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A great deal of study has been [.iven to determining the 

best method of protectine the stream bed bolow overfall dams against 

scour resulting fro1n the high velocity and impact of tho water flow­

ing over tham. A r,roat varioty of local conditions havo boon encoun­

tered which has led to many different solutions, doscriptions of 

which aro widely disporaod through oneinoering literature. From a 

study of those articles and tho rosults of hydraulic ��boratory stud­

ies on dam spillways port'omod by tha u. s. Bureau of Roclamation, 

tho tollowine analysis has boon dovolopod by tho writers, which olds­

sifios tho various conditions and points out tho tonoral typos or 

scour protoction applicable to oach. 

Scour bolow dams results from tho orosive powor or tho 

wator which comes into contact with tho stroam bottom whilu moving 

With tho high volocity which it acquires in fallillf, ovor tho dam. 

Protection is atfordod by reducing tho volocity or tho wator, by in­

suring that tho hioi velocity flows do not cane in contact with tho 

bottan, or aro divortod to portions of tho bottom which »ill not on­

dailgor tho structure. Usually a combination of thoso is usod. 

· On many dams in tho past an attempt has boon mado to roduco 

tho voloci ty of tho ,7ator passing ovor thom by having tho v,ator fall 

do\m a sorios of stops on tho taco of tho dam, dissipating its onorgy 

by contact �it� tho succossivo stops and roaching tho bottom uith 

1nsuff1c1ont on�rsy remaining to seriously orodo tho stream bod. 
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Probably the outstanding example ot this � 1a the GilbOa Dam* ot · 

*Trans., .Am. Soc. c. E., P• 280, Vol. 86, 1923. 

the water supply SJ'Stem ot New York City (Plate 1-A). Dile tbe ft• 

sults on this dam have probably been successful, due to the oantully 

conducted codel tests, without such studies the action on a1;eppe4. 

weirs is apt to be different tram that ant�cipated,"" and as the 

**Civil Engineer, p. 623, Vol. 2, October, 1932. 

principleo of other forms ot protoction are becoming batter under­

stood, this form seems to bo leas troquently used.· The proaent ten­

dency 1s to dissipate tho onorgy in somo form ot_stilling-pool or to. 

divort tho high valocity stroam so·that it doos not. cano into contact 

vri th tho bottom whoro damage wi 11 rosul t. 

Th? Four Classes of Conditions 

Tho most important factor in dotorminine what tom of pro­

toction should bo usod is tho dopth of' �ator on tho domistroam sido 

of' tho daJll and its relation to tho depth roquirod to form tho hy­

draulic jump. 

In tho most porfoct f'orm of hydrauli o jump, the onorgy of 

the high volooity �ator is dissipated so thoro\1€hly in intornal im-

pact that littlo �norgy remains to bo usod up in eddios and boils 

downstroam. In the caso ot a dam �,1th a noll-formod jump at 1 ts too, 
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the velocity ot the water is so quickly and unitomly reduced that 

little scour ot bed and beka reaults. It is therefore 4eainble, 

whenever possible, to design the dam so that such a jump will occur, 

as the protection required tor the bed and banks is thua 1'84uoe4 

to a minimum. 

The tomula tor the hJdraulic jump in a horizontal ��al 

ot rectangular section ls D2 = � + / 2 'v! D1 + � where D1 and .. Ds 
· 2 g 4 

are the depths upstream and downstream from tho Jump rospectively and 

V1 and V2 are the corresponding velocities. Consider an ogee dam, 

Figure, 1, discharging 100 

- ·- - - - 1-

i'iguro 1. 

• 
' 
f 

I 

I 

' 
' • 
I 

second,�oot por toot ot length 

w1 th a drop 11 equal to 50 toet • 

The volocity V1 (neglocting 

friction) would then be 

/ 2· s x 86 = 56.B toet per 

aocond and tho depth Dl would 
100 = l.'16 toot. 

/ 2 g 50 
substituting 1n tho above 

,fo�la gives a value ot·»a. 

