good 
roc,* it is ca' led a i3omp bucket when the taUwater is always 
below the lip of bucket. in case of traj ectory bucket the tailvater 
may be above the lip of bucket at least for certain ravage of 
discharges. In case of the ijump bucket the jet is always throw 
in the air without any obstruction due to tatiwater, while in 

traj actor r. bucket the water j at is thro*n up pusIig the tatiwater 

Tiero i s hardy it energy di s sip.atton in side the bucket 
Itself, The bucket* however, deflects the high velocity flow at 
the toe of spillway into a high trajectory jet in the air which 

finally hits the taiiwater and river bed for do stre n. The energy 
dissipation,, therefor% takes place due to Internal turbulence In 
the jet,# frictional resistance of .surrounding air, surface tension, 
diffusion in tatiwater sod wally Impact agatnst river beds Before 
diffusion in tatiwater, the jet may partially  disintegrate re sul thug 
in water drops of various sizes and thus reducing the impact* in the 
Initial stages, there Is appreciable scour in the zone of impact 
resulting in formation of deep pool which later acts as cushion for 

falling water to chum and absorb energy. Since this type, of enexg3r 
dissipation arrangementt is restricted to structures where stream 
bed is composed of fairly sound rods, the scour taking place 

sufficientlyy away from structure does not progress towards upstream 
and thus the safety of structure is not likely to be et &jepRg ered.. 

avatordc 9 classifies the buckett as high and low$ 
depending upon the location with respect to river bed (Fig;8..j) , In 
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case of high buckets the tailwater is be .ow the lip epd the jet 

is deflected and thro* clear in the air striking the tailwater 

away in the dounstrea~n of bucket. in ease of low bndkets which are 
placed quite close to river bed,: tailwater may cause resistance 

to throwing of jet. It the 'tailwater Is quite - high at low 
discharges, the roller formation may occur though it will not 

result In effective dissipation of etpk.'* 

The factors which govern the design of trajectory bucket 
are I- 

1) 	Budet shape, 
(2) 	ittrai.ce sad exit slopes„ 

(3 	BLevation of bucket lip. 
(a} 	Trajectory length. 
(5) 	Arcs siou by Impact of jet, 
6 	Shape of lips 

(7) 	res we n 	
et as a result of dynamic effect of 

The she of bucket may be circular or parabolic,.: but 
generally the former shape is used. The parabolic shape of bucket. 
has been used in the case of Anchor Dam. According to 
Siavatori9 this shape provides a smooth water surface without 
Increasing the size of the structure. The model studies for 
this Dam indicated that circular bucket causes more splashing 
and vibrations. The circular shapes of buckets have been 
extensively used in , Indi.a as well as abroad and the performance 
has, been quite antisfactory., 

There is no rational formula for the determination of 

radius of bucket. The radius is generally finalised on the 'basis 
of model studies* The minimum limit of bucket radius is governed 



by the requirement that no excessive splashing or rough water 
surface occurs. For most of ext sting structures the radius lies 
between SD's to 601 4th a few exceptions where the radius greater 
than this r .e have been adopted. For ex nplee in case of 
0dbisar Danein 4adhya Pradesh, the radius of bu .et has been 
kept as much as 1000 feet. 

Some emperi c, » toi nul ae have been evolved by various 
authors for determination of bucket radius. The sage are described 
below sw 

According to Vu t Te Chaj22 the radius of bucket in 
feet is giv 	by 
R 

where V a Velocity of flow at too of spit . 	,s' 

H « Read- in feet excluding approach velocity head on 
vtllway crest, 

Schok il. t ache' s formulae 
1,5 Hai 

where Rd 12 signed head over 	illway, 
fit) .. ! A ~ 

where h the da.pth of, overfLow, 
a z fall from the crest, .sptliwayto thi invert of 

bucket* 
(IV) 	Gutbree Erosuggests that bucket radius should not be 

less the three times the maximum let tht ea.s, 
v) 	According to U.S,B.R,1 they radius of flip bucl et below 

tuanal spillways, should be at least four times the 
maximum depth of flow# 
The above formulae for de terrain attcn of bucket radius 

are generally used as guides only.. The radius is fin all? adopted 
as stated aarliair,, on the bats of model studies. 

