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A great deal of study has been given to determining the
best method of protectine the stream bed bolow overfall dams against
scour resulting from the high velocity and impact of the water flow-
ing over them. A groat variety of local conditions have bcon encoun-
tered which has led to meny differcnt solutions, dcscriptions of
which are widely disporsod through onfinecering literaturc. From a
study of thosoc articles and tho rosults of hydraulic lgboratory stud-
ies on dam spillways porformed by the U. S. Fureau of‘Roclamation,
tho following analysis has bocon dovolopod by the writors, which clas-
sifios the various conditions and points out thc ¢cnoral typos of
scour protoction applicablo to oach.

Scour bolow dams rcsults from the orosive powor of tho
wator which'comes into contact with tho stroam bottom whilc moving
with tho high vclocity which it acquires in falling ovor tho dam.
Protection is afforded by roducing tho volocity of the wator, by in-
suring that fho hich velocity flows do not come in contact with tho
bottom, or aro divorted to portions of the bottom which will not on-
dangor thoe structure. Usually a combination of thoso is usod,

On many dams in tho past an attempt has boon mado to roduco
tho volocity of tho wator passing ovor thom by having tho wator fall
down a sorios of stops on tho faco of tho dam, dissipating its oncrgy
by'contact with the succossive stops and rocaching thc bottom with

insufficiont onorgy romaining to soriously orode the strocam bcd.
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Probably the outstanding example of this type is the Gilboa Dan* of -

P,

‘mns.' Am. &co c. 3., p. m’ VO].o 86’ 1923.

the water supply system of New York City (Plate 1-A). While the re- .

sults on this dam have probably been successful, due to the carefully
conducted model tests, without such studies the action on stepppd

weirs is apt to be different from that anticipated,"" and as the

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

principles of other forms of protoction are becoming better under-

stood, this form seems to be less frequently used. The prosent ton-
dency is to dissipate tho onorgy in samoc form of stilling-pool or tov‘
divort the high velocity stroam so -that it doos not camo into contacf

with tho bottom whoro damage will result.

Tho Four Classes of conditgoqs

Tho most important factor in dotoxﬁining what form of pro-
tf:ction should bo usod is the depth of wator on thc downstroam sido
of the dam and its rolation to tho dopth roguirod to form tho hy-
draulic jump.

In tho most porfect form of hydraulic jump, the enorgy of
the high volocity water is dissipated so thoroughly in internal im-
pact that littlo snorgy remains to bo used up in eddios and boils
downstroam. In the caso of a dam with a well-formed jump at its too, .

2



Elen 1130
Elev 11000 Etev 19507 |
Ebev 1000
A- GILBOA DAM B-HOLYOKE DAM C-CONOWINGO DAM
SCHOMARIE CREEK, N.Y. MERRIMAC RIVER, MASS. SUSQUEHANNA RIVER, MD.
' Elev 5010-y
: HW.Elev. 51
Elev.4830:

HW Elev ﬂg g‘)

) W°m1 9 % 20304

SCALL OF fFELY

ia Iannnae .

I1-JUNCTION DAM
MANISTEE RIVER, MICHIGAN

E-BULL RUN DAM
BULL RUN RIVER, ORE.

F=WILSON DAM :
TENNESSEE RIVER, ALABAMA

w.S Elev 4308 5-3

£lev 44540

" /€l 40490

L -MADDEN DAM
CHAGRES RIVER, PANAMA

K -WILLWOOD DIVERSION DAM
SHOSHONE RIVER, WYOMING

H-GATUN SPILLWAY
PANAMA CANAL

D-SAFE HARBOR DAM
SUSQUEHANNA RIVER, PENN.