1'1.9 :toet which is tho hoight 

ot tailwater required to tom a. portect jump at the toe ot thG 4•• 

Tho ideal condition would be to havo a tailwator at such a 

height abovo tho river bed tor oach discharge that it would tom a 
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portoct j\Dllp tor the depth and velocity which would occur in the over­

falling stream at the toe of the dam for that discharge. The height 

ot the tailwater, however, is controlled by the conditions in the 

stream channel downstream from the dam and this ideal condition is 

never exactly attained. Froquontly the stay.a-dischargo or tailwator 

rating curve at tho downstream side of tho dam is as shown in Figura 
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Discharge in Second-Poot 

Fi�uro 2. 

2, but tho curve which 

would bo requirod to 

form the perfoct jump 

on an apron at river 

bed leyc-.1 is as shown 

by tho jump hoight curve 

A-B. This shows that for 

discharges loss than 

20,000 second-foet tho 

tailwator hoight is groat­

or than that roquirod to 

form a portoat jump but 

-�t �a�r itschargos tho tailwator hoieht is too low. 

'!'he rolations botwoon tho positions of thoso curves tall 

-111.to the ·toui-1bllow1D£ classos: 

. Cuo· 1 :- .J"ump hoight curvo always abovo tho tailwator rating curv,. 

4. ·. 
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Case 2 - Jump height curve always below the tailwater rating 

curve. 

Case 3 - 7ump height curve above the tailwater rating curve 

at low discharges and below at high discharges. 

Case 4 - Jump heieht curve below the tailwater rating curvo 

at low discharges and abovo at high discharges. 

Tho bost form of protection below a dam depends largely upon which 

of those conditions exist. 

Class 1 

The first class frequently occurs when a dam is .placed 

at tho head of a rapids or sudden drop in tho stream bed. under 

thoso conditions the tailwater levol is low and less than the height 

required to fonn the jump. Usually, too, the bed is ot solid rock 

which will withstand considerable scour. Under theso conditions an 

upwa� curving apron is frequently put on tho dam nhich throws the 

stroam of hieh volocity wator passing over the dam upward so that 

it strikes tho stream bod somo distanco anay from tho structure. 

Haro tho enorgy is dissipatod by impact of tho water on tho river 

bottom and adjacont uator, and although somo scour takos placo it 

is too small and too far from tho dam to ondangor it. Ono or tho 

oarliost examplas of this typo of dam is tho famous Holyoke Dam on 

tho Merrimac Rivor in Massachusetts (Plate 1-B). Others aro the 
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Conowingo* and Sate Harbor dams on the SUsquehanna River (Plates 

*Engineering News-Record, p. 127, vor. 108, Year 1932. 

1-C and D). 

At the Bull.Run Dam** for the Portland, Oregon, water sup-

**Trans., Am. Soc. C. E., P• 487, Vol. 9S, 1929. 

ply (Plate 1-E), a wtde horizontal apron was used lfith upward sloping 

deflec_tors at the downstream edge which directed the deflected stream 

so that when it fell back to the river level it was sproad over a 

large area, and consequently did not produce as severe scour as if 

the impact was localized. 

The conditions on the Wilson Dam on the Tennessee River 

(Plate 1-F) are such that it probably falls in Case 1. A wide, level 

apron was constructed bolow this dam to protect tho river bottom but 

tho dopth of tho tailwater was insufficient to ceuso the jump to form 

and tho hieh.volocity water passed entirely across the 200-foot apron 

and erodod a largo holo in the solid rock at its downstream edgo.* 

*Enginooring Nous-Rocord, p. 190, Vol •. 98, Yoar 1927. 

Exporiments with a modol of this dam++ havo shown that piors would 

�'lilsonova Prohrada na Reco Tennossoo, Alabama, U. s. A. - Antonin 
anrcok. 

not causo tho jump to form on tho apron with tho tailwator dopth 

6 



available. 