The entry d exit angles affect the performance of 



bucket,* According to g ,evatorski31  the entrance slope should not 

be very steep so as to cause erratic uneven flow. Normally the 
Lope should not be steeper that 4 vertical to one 1 rizcntal, This 

can be ascertained from model studies. The exit anglo affects 
the let throw oft`, Adequate deflection can be provided 4th angle 

of 2?6  to 34O, The maximum range of values for the angle vary 

from j0  to 45°. The greater the angle, the g treater - the defl*ttofl 

o Jet further do*.siren and more spray is produced*  but it 411 
require more concrete and therefore the bucket 411 be more costly, 

The steeper the angle, more the jet will disintegrate and slow 
do by air resistance which will cause steep entry of jet in 

ei'lwe er. 	th steep entry the vertt cal component of jet 411 
be greater $ resulting, In greater tendency of the jet to dig in the 
river bed and thus dissipating energy,*  When the entry angle of Jet 
is tatiwater is flatter, the magnitude  of horizontal component wi1'ibe 
greater and high velocity flow may persist downstream of impact 
area for a good distance i ' the river bed is not erodible enough 
to from deep pool. The high velocity flow in river may erode the 
river banks, 

The other factors requiring consideration while fixing 
the lip angle are the negative pressure at sod of lip and Impact 
on the lip#  The pressures at the and of -lip depend quite a lot on 
lip angle in addition to head and discharge, According to 
`ogLar and Dde23  it the high exit angle is provided, there is 
possibility of negative pressures just before the edge of the sill 
due to turning of the jet 	 the dot ward dIrec ion as it leaves 
the bucket, This can be minimised by lowering the and sill angle 
to a sight 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 comparatively unaffected. even when angle i s lowered 
sobstautia,ly below 450*  It is clear from table 8.1 that with 350 



angle the loss of throw is only 6% of the maximum throw and with 3Q0 
angle the loss of throw is less than 14%. This with a little 
loss I. throw the pressures at the and silt are i.mp.roved. The 
table No. 8..1 also shows that relative horizontal impact goes on 
reducing}, as exit angle decreases,# It is also seen from the tabl, 
that the, relative impact on the sill plus the relative loss in throw 
for a slope of 0.75* 1 ( '0) is only 4% while the horizontal impact 
on the ends'ill get reduced to nearly '3rd as compared to UI sips. 

Ta4e No 8i. 

_dative reduction in impact an 	13. or. 	capes_f .attgr_than 1:I 
- - sr _  w 	_ 	a ~r — 	—, ~r ar • a~ r~ 	ire 	wr 	. 	= 	a 

i e slops Relative Eslative loss Sum of 	Remax: s (dg roes) t hori 	tal in. throw 	- (3)&( 4) 
impact . (traction of 
C compared to maximum throw) 
vertical sill) ( 1~► sin 	) 

_ 
w a -. - IY a 0% — M l0 	*a 	a 	ors 	$Y! 	+rE 	ale 0w W 	wow 	- +w -Wr 	60 	- 	Mr = rY ._ 	a* 	w +r 	wY 00 	40 

alf.. 	a • a 	— MMs 	if! 	rr 	i. s — IAA. - - • it ._ w. 	— 	rr 	,si 	— 	ar 	~r 	.~r r► r irr r► 	s 	+At 	r it 

45 1.0  0.3 0.000 Q.2D3 
43 0.93 0.269 0.002 0..271, 
41 	. 	. 0.87 0.215 0.010 0. 255 
39 o.e i . O.20 0..022. 0.240 

3? 0.75 0.201 0,039 0.240 Minimum 

35 0.70 0.181 0.060 0.241 

30 058 0.154 0*134 00268 

~y 	w ~, 4 — m .r ar .0 	s 4w A. w r +r rs wk —: 	. ~r r — r • — w r — #a ab ao — 

Joglaker ap d D, le are also of the opinion that if the 
angle of throw is too low and bucket is not high there Is likelyhood 
of free Jet being in suf `iently areated which may lead to supressiae 
of jet, creating conditions for, development of subatmospheric 
pgessuires at the end sill* In case the low gle is- adopted for my 



other ream, and with the posstbtlitysupresston of jet, the 

authors are of the op ,nion that the measures for areating the silk. 
with air ducts and pipes, should be taker. 

It is clear from the above discussion that extensive 
model studies are necessary for finalising the angle of lip,* 
.l8Vat1 l of _Bucket XLi. ~s~r4owwr~r~rrWrsfrarwrrwrrr►warrwMwr7r 

The pe rfonnanoe of bucket is greatly affected by the 
elevation of bucket lip, The length of trajectory is influenced 
by the. € evation mf l p,,I f - the lip elevation tenet  high + oug h. 
above the river bed, the J. et may be unsUaAy and its notion, 

nu eats. staoior7. The rai sing of level of bucket lip excessively, 
may require considerable qu ttty. of concreteand may mean 

increased erosion at the point of. fall„ There re aye no definite 
rules for fixing the lip elev ►tton„ According to Elevators ig 

the studies on .pine Fiat IDam indicated thebuck.et lip elevation 

should be sate. as maximum tatiwater elevation. For circular buckets 

. levatort31 on the basis of existing dstgn 	ggets that lip 

height 's' above the bucket invert may be adopted as Bi ven be3.ows.: 
For -high bu ets r sO,IOR 
For low buckets, ' a O,,1 R 

where 	A is radius of the bucket, 
Tra1' eetoi* Length, 	 I 

Probably the most important msideration in the design 
of trajectory bucket I s to determine the distance from bucket at 
*t oh the deflected jet will strike the river beep' ` t the Erie. 
- ,on , retardation of air and disruption of jet is neglected then 
the horizontal and vertical component of jet trajeotorr is given 
by (ig. $..2),► 