Etev 00

20
SCALE OF FEXY

Hgh 1eitmster Elgv R

tuluster Elev. 44,04,

M -DNIEPROSTROY DAM
DNIEPER RIVER, RUSSIA

OOMARTMENT OF TXI INTERIOS

TYPES OF SCOUR PROTECTION
BELOW OVERFALL DAMS

ey D sl o




the velocity of the water is so quickly and uniformly reduced that
little scour of bed and banks results. It is therefore desirable,
whenever possible, to design the dam so that such a jump will occur,
as the protection required for the bed and banks is thus reduced

to a minimm,

«

The formula for the hydraulic jump in a horizontal channol

of rectangular section is Do = D1 + / 2 5? Dy +i§— where Diend»Dz
) 2 (-4 4
are the depths upstream and downstream from tho jump respoctively and'
V1 and V2 are the corresponding velocities. Consider an ogee dam,
Figuro 1, discharging 100
second~foot por foot of length

R e

with a drop ‘H equal to §0 foet.
The volocity V3 (neglocting
friction) would then de
/ZgxB0=56.8 foet per

socond and tho depth D] would
7% 100
H

be
Substituting in tho above

= 1.76 foot.

-..._-.--I-- -..-‘-

N []
, eV,
ﬁ . ‘v.... -
NIV TRN SRS K‘W\W’h .formula gives a valus of D2

1] . ’ ! *
Piguro 1. 17.9 foot which is tho hoight

of tailwater required to form a porfect jump at the toe of tho dam.
Tho ideal condition would be to havo a tailwator at éuch a
height abovo tho river bed for oach discherge that it would form a
3



porfoct jump for the depth and velocity which would occur in the over-
falling stream at the toe of the dam for that discharge. The height
of 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 stage-dischargo or tailwator

rating curve at tho downstroam side of the dam is as ahown in Figuro

2, but tho curve which
825

would bo requirod to

820 form the perfect jump

on an apron at river
815
bed levcl is as shown

by the jump height curve

Rlovation in Foct
®
[
o

A-B. This shows that for

discharges loss than

: : 20,000 second-foet tho
0 ARE— g, 006 AR
Discharge in Second-Foot tailwator hoeight is groat-
Piguro 2, or than that roquirod to

form a porfedt jump but
at groator &!schargoa tho tailwator height is too low.

The rolations botwoon tho positions of thoso curves fall

. tnto tho rourﬁbllowins clasaos°

. Case 1 - Jump hoight curve always abovo tho tailwator rating curva.

-~



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

Cagse 3 - Jump height curve above the tailwater rating curve
at low discharges and below at high discharges.

Case 4 - Jump height curve below the tailwater rating curve
at low discharges and abovo at high discharges.

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

of these conditions exist.

Class 1

The first class frequently occurs when a dam is placed
at tho hoad of a rapids or sudden drop in the stream bed. Under
thoso conditions the tailwater lavel is low and less than the height
roquired to form the jump. Usually, too, thc beda is of solid rock
which will withstand considerable scour. Under theso conditions an
upward curving apron is frequently put on the dam which throws the
stroam of high volocity wator passing over the dam upward so that
it strikes tho stream bed somo distanco away from the structuro.
Hero tho cnorgy is dissipated by impact of tho water on tho river
bottom and ad jacont wator, and although samo scour takos placo it
is too small and too far from tho dam to ondangor it. One of tho
earliost examples of this typo of dam is tho famous Holyoke Dam on
tho Morrimac Rivar in Massachusctts (Platc 1-B). Othors aroc the

)



Conowingo* and Safe Harbor dams on the Susquehanna River (Plates

*Engineering News-Record, p. 127, Vol. 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. 95, 1929,

rly (Plate 1-E), a wide horizontal apron was used with upward sloping
deflectors at the downstream edge which directed the deflected stfeam
so that whén it fell back to the river level it was sproead 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 boléw this dam to protect tho river bottom but
tho dopth of tho tailwater was insufficient to csuse the Jump to form
and tho hieh_volocity vater passed entirely across the 200-foot apron

and erodod a largoe hole in the solid rock at its downstream edgo.*

*Engincoring News-Rocord, p. 190, Vol. 98, Yoar 1927,

Exporiments with a model of this dam** have shown that piors would

**Wilsonova Prohrada na Reco Tennossco, Alabama, U. S. A, - Antonin
3urcek. ’

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

6



available.