When the tailwater depth is nearly sufficient to caus� the 

jump, baffles or sills may be successfully used, but they often re� 
ceive so much impact tram drift or ice that they are expensive to 

build with a sutt�oiently strong anchorage. Battles or piers do not 

dissipate as much e_nergy as might be expected and they are theretore 

not as effective as the hydraulic jump.• Perhaps the best example 

· *Ensineering News-Record, p. 800, Vol. 97, 1-lovember 11, 1926. 

of the use ot baffle piers with a low tailweter level is in the Gatun 

spillway on the Panama Canal (Plate 1-H). This spillway is designed 

to discharge as much as 140,000 second-toot with a fall of nearly 75 

teat. At the toe of the ogoo section tho wate; impinges directly 

against the flat tacos of the battlo piors and much of it is thrown· 

hich into tho air, reaching al.most as high an elevation as the .wat3r 

abovo tho dam.** i;'lhon this water falls to the river lovel it has 

**Trane., Am. soc. C. E., P• 487, Vol. 93, 1929. 
Engineering Nows-Record, p. 800, Vol. 97, Nov. 11, 1926. 
Hydraulic Laboratory Practice, Froeman, p. 506. 
In�arnational :!n{:,inooring Cone.rose, pp. 46-63, yol. II, 1915. 

nearly as groat a velocity as 1 t had at 'the tde of the dam. . Tho 

principal ottoct of these battle piars therefore is to distribute the 

impact ovor a largo area rathor than to dissipato the energy ot the 

watar. 
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11' tho tailwater level is not high Bnoufh to form a per­

tect jump it may be raised by building a low secondary dmn below 

the main dam with a sufficient height to cause the jump to form at 

the foot of the main dam tor all conditions of discharge. This 

method has been extensively used for dams on earth foundations. 

Plate 1-I shows a form developod by the Fargo Engineeri�e Company. 

This mothod has also been usod for a rock foundation at tho Martin 

Dam of the Alabama Powor Company. The dimensions required for such 

a pool are shown by the oxporimonts rocontly published.* 

*Proceodings, Am. Soc. c. E., p. 1521, Nov., 1932. 

Anothor �&thod which may bo suitablo in some cases is to 

excavate a pool j�st bolow tho dam to provide a dopth sutficiont for 

tho formation of the jump. In this caso tho tailwater levol is 

not changod, but tho dopth roquirod to form tho jump is providod by 

tho lowering of tho channel bottom rathor than by raisinG the water 

surtaco. This mothod was usod in tho Wilwood Dam** (Plato 1-K). 

**Enginooring Nows-Record, p. 660, Vol. 99, Octobor 27, 1927. 

On rock foundations whero the tailwator lovol is noarly high enough 

to causo the jlDllp to torm, oxporienco indicates that if no protoc­

tion is addod downstream trom tho buckot ot tho dam, tho bottom .rill 

bo scourod out until sui'ticiont depth is providod to pormit tho jump 

\ 



to form and no further scour will take place.• 

*Civil EngineerinG, p. 527, Vol. 1, 1931. 

Class 2 

Dams in the second class are apt to occur where tho foun­

dation rock is at a considerable depth, and where the tailwator sur­

face is therefore higher than necessary· to form the jump. This case 

wi 11 bo 1:io·re frequcn tly encoun tared in the future than in the past, 

duo to tho exhaustion of the supply of :;ood damsi tos. Under tho so 

circumstancoo, if an ogeo dam with conv9ntional buckot is usod, tho 

wator flowing down tho faco of the da:n divas under the tailwator and 

travels at high v0locity a long distnncc along tho bottom, formine 

only a very i1:1porfcct jUI!lp. Tho more nearly tho tailwator depth 

corros�onds to tho depth roquirod to foro tho jurnp, tho shorter · tho 

distance which tho hi,h volocities oxtond downstream. A perfect jtllnp 

could bo fonnod for any discharge by buildine; a lovol apron below 

tho dam to ,.dvo just tho correct depth for tho formation of the ju.".!lp, 

but this apron would probably not bo at the correct olovation for 

other discha1·gcs. By mat.ins tho apron slopinc, the vo.rious depths 

roquirod for the different flows can be provided. Tho hie;h vc,locity 

strcar.i flows do•.-:n the slopi� u.pron until tho dopth bolow tailv.ator 

L.:vol is roach0d at v1hich the jump can be :i.'ormed for that disch11r::;o, 

antl at this point tho jump occurs. Tho advantaeos of tho sloping 

g 



a,ron have been pointed out by G. Gale Dixon.* 

��gineering News-Record, p. 696, Vol. 100, May 3, 1928. 