.  	 rMiMgYlYi#U1M11  

g 



VO 	as friction is negle 	.. 
U 2h sin SP 	

ww 

 

Z : h sin 	 4) 

q ( cep be converted in dimensionless form by dividing 
With I' the vertical distance from maximum pool level to river bed 

According to levato.r*t9, the measurement made by Obleny 
dad Maitre at St o  Atl enne.,Qautses eAd Cb5stg Dgn in France, for 
flows less than half of maximum dischaze indicate that nearly 

% of total energy is dissipated by interaction of jets with air. 
To compensate the redaction of velocity end loss of energy of Jet 
during flight, the use of following equation is suggested by 
.Slevator&i 

: 1.9k gjfl 

The maximum value of trajectory Length vi].l occur when 0 
is 450 as stn All then be maximum i.e. unity. The curves for 

versus J based on eq (6) have been plotted for Up angle ranging 

from 100 to 45 and are .show in fig, $5. The experimental resuj.ts 
for P$neflat Da2  for M6del eAd .pl'otptype are also marked in the 
figure, It is seen that the experimental results of Pine flat D* 
eAd other dams agree quite closely With the" curves. The model 
and protptype studies made at U,,S*B,*R*l  have indicated that  prototype 

trWeetOTV length is shorter th an the model or theoretical jet and 
has steeper angle of entry into tatiwater. It has been presumed 
that this difference is caused by greater air resistance encounted 
by the high velocity prototype jet. 

The above equations show that trajectory length is not 
affected by radius of bu&et v  levatort9  indicates that 



azperimen tat.. studies conducted for Ilarfwet1.,, dva have shout. that a 

larger bucket radius - causes the flow lobe  de :eeted. slightly!, 
higher mad further downstream the does , a. , all radius bucket# . 

It has been stated above that theorattca13. ►. ra ! c ory 
length on a horizontal plane passing through, the point; of prof eat.. 
-ion, will be maximum at 450 . eAglo of lip. The, mode., studies have 
sho rt that 00 lip. angle does not always give the maximum length 

of 'raj ectory 'due to air ,friction did dispeston of et and the 
trajectory length observed for extt ang es 350 to 400 is found to 
be ma .m im. The experimental studies +i o ducted by Rouse, Vow 
and atzfe 32 rails studying the range of fire monitors, indicated 
that maximum horizontal throw occurs at O instead of 460,, 

In ,case Of ttjump buckets the lip is at much higher 
elevation than the river bed. In this case the theoretically 
maximum throw Will not . occur at exit angle of 45°f the angle at 
which the maximum theoretical horizontal throw will occur can be 

derived as below (Fig oO.- 
AC a„ „an 
Level 	fferen Is betwefl B and Ii a►, 	n 	.........,. 3 
Time tEen by ,jot ...to- fall from B to D 
t /.a.( h —~- 	;y Ygi i1►~i 	 {Alueinr.wnwwrwrw► i++rtNr~l~+rrN•+M+wawrFr 	- 

• 

'2 

Horizontal distance between B and D a VoO 	x. t 

where 	is the horizontal velocity of a  
The total hori zon to ►i throw from A, to D 	4 B D 
X * ! * + Vq c~*  	; h 
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simplifying we get aoseC'!m/2  
4 

Knowing Vo, the exit velocity aid g, h, the lip angle 

which will give theoretical maximum horizontal . throw# can be 
computed from equation (11). 

The above discussion indicates that actual trajectory 
length is generally different from theoretical length because of 
4r' resi steA ce and dispersion of jet, it is, therefore, des' reable 
to conduct model studies in each case. 

, ra on By impact - Qf t. 

The extent of Likely erosion of bed material due to impact 
of jet, is also an important factor to be considered in the design 
of bucket,. If the erosion or scour is more and travels towards 
up stcte side the structure un self win be endangered, According 
to SlevatorskL '1  the factors affecting erosion are$ 

U) 	Velocity of  Jet. 
(it)Thickness of jet* 

itt) 	igle of inclination of jet entering the pool. 
(1.v) 	Depth of tatiwater. 
(► 	Characteristics of river bed strati* 

The veloot ty is dependent on fall of water.,* The jet 
thickness is dependent on dischazge intensity and velocity„ Thus 
intensity and velocity affect the scour greatly. Tae offset of bu. . 

*d et lip angle has 'been already discussed earlier to this chapter, 
The lip angle fixes the angle - of entry of jet int tatlwater and so 
Impact on the river bed, The tatluater depth proAdes the necessary 
cushion for the entering jet* This .results in loss of energy 
by di fusion of high velocity jet in pool created duo to tat water. 
Thus the greater t iilvater depth reduces the extent of river bed 
amour* 

The most dominant factors which affect the scour is the 



type of river bed strata i.e. homogeneity of mater1.at, presence. of 
,eaves id bedding planes in roc ,etc. The scour in the arsa 

of impact starts with removal of soft matertat. The dynUtO 
pressures involved In the impact, act 	uu h the crevices and 
bedding planes and huge chunks of rod are bodily lifted and 
carried by the flow. 