When the tailwater depth is nearly sufficient to cause the
jump, baffles or sills may be successfully used, but they often re=
ceive so much impact from drift or ice that they are expemsive to
build with a sufficiently strong anchorage. Baffles or piers do not
dissipate as much epergy as might be expected and they are therefore

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

" *Engineering News-Record, p. 800, Vol. 97, November 11, 1926,

of the use of baffle piers with a low tailwater level is in the Gatun
spillway on the Panema Canal (Plate 1-H). This spillway is designed
to discharge as much as 140,000 second-foot with a fall of nearly 75
feet. At the toe of the ogeo scection tho wate:z" impinges directly
against the flat facos of thc bafflo piors and much of it is thrown’
hir;h into the air, rcaching almost as‘ high an elcvation as the watar

abovo the dam.** Then this water falls to the river level it has

**Prans., Am. Soc. C. E., p. 487, Vol. 93, 1929.
Engineering Nows-Record, p. 800, Vol. 97, Nov. 11, 1926.
Hydraulic Laboratory Practice, Proeman, p. 506.
International Ensineoring Congross, pp. 46-63, Vol. II, 1915.

.

nearly as great a velocity as it had at the tde of the dam.. Tho
principal effcct of these baffle piars thorefore 'i1s to distribute the
impact ovor a largo area rathor than to dissipato the energy of the

water.



L4}

If the tailwater level is not high enough to form a per-
fect jump it may be raised by buildins a low secondary dam below
the main dam with a sufficient height to cause the jump to form at
the foot of the main dam for all conditions of discharge. This
method has been extensively used for dams on earth foundations.
Plate 1-I shows a form developed by the Fargo Ensineeriﬂg Company .
This method has also been used for a rock foundation at tho Martin
Dam of the Alabama Powoer Company. The dimensions required for such

a pool are shown by the experiments recontly publishod.*

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

Another method which may bo suitable in some cases is to
eicavate a pool just bolow the dam to provide a dopth sufficient for
the formation of the jump. In this caso tho tailwater levol is
not changod, but tho dopth required to form tho jump is provided by
tho lowering of tho channcl bottom rathor than by raising the water

surface. This mothod was usod in the Wilwood Dam** (Plate 1-K).

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

On rock foundations whero the tailwator lovol is noarly high enough
to causoe the jump to form, oxporienco indicates that if no protoc-

tion is addod downstream from tho buckot of the dam, tho bottom will
bo scourod out until sufficiont depth is provided to pormit tho jump

8



to form and no further scour will take place.*

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

Class 2

Dams in the second class are apt to occur where thoe 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
will be more frequently encountered in the future than in the past,
duc to tho oxhaustion of the supply of .;ood damsitos. Under thaeso
circumstances, if an ogec dam with convantional bucket is used, the
wator flowing doxn the faco of the dama dives under the tailwator and
travels at high velocity a long distancc along thce bottom, forming
only a vaory impsrfcct jump. The morc ncarly tho tailwator dopth
corrasnonds to the depth roquired to form the jwap, tho shorter tho
distance which thc hifh velocitios oxtond downstrcam. A perfecct jwap
could bo formed for any dischargc by building a lovel apron bolow
the dam to ¢ive Jjust tho corrcct depth for tho formation of the jump,
but this apron would probably not bo at the correct clavation for
other discharges. By making the apron slopines, thc various depths
rcquired for the diffcront flows can be provided. The high volocity
strcam flows down thc sloping apron until tho depth bulow tailwater
l:ovel is recached a2t which the jump can be i‘ormed for that discharso,
and at this point tho jump occurs. Tho advantagcs of the sloping