The formula r,iven above does not exactly apply to jumps on 

a slopins floor since the water enters the j� in a direction some­

whut different from that in which it flows awa�, while the formula 

assu.�es motion in the same direction. The fonnula for the formation 

of the jump on a slopiill, surface has been develop�d by n. w. Ellms.** 

**Trans. , .Am. Soc. Pf.. E., Sept.-Dec., 1932, paper HYD-54-6. 

A jump formed under favora�le·conditions is an intimate, 

relatively uniform r.1ixture of air and \7a ter with a white appearance, 

and tho velocity is reduced within a comparatively short distance. 

As the jUillJ) becoraos loss perfect t�e roixturo is not so intimato and 

tho velocity is not eo rapidly reduced. It  is questionablo if a por­

foct jur•:p can bo fon�od except on a level floor. As the slope of the 

floor is increased, tho dissipation of the onorgy bocomos loss offi­

ciont. Experim·.)nta on tho model of tho Clo :Clmn Dam spillway with 

�loor slopes of ll horizontal to 1 v�rtical, 2:1, 3:1 and 4:1 showed 

proprossivcly loss scour as tho slope was flattonod. 

Probably the outstandinc �xamplc of tho uao of tho sloping 

apron for dams in the s�cond class is the ?.�addon Dam (Plato 1-L) now 

boing constructed to storo wator for the Panama Canal. This form was 
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developed as the result ot extensive model tests.• 

*Eng1neer1D6 News-Record, p. 42, Vol. 109, 1932. 

The height ot the natural tailwater and the jump height 

curve tor an apron at stream bed level are e;iven on J'igure 3, show­

ing that this case fall� into Class 2. The shape ot the apron was 

determined by trial. By varying tho tailwater lovel, a detGrmina­

tion was made for each form ot apron tostod. of the tailwater levels 

required tor tha various dischargoe, to causo the jump to form at 

the upstroam edge of tho apro�. For oach form a curve was plottod 

of tailwater lovr>l required aeainst discharge over the dam. Tho 

agroomont ot this curvo with tho tailwator rating curvo tor tho 

boat apron dovolopod·is shown on Figuro 4. Tho apron dov�lopod bad 

a slopo of 4 horizontal to i''vortical with its upstream odco approx­

imately 30 foot above tho·foundation lovol. At largo discharges, 

howover, tho . high veloci tie a oxt_ondod en ti roly across tho apron and 

a small triangular sill or lip was placod on tho downstroam odgo 

of tho apron to defloct the sWitt wator up ott -tho stroam bod. 'Ibo 

sloping apron may roquiro large volumos of concreto but in the caso 

of the Maddon Dam this was ot assist�ce in rasisting oarthquake et­

tocts. 

In the model oxporimonts tor tho Maddon Dam another tom 

was investigatod which requires less concroto and would prove advan­

tageous in corta�n conditions. It may be called the high buckot 
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type. It con'Sl.sts of the ordinary curved bucket of the ogee weir 

located some distance above the river bottom, as shown on Figure 5-A. 