Besides the above factors, frequency of operation of 
s► ...way and the duration of operation also affect the scour# The 
greater the frequency and duration of operation the greater the 
scour is likely to tae place. 

According to Damle, Yank atrna and Dosat33 who carried out 

studies on model and prototype considering only two dominant factors 
I. e. discharge intensity q and height of fall Et the scour depth 
is related to product of q and R In following miner.* 

a ( 	H 	 +Mw►s+rsrwsra.r.Mrwwrsrwrrr►rt+w+www rwr.r~ 1 

►er ►dsw scour depth letow taitwater level*, 
a$ b : eon tan%s. 
The Value of a, b, for maximum and minimum value of de 

were found as 0.369 0.50 and 0,Z, o,50 respectively, The authors 
recommend these values for evaluation of scour w th the help of 
eq (12). The Logratbntc plot between, value of ds and (q indicates 
aq general trend and fairly good correlation with actual observed 
values on model and prototype for certain dams in India e.g. 
Mai thou, Pauchet Hill, irat ud, Gandhi Saga; Maudira and Til aya 
Da i (Fig. 8.8), 

in the ab ova study no effect of angle of lip, tail water 
depth eto, have been considered as no experimental data was 
available. Due to these limitations the formula given by the above 
authors Can only provide some rough idea of likely scour in a 
particular case. The estimation of anticipated scour ta usually 



made 4th the aid of model ,  studies. In this connection It may be 
pointed out that the estimation of anticipated scour is more 
qualitative then quantitative as in a model it t  is difficult to 
simulate the protype conditions* 

ap OfLi, wwMnwrwNwrruI.- . 

. .evatorskL3' has suggested that bucket lip should be 

dentated for better distribution of flow over a lamer area of 
river bed than the flow in a plain curved bucket. e t*  The slotted 
bucket lip will cause alternate ridges and troughs In flow as it 
spreads longitudintly, According to above author the studies 
conducted for CleVelm d Dam have indicated that si of corrug at. 
4ons increases with the increase of discharge,, The studies haver 

also been carried out by Upp.l- and Singh on this problem an,d they 
called it double Jet deflector? as part of flow is directed by 
sputters and shoots into air while the remaining flows through the 
slots ap d deflected into air as independent Jets. Due to flaring 
eaten sicas i e'ts from adjoining sections interact with each other 
leading to dissipation of substantial portion of energy. rgy. As a 
result of splitting up and interadttoa brought about by double j at 
deflectors it is observed that the rise of jet decreases where as 
the spread of jet increases roansidora"bly, Thus the energy gets 
di strib ated over a greater area of the river bed and the scour Is 
reduced# 	The reduction in scour i s stated to be nearly 0% of solid 
bucket Up type of arrangement It Is also stated by the above 
authors that cavitation on sharp edge$ of flow can be controlled , 
by rounding or chamfering the edges. 

It is felt that the above type of bucket Up can have 
flmtted use. This type of arrangement in the bucket may be Useful 

in trajectory buckets as the tailwater will generally be above 
the lip . elevation and the hydrostatic pressure on the lip wilt reduce 



the th cesof cavitation#  In case of the ski3ump buckets, there is 

more likelyhood of cavitation whi velocities area high and there is 
no hydrostatic pressure above the lip. Thus, this type  of lip is 
not likely to be suitable to ski, ump buckets, It has also been 
claimed that with the a raagemeit of double jet deflectbrs to the 

buckets, the area of impact of Jet on the riverbed, is .largod id 
thus the depth of scour is reduced,, This fact may not be much useful 
in actual practice as the adoption of trajectory or ijump bucket 

presupposes that the scour 411 take place where the jet strikes 
the river bed resulting in the creation of a pool which will later 

act as cu shion for falling jet of water,, it may be better to have 

a. deep pool of smell area than a shallow pool, with large area. The 
base consideration however, remains as stated earliar that the 
scour should not travel. upstream so as to end er the structure 
itself. 

DL $t!. b' u-  Z1 fl u etrr 

In design of this type of bu• t.et, alp import t consideration 
is the force which is exerted on the bucket by water as a result 
on d 	i o effect of curvilinear flow over it. The t tail force 
caused by Jet deflection can be determined by applying the momentum  
equation after ma tng the assump Lion s that the jet deflection i a 
parallel to the slope of budget lip#  However this does not give 
the distribution of pressure over whole of the bucket„ Th other 
me#bod for the determination of pressure is by ctr1. fugal. theory. 
The pressure can also be computed by assuming the flow in the bucket 
as irrotattonal vortex flow. The above mentioned methods as 
discussed here, 

U) Momentum Th i- 
The pressure exerted on the bucket can be evaluated by 
calculating the impact caused by charge of momentum of 
water deflected in the bucket* 



Force mas z accel uratton s rate of eh ig a of momentum, 

or 	F a mx (W ocoEo) 

where V 	Velocity of water at invert. 