9



anron have been pointed out by G. Gale Dixon.*

*Engineering News-Record, p. 696, Vol. 100, May 3, 1928,

The fonnula tiven above does not exactly apply to jumps.on
a sloping floor since the water enters the jumm in a direction same-
what different from that in which it flows away,.while the formula
assumes motion in the same direction. The formula for the formation

of the jump on a sloping surface has been developed by R. . Zllms.**

**Trans., Am. Soc. M. E., Sept.-Dec., 1952, paper HYD-54-6.

A jump formed under favorable conditions is an intimate,
relatively uniform nixture of air and water with a white appearance,
and tho velocity is roduced within a corparatively short distance.

As the jump becomes less perfect the mixture is not so intimato and
the velocity is not €o rapidly roduced. It is questionablo if a per-
foct jurip can be formud except on a level floor. As the slope of the
floor is incroased, tho dissipation of the cnergy bocomos loss offi-
ciont. Zxperimonts on tho model of tho Clc Llum Dam spillway with
Tloor slopcs of 1} horizontal to 1 vertical, 2:1, 3:1 and 4:1 showed
proercssively loss scour as tho slope was flattoned.

Probably the outstanding oxample of tho usc of thc sloping
apron for dams in the sccond class is the Maddon Dam (Plate 1-~L) now
boing constructod to storo wator for the Panama Canal. This form was

10



developed as the result of extensive model tests.*

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

.

The height of the natural tailwater and the jump height
curve for an apron at stream bed level are given on Figure 3, show-
ing that this case falls into Olass 2. The shape of the apron was
determined by trial. Bj varying the tailwater lovel, a determina-
tion was made for each form of apron tosfod.of the tailwater levels
reqﬁired for the various discharges, to caﬁso the jump to form at
the upstroam edge of tho apron. For oach form a curve was‘plottod
of tailwater lovol requirocd against discharge over the dam. Tho
agroomont of this curvo with tho tailwater rating curvo for tho
best apron dovolonod is shown on Figuro 4. Tho apron devolopod had
a slopo of 4 horizontal to 1 vortical with its upstrcem odgo approx-
imately 30 feot above tho foundation lovol. At largo discharges,
howover, tho.high velocities oxtpndod entiroly across ths apron and
a small triangular sill or lip was placod on tho downstroam odgo
of tho apron to deflect the swift wator up off the strocem bod. Tho

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

of the Maddon Dam this was of assistance in rosisting oearthquake ef-

focts. _

In the modol oxporimonts for tho Maddon D.am another form
was investigatod which requifes less concrote and would prove advan-
tageous in cortain conditions. It may be called ths high bucket

- 11
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type. It conaists 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 velocity sheet at
the end of the bucket, any water which might be on top of this sheet
is swopt away by friction with this shest and the uppor surfaces of
the shoot is below the tailwator levol. A prossur; is then oxertod
on the undor side of this shoct boyond tho lin of thc buckot as
shown by the arrows in Figuro 5-p, due to the prossure éxorted up-
strcam bonecath the shcot from thc highor tailiwvater lovel. Tho high
velocity jot is daflocted upvard by these forces in a great sweop
which may carry it even hisher than the tailwator level, to which
it falls back aftor tho upward motion is overcome by gravity. A4s
this wator falls on top of tho doop tailwatcr it docs no damago to
the river bottom and the .only scour on tho bottom is that duc to
tho upstroam flowing :rator of tho oddy which forms boncath the high
vélocity shoot. This condition of flow occurs at flood times on
tho dam (Pléte 1-M) of the rocently completed Dnieprostroy powor

rlant on the Dnieper Rivor in Russia.* For somovhat higher tail-

*Engineoring Nows-Rocord, p. 877, Vol. 108, June 23, 1932;
p. 90, Vol. 109, July 21, 1932,

wator levols the path of the high velocity sheet tends to become
nearly vertical and part of it falls back into the "vallcoy" along