When the tailwater level is somewhat higher above the lip 

of the bucket than the upper surface of the high volocity sheet at 

the end of the bucket, any water which might be on top of this shoat 

is s�opt away by friction mth this shoot and tha uppor surfaces of 

the shoot is bolo\"1 tho tailwatur lovul. A prossuro is thon oxartod 

on the undor side of this shoot boyond tho 11, of the buckot as 

shown by tho arrows in Fic;uro 5-A, due to tho prossuro oxortod up­

stream beneath the shoot from tho hiGhor taih:ator lovol. Tho high 

velocity jot is d1Jfloctod up,�ard b)· those forces in a graat sueop 

h'hich may carry it even higher than tho tailwator level, to nhich 

it falls back af tor tho up,,ard motion is o�orcomo by gravity. As 

this r.ator falls on top of tho doop tailTiatcr it docs no damago to 

tho rivor bottorn and the -only scour on tho bottom is that duo to 

tho upstroem flo�ill£: �:ator of tho oddy �hich fo:nns bonoath the high 

velocity shoot. This condition of flo� occurs at flood times on 

tho dam (Plate 1-M) of tha rocontly completed Dnieprostroy powor 

plant on the Dnieper·Ri.vor in Russia.* For somouhat higher tail-

*Engine�ring No�a-Rocord, p. 877, Vol. 108, June 23, 1932; · 
p. 90, Vol. 109, July 21, 1932. 

wator levels the path of the hi5h velocity sheet tonds to become 

nearly vorttcal and part of it falls back into tho "valley" along 

12 
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tho f'aco of tho dam , e.s sho1:,n on Fi furo 5-B . Thi s acts as e. brako 

on tho hich voloc i ty shoo t and i t  doo �  no t s:�·ccp so high . Tho en­

orgy in this caso i s  vary thorouchly di ssiputcd ..-:i thout attacki nG 

the s troam bod . On tho r.:addcn Dar.i modal tho he ic;h t of tai 1·,7a tor 

v,hi ch ,·rould gi vo tho se condi tions for a bucke t  lip at o lcvuti on 90 

uas dotorminod tor tho ontiro ranee of dischar(;o . Thusc tai li :a t,Jr  

hoi(;hts \7oro plottod ac:ainst discharc�s and � .·oro found to bo  approx­

imately parallel to tho tai h:a.t,;r rat i nr.; curvo of the ri vor as sho:·;n 

on Fisuro 6 ;  that for condi tion A ,.·as roue- hly 3 fc.o t b ·�lo·;: tho tai l­

�atcr curve of tho rivor and that for c ondi tion B approximate ly 5 

f'oo t a.bovo . By lo7:orinc tho buckil t 5 f,Jc t tho A curvo :-,ould approx­

imate ly coincida ·,,1 th tho tai l-.-;ator curve of tho riv'3r , and a ri so 

of' 3 foo t in th :J buckot r.ould brillf.' tho E curve i nto at:roomcnt . 

Thus �1 th a buck� t - at o lovation 85 tho A condi tion 11ould occur at 

all dischargos ,.·hi lo st olevation 93 tho B cond i ti on ,:ould occur 

at all dis chargos .  

For tho condi t ions at tho Maddon Dam , \-:-bore thorc v;as on 

tho r1 vor bod material ,-;hi ch ,-;as sufficiontl�: fino to be moved by 

tho back oddy , those relations i":orc round to bo unetnblo , as tho 

back oddy carriod tho tine material up toT:urd tho buckot and tondod 

to build up a bar thoro , whi ch cut oft tho back pressure f'rom tho 

tail,,ator and causod tho high voloci ty shoot to tloti more noarly 

horizontal . In thi� posi tion tho hiBh v�loci ty shoot tondod to 
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carry along with it all the water in the eddy below it and built up 

a low pressure area at D of Figure 5, C in  the place of the eddy. 

The f orce of the tailwater pressure then acted on the top side of 

the sheet, and deflected it downward arainst the bottom, which it 

struck with a considerable impact. With a bottom composed of solid 

rock or material of too large size to  be moved �Y the back eddy, 

this cond ition would not occur . 

I t  is believed that theso flow conditions offer a method 

of scour protection below dams worthy of serious consideration for 

the condit ion of deep tai lwater b olow overfall dams . Their appear­

ance is not as satisfactory as tho hydraulic jump on the sloping 

apron but thoy require much less concreto than tho sloping apron 

and if tho condi tion C can be avoided they bring even loss scour on 

tho bottom. In tho Madden modal the lip of tho bucket was horizontal. 