Yo a Velocity of water of exit. 
a angle of projection.  

m a mass of flowing water* 
This force will be on the budget b ween invert ,and exit  

of at, Let the difference in elevation between invert and exit 
end of bucket is' h' 

The force/ft of elevation a m( V Vo fir ) z 

(Li) 	Cintrit et Theory- 
The now of water through the curved bucket x.11 exert 
centrifugal farce is addition to static head of water„ The 
Total  force on the bucket will able be the sum of centrifugal 
force eAd static bead of water. 
The centrtigal force 

The static pressure/ft : Id, whew'! is Unit* weight of water 
and d is the, tbic hers of jet. 

Total pressure/ft. of bucket :(!+'1d) 	 . ,14) 

(iii) 	Pressure by Considering Flow as Irrotational Vortex Flow;- 
The determination of pressure distribution by con side ring  

the flow in the bucket as irrotattona]. vortex was suggested by 
d r u a3'% The same has been discussed by al .oftet and he has 
tried to compere the pressure distribution so arrived with the 

experiment, data obtained from model tests . carried out for IHattwall 
and Pine Fat Dams. 

Doume assumed the velocity distrib$tion on the bucket would 
be that of irrotati.onal vortex,* For this flow patterao  aU the 
stream lines near the bucket boundary are circular and concentric 
iith the bucket, The stream lives % and eqt el potential  liars 



can be de texmined by the function, 

k ZC 109 r z constant. 

z. 	« coon start„ 

The absolute velocity can be expressed as 
J _ - -( 	 irr~r~n.r+wr.r wwir rirrr•rr+er,s..~.Ywarw+Wr+. M.wwM+M+Me~. , 

where K i s a con st t and r is the radius of any sere . 
line. The figure 8.6 shows that the uppermost stream line has radiu s 
(I«d) where ' d' is the thickness of jet passing over the bucket ,ppd 
R is the radius of Budtet. The difference in ptezoaretric head 

between point I and 2 located on upper stream line and the bucket 
is obtained by BeMouiW..' s equation applied to i.rrotati.ona". flaw, 

The pressure at point 1 is atm.ospherin. According to 
Bernoulli' s equation 

1 	 2 , -z2 42 2 = O -~- Z -4 v 

Y 	( z1 - Z.) 4- ~? L 3 

sz 
2q  v~2 

From equation (15) it is ,nom that velocity is inversly 
proportional to radius, 	 . 

ILd) zVI 	R z 

or!  
• Vi 	a 

bstituting the value of 	equation (16) 

-i- v' 	d )' ] 	- - - 
f 21~ R 

Cons deriag_the loss over spillway as negligible V1 can be 
taken equal to ~ where Ht, is the difference in elevation 
between maximum, water surface tiid point 1, lroma this it can be 

seen that VI 411 al so . vary according to }t while an I rrotattonn at 
vortex pattern of flow assumes that V1 varies alongw4th radius. For 
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high darns the variations in Et at different points in bucket is very 

~majl. Therefore point I is selected at lowest water surface eleva-
.tton over the bucket and so 

Ut a B1, and 	N, 
29 

P can be determined it thickness of jet 'd' is kno, The 

discharge tntestty q is ; non. The d4 eaf be de ermined by 
integrating the velocityas be ows.. 

IR Vay 
R-cL 

$tibstitittflg the value of V in tests of V1 with the alop of eq( i ) 
a 	RR d,v.d~ 
* 

R.d)  dY 

V1 (Lci) ].0g 	 2C)) 

By expanding in log series 

	

V, (Q-d) [cl + 1.- Cd ~' + s ~ ~3~ - - _ 	_ - - - - ~2i ) ~- ~ 	3 R 

Nor from (21) d eaz be determined as other things are kno n. 
The approximate thickness of Jet Can be determined by 

neglecting the variations in velocities across the flow. 

wwwwaw+rwaw+rwr~.rr+w+rwrwrrrr.rwrrnwrit►r, 22 ii 

The maximum  ma4mumpressare will be at lowest point of bucket as 
is maximum and Is equal to +d at this paint. Tt s from eq (18) 

- 	
+ 	_ i )2 I\ 

R 

Knowtng the maximum pressure, theoretical pressure diagr 

can be determined as short in Pigs 8.7. A circle is dray with colts 



at the bucket cents d radius equal to (114-h), Then the pressure 
at'. any point A may be represented by radial segment A B equal to h 
minus the elevation of point *4th  respect to lowest point of the 

bucket surface.. 
In the above discussions  the curvature of flow is assumed to 

start at the point of tan sy between spiUway and bucket. Actually,  

the flow curvature starts from up stre+en of begining of bucket, 

+r a thin flaw however it may be reasonable to assume that flow 

curvature starts adore to tangency point# 
►allotfet made a compari stop between theoretical and 

experimental pr ssure distribution in a bucket,, This Is sho a in 
Fig, 9J7, The experimental  and theorett at values egree fairly.. 