12
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tho faco of tho dam, as shown on Figuro 5-B. This acts as a brakc
on the high volocity shecet and it doos not siwccp so high. Tho cn-
orgy in this caso is vory thorougchly dissinated -:ithout attacking
the strocam bod. On tho ladden Dam modol the hcisht of tailater
vhich would givo thosc conditions for a buckst lip at elcvation 90
vas dotorminod for tho ontiro rancc of dischargo. These tailrgfcr
hoights woro plottod acainst dischargcs and “voroe found to be approx-
imatoly parallol to the tailvatsr ratins curvoe of the river as shown
on Figuro 6; that for condition A ‘was roughly S feot bzlowr the tail-
water curve of tho rivor and that for condition © epproximately 5
foot abova. By lomering tho buckat S5 Tact the A curvs would approx-
imately coincido 7ith tho tailwatcr curve of the river, and a riso
of 3 foot in tha bucket would bring the E curve into agrooment.
\Thﬁs with a buckct. at clovation 85 thc A condition would occur at
all discharges Thilo at olevation 93 thoe E condition i:ould occur
at all dischargos. |

For tho conditions at tho Maddon Dam, vhorc thorc was on
tho rivor bod material vhich was sufficicntly fino to bc movecd by
tho back oddy, thosc rolations worc found to bo unstablo, as tho
back oddy carried thc finc matorial up tovard the buckct and tonded
to build up a bar thore, which cut off tho back prcssurc from the
tailvvator and causcd the high volocity ahoot to flow moro ncarly
horizontal. In this position the high.valocity sheot tondod to

13
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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 S5, C in the place of the eddy.
The force 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 cddy,
this condition would not occur.

It is believed that thesc flow conditions offer a method
of scour protection below dams worthy of serious consideration for
the condition of deep tailwater telow overfall dams. Their eppear-
ance is not as satisfactory as tho hydraulic jump on the sloping
apron but thoy¥ roquirc much less concréte than the sloning apron
and if the condition C can he avoided they bfing even less scour on
tho bottom. In tho Madden modol the lip of thz buckct was horizontal.
If it was curved up sdmowhat as on the Dnioprostroy Dam it is prob-
ablc that the C condition would bo loss likely to occur. It is
not nocessary to have only onc of ths two satisfactory conditions
throughout all discharges, as one might be used for low flows and
tho other fdr high oncs. This will often permit thcé matching of
tho rivor tailwator curve vwhon it cannot be done with cithor ono

alono.

The conventional bucket with relatively short horizontal
apron may bo satisfactory for Class 2 conditions if the jump hoight
curve (bascd on the apron level) is not too far below the tailwater

14



rating curve, since the proper depth to form the Jjump may be reached
on the slightly sloping portion of the bucket, and a relatively per-
.fect jump be formed. If the difference between the two curves is
great, the depth causing the formation of the jump will be reached
on a steeply sloping surface in the bucket or on the steep face of
the dam and the jump be very imperfect, with high velocity currents
extonding far downstream, necessitating a long apron. The length of
the apron may bo considerably shortened by the usc of some forms of

8ill at its downstream end,

Class 3
The third casoc 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 is moro than sufficient at high dischargos. .-

This is é common caso and tho solution consists in artificially cre-
ating enough wator depth to make the jump form on tho apron at low
discharges. This may be done by a low secondary dﬁm or sill across
noar tho downstroam end of a levol apron. This secondary dam must

bo high enough to cause the hydraulic jump to form upstream from it
for all flows for which the natural tailwatep deptp is 1neufficiént.
It may neod a secondery apron downstream from it for it is in face
Just a second dam. Tﬁo depth required may also be secured by depires-
-8ing the apron, proforably by sloping it downward in a downstream

