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PRINCIPLES OF ENERGY DISSIPATION IN 

EROS ION-CONTROL STRUCTURES 

The dissipation of kinetic energy in flowing water so 
that it wi ll not cause undesirable erosion is a problem which has 
pe rpe t ually confronted engineers and agronomists . Certain new 
approache s to this problem have b en deve l oped in the Hydraulics 
Laboratory at Colorado A and M Colle ge and this pap r is intended 
to present these i deas in summary form~ The princ ip l s to be 
discussed are chiefly the distinction be tween the relative merits 
of horizontal dissipat ion of energy compared with ve rtical dissi~ 
pation of energy, and t he use of gravel as a riprap mater ial for 
protection against scour. 

Broadly speaking, kine ti c energy in wat e r may be dissi­
pated i n the horizontal direction , in the vertical dir ction , or 
in a combination of both directions . 

Ener~y Dissipation in ,the Horizont al Direct ion 

As may be seen in Fig 0 l a , the dissipat ion of energy in 
the horizontal direction may be simply t he result of r oughness or 
drag on the boundary which will r e sist t he wate r and cause the 
velocity to be reduced and the deptht to be inc reased. Unfortunately , 
many hydraulic structu r es depend upon thi s principle for t he dis­
s ipat i on of kinetic energy. The resul t is that banks and beds .. are 
badly eroded because the material composing the banks and bed are 
not sufficiently stabled to withstand the heavy, shear and drag 
forces of the high- veloci ty water. Once the velocity has been de­
creased to magnitude which the bed and b ank mater i al can withstand, 
the channel wi l l remain stable. The use of boundary resistance 
alone, however , requires such a great length of channel that pro­
t ect ing it usually becomes an uneconomica l venture , 

The distance required to dec re ase the velocity and di s­
sipate t he kinetic energy in the horizont al direct ion can be re­
duced tremendously if the hydrau lic jump is employed as illustrat ed 
in Fig. lb . The hydraulic jump may be explained by the momentum 
princ ip l e of basic mechanics which is derived from Newton's fund­
amental equation F =Ma . 

The hydraulic jump i s a sensit ive phenomenon which may 
move easi l y upstream or downst r eam and t hereby be come ineffective. 
There f ore , blocks or sills are usually placed on the f loor of the 
channe l to help stabilize the location of t he hydraulic jump and 
to help reduce the length requ ired fo r it to tak , place. A very 



• effective and efficient design of a structure utilizing the hy­
draulic jump as an energy dissipator on the horizontal apron, to­
gether with chute blocks , floor blocks and dentated end sills , is 
the St . Anthony Fal ls Stilling Basin developed by Blai~dell . Thi~ 
development has proved to be extremely useful to hydraulic engineers 
throughout the world . The hydraulic jump is also used on a much 
larger scale in connection with storage dams . Notable among these 
are Norris Dam and Shasta Dam . 

De spite t he efficiency of the s tructures designed for 
the diss ipation of kinetic ene rgy in the horizontal direction , it 
is almost impossible to eliminate compl e tely the waves and some 
high- velocity flow downstre am from such structures. Therefore, 
it is necessary fr equently to protect the banks and bed downstream 
against erosion from waves and localized h igh~velocity flow . Such 
riprap protection has been found to be most effective . when applied 
in a graded form with sizes of material ranging from that of the 
bed and banks to the maximum size which is requi r ed to withstand 
the waves and high- velocity action of the water . 

Energ_y Dissipation in:the Vertical Direction 

The diss ipation of kinetic ene r gy in the vertical dir~c­
t ion involves the diffusion of a submerged jet int o t he surrovmding 
flow or tail water . Such a jet may be travelling vertical ly up­
ward, F~g . ld , or vertically downward , Fig . le , but the effective 
dissipation of its kinetic energy is always dependent upon the jet 
being submerged . 

The basic principles of dif f usion of submerged jets are 
illustrated in Fig . 2 . Ffom this figure it may be seen t hat any . 
jet issuing into a quie t body of its own f luid entrains ,·fluid ftQm 
the outside so that the discharge is increased as the energy is 
decreased . As a consequence, t he momentum flux remains a constant , 
provided the pressure distribution is uniform throughout . This is 
particularly noticeable in Fig . 3 where the discha..r'ge Q is seen 
to incre ase with distance x downstream , the momentum flux ~ is 
seen to r emain the same with distance downstteam , and the ene rgy 
E is seen to decrease with distance downstream. From the se data , 
it is possible t o determine the dissipation of energy which r esults 
from the diffusion of the submerged j e t . 

Examples of the dissipation of kinetic energy vertically 
downwa rd is the simple drop in an irrigation canal , a roadside 
ditch, or a gu l ly. This drop may be equipped with an apron which 
wi ll fo rce the horizontal dissipation of energy , or it may be 
equipped with a stilling pool in which the kinetic energy is dis­
s ipated vertically downward as shown in Fig . le . 
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A cantilever ed pipe outlet, such as a culvert under a 
roadway, is another example of a s ituation where the dissipation 
of kinetic energy may be vertically downward and is also i llus­
trated by Fig. le. 

The dissipat ion of ene r gy vert ically upward may be ac­
complished by a manifold t ype structure such as that shown i n 
Fig. ld and Fig. 4. I n this case the water is t urned i n t he struc­
t ure from horizontal to vertically upward and each of the j e ts i s 
di ssipated as it flows upward through the overhead wate r . When 
t he jets have reached the surface, the kinetic ene r gy has been 
l argely diss ipated. The energy which remains is spread out radial l y 
so that it too is rap i dly dissipated as it moves downst r eam. 