The disreement at ends of bucket may be due to assumption made in 
the p receding p ara, B alloffet also made comparision between maximum 
theoretical pressure and the experimental data observed on models 
forHartwell and Pine Flat Dm and is shoi in Fig, 8,.8, It is seen 
that the best fit straight line can be expressed as 

hexperimental. ► 1.16 h eo' reticat 	 warw►rrawrrwr+w( 25) 

While computing the theoretical cal pressures d was calculated 
from eq (22), Whoa. d was computed from eq (2) and pressure was 
'computed from eq (24) with this value of d p the comp ariston between 
ma4muffl theoretical pressure wi th ezperiinentauy observed pressure#  

s ahoi in `ig0 8.9.. The beat flt line can be expressed as 
b.eper.m tat 	1.02 htbeoretical 	 25) 
prom the above it is seen that irritation  theory provide 

batter closeness between theorttcat and experimental values Of 

maximum pressures*. 

In a converging spillway the disttibutiou. of discharge over 
bucket may not be uniform* The maximum discharge may be at the 

centre of flow iength, In and cases the pressures over the central 
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portion of bucket are greater than contemplated based on the essamp_ 
..tton of uniform dt scha a intensity. At the sides the pressures 
are less over the bucket„ 

imparision Of Pressures Calculated By Various Methods :.. 
The pressures on bucket were computed 4th the help. of above 

three methods in the case of N raja Sager Dam ` ose bucket 
elements. are as under *- 
&n try slope. 
Bucket radius 
Angle of lip 
Di, scharge intensity, 
Velocity ,  a~: invert of buckets 

Velocity: at.., ' t of buci et,, 

O.7toI 
90 ., ft. 
300 

800 cusses 

138 ft/sec. 
133 ft/sec. 

The 'pressures cad. Cul ated by three methods are flue$ below:. 
Y M M M •- 1M • 4/ M w,r wi aMr wr A w rl aw it 	rr 

.No. 	Method 	 Pressure in lbs. 
++R .- - - - - ar .r ~. 	_ 	r. - - w * «w - rr «rw 	' - 	 - *  

1. 	Nomentum theory 	 B0 

2„ 	CenIrifug aL them 	 42 
3 	I rro t'stiou , vortex flow 	290 

From the above it Is seed that pressure computed by momen tum  
theory and irrotation vortex flow theory are very close while the 

pressure calculated from o trt.fug ]. theory is quite on bUbb 
side as compared to the other two methods, 
JXi4PL1iB OF TRATlCTORY D UJUMP BUTS. 

These type of energy dissipators have been used extensively 
in India and abroad„ The Table 8«.iI and Fig, 8-1p give . the details 
of pro3eCts In India where this type of energy dissipation arrange. 
meats have been provided or purposed to be provided. Besides the 
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bucket elements the type of strata available in river bed has also 

been indicated. In table 8..111, the details of trajectory type of 
buckets used in projects located in foreign countries have been 
given. In table 8.IV the details of sk. ,jump buckets used in projects 
located in different countries have been glveno 

The above tables clearly indicate that trajectory or 5,i3ump 

type energy dissipators. have been used for discharge intensities as 
big as 2690 cosecs. 

pARFU 4 QS OF IJUMP BUTS IN INDIA. 

In India. the d ijump backets have been adopted In mewy des 
some of retch have been completed and the spillways have operated 
for some years. Some of the spillways have functioned to its near 
maximum capacity while the rest have not yet functioned to its full 
cepacitp. The details of these sUijump buckets are given In table 
No. 8..1I serial No. I to 8. . study on the performance of - these type 
of buckets was conducted by Randa and Thomas W on six dams i.e. 

Hiralcud, $than, Tilaya, Patchat Ru ,,. Gandhisar and Rthand Dam, 
and they have indicated that the performance of these buckets have 
been satisfactory* The scour pattern has more or less followed the 
pattern anticipated on the basis of earliar model studies and is 
sufficiently far away so as not to endanger the main structure. The 
bed strata of the above mitioned six spillways is fairly goods, 
BciIc ?ACT OF 3UJUMP OR TRAT GTORY B13(  

It has been already stated earlier thht this type of 

energy dissipation arrangement is usually provided where- the tail. 
.water depth is inadequate for the formation of hydraulic Jump and 
the bed starta is composed of fairly firm rods. This type of 
bucket can be adopted provided foundation strata permits, even where 
the tail water is adequate for the formation of Jump as this 411 be 
cheaper than hydraulic Jump stilling basin. Where taitwater Is 
inadequate the adoption of hydraulic jump type stilling basin. 411 
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require a depressed apron below the river bed level to provide the 

adequate tailwater depth for the formation of Jump. The prov sion 

of depressed apron normally requires huge quantity of ro excavation 

which makes the hydraulic jump stilling basin very costly* The 

adoption of trajectory or s .i3ump budket, therefore, is obviously 

very economioat in comparision with hydraulic jump stilling basins. 