15



direction. This method was used on the repair of the Harilton Dam.*

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

This third case is usually favorable to the use of baffle
piers or some form of dentated sill near the end of the apron, as
these tend to break up the high velocity flow at low discharges and
also to raise the tailwater, both of which actions promote tho‘forma-
tion of the jump. They would also be advantaroous at high flows
since then the depth of tailwater is groeater than required to form
the jump and the nappe over thc crest tonds to divc down to the bot-
tom of the river and flow along thc apron at high veclocity as provi-
ously described. 7“hen this condition occurs, thc sills or picrs arc
useful in breaking up this destructive currcnt. For low intake dams
it 13 not uncormon to hdﬁo tho height of tailwater at high flows suf-
ficient to submerge tho ontiro dam. In such casas thc drop at tho

dam is slight and protoction against thesc high flows is no problom.

Class 4
The fourth casa, whore the ‘pilwator dopth is sufficiont
at low floﬁs.but too amall at high flows, can be solved by incrcas-
ing the depth of tailﬁator sufficiently to causc the jump to form
‘ faf tho maximum dischargo contomplatod, oither by a soccondary dam
or an oxcavated pool. With thesc of tho magnitude roquired for tho
maximum flow, the tailwater depth would bo moro than sufficiont to

\ 16



cause the jump to form on the apron at the lower flows but this con=-

dition would probably not be objectionable for low flows.

~ Effect of Chenges in Dam Crest length

To make the foreéoing analysis as readily understandable
as possible, it has been assumed that the stream flow was uniformly -
distributed over a fixed length of the dam and therefore for a given
discharge there would be a fixed condition of overflow ahd a fixed
tailwater elevation. By the proper seléction of crest 1§ngth. how=-
ever, it may be possible to socure a closer agreement between the
tailvater rating curve and the jump hsight curve than is socured by
an arbitrarily chosen length. If tho first assumed length producas
a Case 1 condition, the agreement will be improved by inereasing the
crest length, which will cut down the discharsge per foot longth
and consequently lower the jump height curve. Similarly, a Class 2
condition can be iumproved by docrocasing the crest length, producing
a greator discharge por lincal foot of crecst and thus raise the Jump
heisht curve. Such changes may rosult in incroases in the cost of
crest g;tos or other feoaturcs of thc dam but this might be much more
than offsct by tho rcducod cost of hottom protsction, and tho possi-
bilitias of such a seving Jjustify a study of this phaso whoro tho

circunstancaes perauit a choico of crest lungths,.

17



Effggﬁugf_grggt Gates

The foregoing analysis has also been simplified by assuming
that the flow of the stream was uniformly distributed over the entire
crest length of the dam. %Viith control cates on the crest, however,.
the flow can be concentrated and at certain portions of the damm the
flow will be greater than at others. To be perfecfly safe, the pro-
tection should be desirned so that it will be sufficient with any
possible condition of gate openings and flow. As a practical matter,
howevor, it may be assumed thaé reasonable jud¢gment will pe used in
operating the gates, and sufficient protection provided so that no
severe damage would result with the undesirable conditions acting
for a limited time, such as might occcur; for examPle, in the cese
of the failure of a gate to close whon desired. 7Tn most cases it
will be found hest to have the crest gates désianed to be capable
of opcrating partially open, in order to distritute the water un-

iformly over tho crest instcad of permittins only an cntirely open

or entirely"closod condition.

Protection for ‘Jecirs of Indian Type

The forasgoing classification applies principally to ﬁro-
tection below masonry overfall dams of the typés commonly uscd in
this country. PFor the broad weirs with slightly sloping aprons
frequontly used in India and Egyrt, a somewhat different analysis
is necessary. The oldest form of this typo of weir consists of a
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pile of loose rock, with or without nasonry dividing, valls, having a
sloping upper surfuace paved with hana-laid rock or masonry, as shown
on Figure 7. After passing over the crast of e weir of this tyve
the water flows dow~n the sloping apron until it encounters the tail-
water, and at this point a hydreulic jwap is usually foimed. To pri-
vent scour, this jup should form far enouch from the downétraan end
of the apron that the turbulence of the jump does not reach to tha
unprotected river bed. To securo this rssult riay nccossitatc tho
extonsion of the apron below tho natural lavel of the rivor hod.