If it was curved up some what as on the Dnioprostroy Dam it is prob­

able that tho C condition would bo loss likely to occur . It  is 

not noco�sary to have only one of th� two satisfactory conditions 

throug�out all dischargos, as ono m ieht bo used for low flows and 

tho othor f or hieh ones. This will often ponnit tho matching of 

tho rivor tailwator curve when it cannot b o  d one uith oithur ono 

alono. 

Tho conventional bucket with rolativoly short horizontal 

apron may bo satisf&ctory for Class 2 c.ondi tions if the jump hoight 

curve ( baaed on tho apron level) is not too far bolO\"i tho tail,mtor 
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rating curve, since the proper depth to form the jump may be reached 

on the sli £htly sloping portion of the bucket, and a relatively per-

.feet jump be formed. If the difference between the two curves is 

great, the depth causing the formati on of the jump will be reached 

on a steeply sloping surface in the bucket or on the stoep face of 

the dam and the jump b� very imperfect , wi th high velocity currents 

extonding far downstream, necessi tating a long apron. The le)l6th ot 

the apron may bo considerably shortened by the uso ot some forms ot 

sill at i ts downstream end. 

Class 3 

The third caso occurs where the tailwater depth at low 

discharges is insufficient to cause a jump to form on a lovel apron 

at rivor bottom level, but i� moro than sufficient at hieh di schargos . 
. . 

Thi s i s  a common caso and tho solution consi sts in artifi cially cre-

ating enough wator depth to make the jump form on tho apron at low 

discharges. Thi s may be done by a low secondary dam or sill across 

noar tho downstroam end of a levol apron. This secondary dem must 

bo high enough to causo the hydraulic jump to tonn upstream from it 

for all flows tor which the natural tailwater depth is i nsufficient. 

It may neod a secondary apron downstream from it  tor �t i s  in face 

just a second dam. Tho dopth required may also be secured by dapA�s-

. sing the apron, proforably by sloping it downward in a downstream 

15 



di rection. This method was used on the repair of the Hacl lton Dam. * 

*Engineering News, p. 130, Vol. 108, January 28 , 1932. 

This third case is usually favorable to the use of baffle 

piers or some tor.n of dentated sill near the end of the apron , as 

these tend to break up the high velocity flow at low dis charge� .. and 

also to raise the tailwater, both of which actions promote tho forma­

tion o f  the jump . They would also be adYantar,oous at high flows 

si nce then the depth of tailwator is groator than required to form 

the jump and the nappo over tho crest tends to dive down to the bot­

tOl!l of tho rivor and flow along tho apron at hi�h velocity as provi­

ously described. 1Yhen this condition occurs , the sills or piers arc 

useful in breaking up this dostructivo current. For low intake dams 

i t  1� not uncommon to havo tho heicht of tailwQtor at hiBh flons suf­

fi ci ent to submorgo tho ontiro dam. In such cas� s the drop at tho 

dam i s  slight and protoction against these hich flows is no problem.  

Ola.as 4 

The fourth caso , �hore tho '\Jiilr.ator dopth is sufficient 

at low flows but too small at high tlo�s, can bo solved by increas­

ing tha depth of tailwator sutficiontly to cause the jump to fonn 

tor tho maximum dischargo contomplatod, oi ther by  a secondary dam 

or an oxcavated pool. With those ot tho Llagnitude roquirod tor tho 

maximwn tlo\7, tho ·tailr.ator depth uould bo moro than sutficiont to 
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cause the jump to form on the apron at the lower. flows but this con­

dition would probably not be objectionable tor low flows . 