For instance in case of Rjbe1 d Dom in Uttar Pradesh the details of 

which are given in table 8.1z, the economic studies conducted bt 
RehEAd Design Directorate 	showed a saving of 4 30 1 h over 

hydraulic jump type stilling basin* 

In the above paragraphs, the various aspects pertaining to 

trajectory or ijump buckets have been discussed., Its 

suitability and design considerations have been dealt in detail. 

The examples of these type of buckets in India and abroad have been 

giver.. The performance of these buckets in our country have been 

described. The economic aspect of these buckets vts..aovis 
hydraulic Jump stilling basins, have lso been discussed, 



o H A? T . 

ôONcLuIos , 	cDIc.  

The aim of the present study has, been to review the 
exi sting availablea know]. edg a on en erg y dissipation arrangement s 
which are commonly adopted below dan spillways* In this initial 
chapters an attemptt ha been made to discuss the basic charact.. 
.per. sties of hydraulic jump on a horizontal apron, fully sloping 
and part sloping part horizontal ,apron. After this, the choice 
of particular type of energy dissipator with reference to 
hydraulto conditions have been dealt with. This has been foi.loc d 
by discussion on each type of energy dissipation arrangements vvz. 
( 1) hydraulic jump type stilling basins utilising horizontal 
apron, sloping apron and part sloping part horizontal apron, 
(ii) roller buckets. so .id as well as slotted type. (iii) Scijomp 
or trajectory buts. 

From the discussion on basic characteristics of jump 
on horizontal apron it is seen that the length of jump has not 

so far been determined, accurately!  No rational„ formulae have, been 
developed for the sane. However it can said that the existing 
knowledge about the jump length is quite adequate for the design 
of stilling basins utilising hydraulic jump as energy dissipator. 
This is so$  because the stilling basins are seldom designed to 
contain the full length of Jump„ As regards energy dissipation is 
concerned , there is not much controversy about the clear Sump 

being more efficient that the submerged type of Jump, Some 
authorities are of the op ion that the energy dissipation in a 
submerged jump is not much different than the clear jump as long as 
submergence is about 1p% or so,. 

The length, of jump on a sloping apron is so not beyond 



con trrovery but the existing kno dL edg a is quite adequate for the 

design of stilling basin for reasons pointed out in the preceding 
pars. 	The energy dissipation in a jump on sloping apron has beect 
studied by very few authors, The existing Inowioe Indicates that 
the energy dt ssipattou is a jump reduces, with the increase of apron 
slope* Ire spi to of thy, ih - hydr li c Jump type stilling basins with 
sloping apron are favoured as the Jump is most effectively controlled 
as compared to Jump on a ho ri son tal apron, 

In chapter 4, the , &$rauI3e design con stde►rationn and 
choice of enemy dissipators to it the various typ~,O of site. 
conditions have been di, s u ssed, From the dt s +tssion'1,tt is clear 
that the choice of energy di ss .p ator is dependent ou bydraultc, 
topographical and geological conditions at site, 

The hydraulic j cusp stilling basins have be a ten lively 
used. The stilling basins with horizontal apron general. 7 utilise 
the various appurtenances such as chute blocks, battle pt,~ s and 
end sill to reduce the length of Jump cad to control and 	re the 
formation of jump even with aX little less tailwa ,r. The,.\ ount 
of reduction in basin length due to usek of appurtenances stt1'~, remains 
a matter of controversy but the general opinion is ,that the b4 t 
length can be reduced by 1/,3rd to 2/3rd, The use of baffle pi 

is not favoured where the velocities are greater the 40.50 ft/`'' i 
to avoid cavitation, As regards shape and placing arreAgement ` k 
these appurtenances are conce $ 0 different authorities have \. 
recommended different arrangements but the general opinion Is t pas 
baffle piers as rear as permissible Without causing !cavitation.;• 
puZpose is to create as much obstruction as possible vithout 
developing cavitation. The use of these stilling basins with ; 
appurtenances are recommended for dens of low and .modtum hetgh , 
In high dams, high velocities are involved and as the use of oe 

t, 
k, 



of the appurtenances is not favoured for fear of cavitation , 
the control o.f jump becomes extremely difficult. I. th slight 
diff .aienuy in tatiwater the jump may sweep off the paved apron 
and scour in the downstream may result which may endanger the 
structure itself. 

The stilling basins with sloping apron utilising 

hydraulic jump as energy dissipator, are suitable even for high 

dams involving large discharge intensities and high velocities. 
The jump movement on a fully sloping apron or part sloping part 
horizontal apron has a limited range and there is lass liketyhood 
of Jump being swept off the paved apron. The tatiwater  require.. 