It is nocessery, or at least dosirable, to have the point wh2ors the
jump occurs move up the apron as the discharge increasss, since this
provides a longer lonAth of anron to ta - cars of tln groater tur-
bulence of tho jump with thc larger flows. It is also an advantrs=o
if the wolr is ontiroly drowncd out for very high flows, sincu this
oliminates the combinetion of high dischargc and fall which would
produce so much dostructive onorsye. Thoso conditions oxist at the

-

Rosotta woir,* ( Figuro 7) which is at the hcad of the dolta of tho

*Standing %avo Woirs, by A. D. Butchor.

Nilo. The surface profilos show that the position of thae jump movas
-upstream as ths dischargo incroases aad for a flow of 170,000,000

cubic moters por day tho jump is ontiroly drownod out. Although for
many dams of this typo the maintonanco cost has bsen high, whon con-
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ditions are favorable it may be very low, as indiocsted by the maih- |
tenance charge of 0.4% for a 15-year period at the Iaguna Dam on the

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

*New Reclamation Era, p.'189, December, 1924.

downstream fram the weir, which lowered the tailwater level 7 feet
and necessitated an extension of the apron. _ N

With this type of weir the possibilities of incressing tho
tailwater depth are rather limited. It is therefore unsuited to con-
ditions having a low tailwater lovel and two complete failﬁres aro
beliovod to have been duo to tailwater levels so low that the hy=-
draulié jump occurred too near to or below theo downatrgam adge of
the masﬁnry, causinc an undermining of the structure which pro-
gressod upstream and caused a breach. An adjustment of tho dam
to fit the teilwater conditions may somotiries be made by a propo;
choice of the dam length, as previously discussed. -

Most of the rocent dams of this typo in India and Egypt
‘havo bean constructed with broad, sloping masonry aprons surmounted
with piers and Stoney gatos. The foregoing discussion applies to
this kind also, although it is complicatod somewhat by tho nocessity
of having sufficiont tailwator dopth to cause the jump -to form on
the apron with tho gates in a partial}y open condition. To securc
this it may bc nocossary to carry tho apron below natural bod lovol,
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If tlLe .river carries much bed load, allowance should be made in com-
puting the position of the jump for a retrogressior. of tLe downstrean

river level.

Tailwater Rating Curves

Enough lLas been given in the forecoinc_to show the impor-
tance of the tailwater rating curve in the solution of this protlem.
One of the first sters in attacking the problem at anf site is to de-
;ermine the tailwater rating curve, either by observing the actual
levels for a wide range of discharges or by computation. The former
method should be used if possible, tut fairly satisfactory results
may te secured bty determining the tailwétar elevation for various
disclLarges by means of backwater curves for these flows. Since the
water levels at downstream points for these dischar¢es are probably
also -anknown, the curves may be sturted at assumed elevations far
venough downstream from the dam that thLe error in the assumed eleva-
tion will have disappeared btefore thLe curve has been computed as
far upstream as the dam. That this is the case may be determined
by assuming somewhat different elevations for the same discharge
at the lower end of the stretch and if toth assumptions give prec-
tically the same elevatior at the damsite, the error introduced by

an incorrect assumption is neglifible.
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Laboratory Experiments l'ecessary

It is not the intention of this article to give the impres-
sion that hydraulic laboratory tests are unnecassery in working out
the best form of scour proteétion below dams. Such tests spould be
made on all immnortant structures and will usually pay for themselves
in the improvements which they bring about in the minor features of
the design, entirely aside from the major improvements which they
rnake possible. The intention of this analysis is oﬁly to point out
the lines along which the best solution probably lies, in order that

effcrt may not be wasted in unnecossary investigation.
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