Effect of Changes in Dam crest Ley;th 

To make the foregoing analysis as readily understandable 

as possible , i t  has been assumed that the stream flow was unifonnly 
distributed over a fixed length of the dam' and therefore tor a -given 

discharge there would be a fixed condition . of over.f'low aD4 a fixed 

tailwater olevation. BY the proper selection of crost length, how­

ever , i t  may be possible to socure a closer B.Gr9ement between the 

tailwater rating curve and tho jump hsight curve than is socured by 

an arbi trarily chosen le?lf;th. If tho first assumed length producos 

a Casa 1 condi tion, the 8.f�;roement will be improved by inereasing tha 

crost loneth, which will cut down the dischargo por foot longth 

and consequently lower the jwnp height curve. Similarly , a Class 2 

condi tion can bo improved by docroasing tho crost length , producing 

a greator discharso por lineal toot of crost and thus raiso tho jump 

hci�ht curve. Such chall8os may result in incroascc in the cost ot 

crest catos or other f'oaturos or tno dam but this mit;ht bo much moro 

than off's�t by tho rcducod cost of bottom protoction , and tho possi­

b i li ti ,J s  of such a sf..vins justify a study or this ph�so whoro tho 

circu:'!lB tancos p11r:11i t a choice of crest l·.:,nr,ths. 
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Effect of Crest Gates  

The foreeoing analysi s has also been simplified by assumi nr, 

that the flow of the stream was uniformly distributed over the enti re 

crest length of the dam. ','Ii th control sates on the crest , however, 

the flow can be concentrated and at certain porti ons of the dmn the 

flow wi ll be greater than at others. To be perfectly safe, the pro­

tecti on should be desicned so that i t  will be sufficient wi th any 

possible condition of [ate openings and flow . As a practical matter, 

hor.evor, i t  may be assumed that reasonable judonent will �o used in 

opera ting the gates,  and sufficient protecti on provided so that no 

severe damage would ro sul t v;i th the undesi rable condi tions acting 

for a limi ted time, such as mie;ht occur;  for exa.'llPle, i n  the ce se 

of the fai lure of a eate to close whon desired . In most case s it  

wi ll be  found be�t to  have the crest cates �1esi e,ned to be  capable 

of operating partially open, in order to d is tribute the wator un­

iforr.ily over tho crest instead of pemi ttinr.- only an entirely open 

or entirely· clos ed cond ition . 

Protecti on for �Vc i rs of Indian Typo 

The forogoing classifi cation applies pri nci pally to pro­

te cti on below masonry overfall dams of the types commonly used in 

thi s country. For the broad woi rs wi th sli�htly sloping aprons 

frequontly used in India and Egypt, a somewhat different analysis 

i s  noco ssary . Tho oldest fonn of thi s typo of wei r  consi sts of a 

18 
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pi le of loose rock , wi th or wi thout na� ·.:>Ylr�, d i  vi.J i n£, �!alls , h:1vi nr.:. a 

slopinc upper suri'uce paved wi th hand. - l::1id rock or mc.sonry , as s!10wn 

on FiLure 7 .  After passill[; over t he c r"1st or e •;1e ir of t�i s tY!le 

the 'natar flows do'!":n the slopi ng apron unti l i t  encounters the tai l­

water , and at this point a hydraulic jur:ip is usually formeci . To pr .. ,­

ven t scour , thi s  jump should tonn far enourh from the d ovms tr:H?.:,1 end 

ot the apron that the turbulence of tho jump does not reach to th� 

unprotec ted river bed . To se curo thi s r�sult r.:ay nr.; cossi tatc tho 

extensi on or the apron below tho natural lovul of the ri vor hod . 

I t  i s  nocossery ,  .or at leas t do si rablo , to havo tho poi nt i/h,:) ru tho 

jump occurs movo up the apron as tho d i scha.rgiJ incroasos , sinco thi s 

provides a loll€;or loncth of anron to ta.>; car:-, of thn r.roator tur­

bulence of tho jump with tho larger flous . I t  i s  also rin advant,: ::o 

if tho woi r  i s  ontiroly dro,vn�d out f.or vor.:· high f'lo·,--..s , si ncu thi !l 

o liulinates tho combination or high d i s�hn rrc and fall -;vhic h  ·:·,ould 

produce so much dostruc tivo onorcy. Thoso cond i t ions exi s t  at tho 

Roso tta woir , • ( �it,uro 7 )  whi ch i s  at tho hoc.d or tho dol ta or th0 

*Standing Wavo Woi rs , by A. n .  Butchor. 