The Bureau of Reclamat ion has developed special we l l - type 
of structures which dissipate j e t s issuing ve r tica l ly upward or 
vertically downward into the wells. The se structures are extremely 
useful for spe c ial installations associat ed with the control and 
delivery of irrigation water. 

The flip-bucket or ski-jump type of spillway is an example 
of dissipat ion of energy in the vertical di rection or a combinatiop 
of dissipation in the ver t ical direction and the hor izontal direc­
tion . This t ype of s t ructure has been used fo r special installa­
tions but no generalized des ign criteri a have been developed f or it . 
It holds considerable promise , however , for use i n connection wi t h 
e ro sion-control st ructures . Actually, it has been deve loped tQ a 
much gr eater ext ent in E~rope , in connec t i on with large dams , than 
it has bee n i n the United States even f or smal l structures. 

Protection Against Erosion 

Protection against ero s ion by the high- velocity f l ow .and 
the wave s which are associated with ene rgy dis sipation structures 
may be e ither by rigid boundarie s , such as concret e, or by alluvial 
boundaries, such as riprap armor-p l ating . Usually , rigid boundarie s 
are extremely expensive and an attempt to econo~ize 9n the thiGk­
ness or design of rigid protection resul ts in it bre aking up orb~­
coming undermined because of a l ack of graded mate rial µnde r ne ath 
f or protection. ' 

The use of riprap as an a rmor-plat ing mat erial has become 
increasingly popular as the need f or more economical means of pro­
t ection has increased . Unfortunately , howeve r , cons iderable dif­
ficulty has been encountered in connection with the use of riprap 
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mate rial because conf i dence has been placed in the false theory 
thattthe l arge r the mat e rial t he great e r the protection . This 
has resulted in l arge rocks and b roken pieces of cqncr~te being 
dumped in to act as bank and bed pr otection downstream from struc­
ture s . When such large objects ar e placed in t he f l ow , high ve­
locity jets are c r eated around t hem and waves can lap in between 
them so that t he fine material beh ind i s gradually pul led out, 
the banks cave, the bed is eroded, and t he rip r ap in some case s · 
actually fa lls out of s ight . I n order to take full adw.antage of 
the l arge-s i ze riprap , it is necessary to have a graded 5ate rial 
underneath with s ize s ranging from that of the bed and bank 
mate rial up to that of the large s t s ize of riprap . By this me an~ 
such particle of riprap is protected by smal l e r particle s unde r ­
neath so that it will not become unde r mined. 

Fortunately , one of the best forms of bank and bed pro­
tection is pit- run grave l becaus e it has materials in it ranging 
from a small size to a large size - - thereby supplying its own 
protective gradation . Tnis type of bank protection has been used 
very successfully and economically in many canals -- particularly 
in bends and downstream from s t ructures where the high- velocity 
flow attacks the banks and the bed . 

The same principles can be used in the protection of a 
scour hole underneath a jet which is fa lling vertically downward· 
into a stilling pool , see Fig . le . Usually , it is not economicai 
to dig the pool so deep t hat the jet will have all of its kinetic 
energy dissipated by the time it reaches the bottom of the pool . 
Therefore , it is helpful to line the stilling pool with a graded 
riprap material to protect it against scour and eventual undermining 
of the structure . Fig . 5 illustrates graphically the protection . 
which occurs when riprap is used to reduce the scour in a scpur 
hole under a j e t fall i ng vertically downward o With beq mater1,1 
having a maximum size of 1/4 inch , it may be seen that if the rip­
rap is composed of only the large size , from I - inch :to 2,Jinch , it 
supplies much less protection than even the 1/4-inc~ to 1/2- i~c~ , 
size riprap . The graded tiprap , however , which includes all sizes 
from 1/4 inch to 2- inches , supplies the maximum protection~ 
Furthermore , this is the type of material which wo~ld most likely 
be f ound in a natural gravel pit . 

Summary 

1. The dissipation of kinetic ene rgy ip erosion- control 
structu r es may be accomplished in the horizontal pirection, the 
vertical direction , or a combination of both directions , see Fig . 1. 
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2. Dissipation of energy in the horizontal direction 
has been given extensi ve study and the St . Anthony1r~lls St illing 
Basin has been an outstanding resu l t of laboratory and field in­
vestigations using this principle of energy dissipat~on. 

3 . Dissipation of energy i n the vertical direction 
(either upward or downward), Fig. le and l d , has r eceived much less 
attention. Neverthe l e ss , t his method holds consider,ble promise 
for the deve l opment of structu res which, in some cases , ~ay dis­
sipate energy at· much less initial cost and over a smaller area 
than struc t ures us ing the principle of energy dissipation in the 
horizontal di rection . 

effective 
4. A graded , pit-run, r iprap ha s proven to be extremely 
as protection against erosion from high- velocity flow 

and waves . 
so that the 
the smalle r 

It i s important, however, that the riprap be graded 
larger-s i ze mat erial is protected from undermining by 
size material underneath . 
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HORIZONTAL ENERGY DISSIPATION 
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VERTICAL ENERGY DISSIPATION 
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Fig. I Methods of dissipation of kinetic energy. 
(a) channel resistance, (b) hydraulic jump, 
( c) downward, ( d) upward 
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Fig. 2 Mean flow characteristics of a submerged jet 
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Fig. 4 Manifold stilling basin 
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