.went goes on reducing as the slope of apron is increased but the 
rock excavation -increases leading to increase in cost of stilling 
basin. The rock excavation Can be reduced and stilling basin 
can be made economical with the adoption of part sloping Id part 
horizontal apron though the tatiwater requirement is slightly 
more than the corresponding case of fully sloping apron. The 
quitttative reduction in tatiwater requirement for different 
sloping aprons apd part sloping part horizontal ,epronN have been 
discussed in Chapter 6. The charts have been prepared which will 
be very useful. to they designer in selecting the most ecQnomtc4 
combination of part sloping and part horizontal apron without much 
trial, to suit a particular  hydraulic condition*  

The discussion on hydraulic jump type stilling basins 
will be incomplete without mentioning the limitations of such type 

of basins for use below gate controlled spillways. The hydraulic 
jump stilling basins are designed to function for a particular 
t lwater and Jump height relationship, Tb 8 presupposes sea that 
the discharge over spillway is flowing Uniformly over the entire 
length of spillway which is only possible when the crest is 



ere-st---is uncontrolled or the gates are so operated that these 
are lifted equally in all bays. Such operation of gates is hardly 
possible In actual practice. In such cases the Sequent depth 
required for the formation of hydraulic jump within the basing  will. 
not be available and the basin yr .11 not function as anticipated, 
Therefore this aspect needs.be considered while selecting this type 

of energy dissipator. 
The foller bucket type of energy dissipators are suitable 

where tailwater is in excess of Jump require t0  This type of 

bucket is definitely cheaper to hydraulic jump stilling basin as to 
quantity of concrete in the former I a much less in comp art ston to 
the latter. The solid roller buckets have been used at many dams but 
these have a tendency to suck river bed material inside the bucket 
which causes abrasive action resulting in costly maintenance problems 
The slotted roller buckets have been evolved as an improvement 
over solid roller buckets. The provision of slots helps to ra ove 
the debris sucked inside the bucket and thus ensures self cleaning 
action. The design procedure of roller buckets have been discussed. 
in chapter 7, The design of these buckets is still in stage of 
evolution. Tlx: studies conducted by various authors a' d procedure 
of designs of different bucket elements laid dot by them, can only 
serve as a guide to wozs out preliminary designs, 

The trajectory 0* ijump bucket type eigy dissipators are 
recommended where bad strata consists of firm rock and tatiwater is s 
inadequate for the formation of hydraulic Jump. 	Where the foundat,. 
Lott condition permit, this type of bucket is cheaper than hydraulic 
Jump type stilling basin even where tailwater is adequate for the 
formation of jump „ 	The adoption of this type of bucket is eat. 
a .ly very economical. where tatiwater is Inadequate for the 
formation of jump and huge quantity of rock excavation is 

involved for providing epron at suitable level to ensure the 



tozrmattoa' of Jump*  As reganda per OflflaPCO Of these type of buckets 
It can be said that these have functioned satisfactorily In this 
country. The design considerations of these type of buckets have 
been discussed in detail in Chapter 8*  The fixing of bucket 

elements for a particular case needs4be based on existing knowledge 
experience on similar woks and model studies# The formulae 'for 
determination of likely scour where jet strikes the ground have 

not yet been evolved with a degree of certainty as there are. meAy. 
variables affeotng scour of which most important is the river bed 

material. At present the anticipated scour can only be estimated 
4th, the a' t of model studies which are more qualitative th 
quantitative. 

In the above paregraphs an attempt have been made to 

mmarise the conclusions arrived after conducting the present 
study*  The limitations of existing knowledge on various types of 
energy disstpators have been stated and it is felt that there is 
ønple scope for further study on the following aspects, 

Length of ,ramp on tally sloping  pron at higher range of 
Fronde , numbers, 

(ii.. Leggtb Of lamp on part slop ,ng and part horizontal, ;giprons, 

(III) 	,Hazy dissipation eharabterLstics in a submeiged. dump 
vis-a-vis clear jump on a horn z n t at. rcn. , 

(Iv) 	4nergy di sap anion characteristics about jumps on sloping 
1U , 

Reduction in length due to use of appurtenances in a 
stilling basin and relative location of ifforent 
appurtenanoe9* 

(vi) 	Design procedure of roller bu+c ,et elements; 	. 

vin) . 	Design procedure of Trajectory ectory or dtjuinp bucket elements. 

Lastly it is felt that the problem 0f enezgy dissipation.  
for each site requires consideration on the basis of particular 

h drea1tn ..topographical and geological oharaeteri'sttc , - The 



experience on .sm,lar type o ' exteting struatores , nd the presont 

kno Ledga atout designs of enexgy disstpators. can only help in 

w i Ung out the preliminary designs for a particular ease,► Thaw 
p refartnary de tgn s can be ftu`ati sad wi b. the aj.d of , model 

studies keeping due regard to the limitation of such studies, 
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