Nilo . Tho surtaco profilos show that tho posi tion of tho jwnp mov�s 

· ups tream aa tho dischargo incroases nad tor a flow or 170, 000, 000 

cubic ill8tGre i:,or day tho jump is anti roly dronnod out .  Although tor 

many dams of this typo tho lllaintonanco cost has been hieh, nhJn con-
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di tions are favorable 1 t may be very low, as 1ndioate4 by the mai,n.- · 

tenance charge of' 0 .4% tor a 15-year period at the .I,agtma J>am· ,on the 

Colorado River, * all of' which was due to a cutoff ot the river just 

*New Reclamation Era, P •  189, December, 1924. 

downstream tran the weir, which lowered :the tailwater level 'I feet 

and necessi tated an extension of �he apron. 

r.ith this type of weir the possibilities ot, increasing tho 

tailwatar depth are rather limitoa . It  is thereto� un&\lited to con­

ditions havine a low tailwater lovel and two cODiplete failures aro 

beliovod  to have been duo to tai lwater levels so low that thG by• ' 

draulic jump occurred too near to or below tho downstream edge ot 

the masonry, causinc: an undermining of the structure which pro­

eressod upstream and caused a broach. An adjustment .of tho dam 

to fit the tailwator conditions may sometimes be mado by a propor 

choi ce of tho d&� lenc;th, as pl'E>viously discussed. -

Most of the rocent dams of this typo i n India and F,gypt 

havo bo ,'ln constructed with broad, sloping masonry aprons au.mounted 

wi th piers and Stonoy gatos . The foroGOiI16 discussi on applies to 

this ki nd also, although it  i s  complicatod somewhat by tho nocessity 

of having sufficiont tai lwator dopth to causo the jump -to form on 

the apron with tho gates in a parti al�y open condi tion . To soo uro 

this it may be n�cossary to carry tho apron belor. natural bod lovol. 
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If the _river c arri es m�ch  bed load,  allowance should .be made i n  com­

puting the position of the jump for a retrogressiot of tte downstrear� 

riYer !e7el . 

Tailwater RatinB Cu� 

Enough t.as been gi ,·en i n  the forecoinc. to show the impor­

tance of the tai lwater rati ng curve i n  the soluti on of thi s prot lem. 

One of the fi rst ste�s in attacki� the problem at any si te is to de-

terrni ne the tai lwater rating curve, ei ther by  observing the actual 

levels f or a wiie range of discharLes or by computati on .  The former 

method should be  used if  possible, rut fai rly satisfactory results 

may h e  secured by d etermining the ta.i lwat.er elevati on for vari o�s 

di sctar�es by means of backwater curves for these f lows. Si nce the 

water levels at domistream poi nts  for these di s,!harres are probably 

also ·.mknovm, the curve·s may be started at assumed elevati ons far 

enough downstream from the dam that tte error in  the assumed ele¥a­

ti on will have di sappeared °l:'efore the cur\·e has been computed as 

far �patre8lll as the dam. That this i s  the case may be determi ned 

by assuming somewhat different el e¥ati ons for the same discharge 

at t he lower end of the stretc h and i f  t-oth assump ti ons give pree ­

tically the same elev�ti on at the darnsi te, the. error introducon by 

an incorrect assumption i s  negligible. 
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_Laboratory Experiments Eecesse9 

It 1s not the intention of this article to give the impres­

sion that hydraulic laboratory tests are unnecess&ry in workine out 

the best fon,1 of scour protection below dams. such tests should be 

made on all im�ortant structures and w�ll usually pay tor themselves 

in the uuprovements which they bring about in the minor features of 

the design, entirely aside tran the major improvements which they 

make possible . The intention of this analysis is only to point out 

tho lines alonG which the best solution probably lies, in order that 

effort may not be wasted in unnecossary investieation . 
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