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HIGH OVERFLOW DAMS

PRESSURE RESULTANTS

1. In certain stability problems it is desirable to determine the
actual pressure forces acting on the upstream face of the dam rather than

" to assume straight-line pressure distribution near the crest. Hydraulic
Design Chart 111-17 presents a plot of experimental data showing pressure

distribution in terms of the design head. The data pregented are based on
CW 801 tests for crests without piers and on USBR tests\l) of pressures on
a sharp-crested weir for H/Hd l OO The location and magnitude (in terms

) 51gn neaa) of tn

£

CW

U
11

—
u

.

sure data on the vertical face are not available to allow computa
the resultant (Ry) for H/Hg values of 0.50 and 1.33. Ro is the vertical
pressure resultant effected by flow over the curved surface of the crest.
R3 is the horizontal pressure resultant effected by the flow downstream
from the spillway crest.
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1’-" 3B
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"Studies of Crests for Overfall Dams, Boulder Canyon Project,"
Final Reports, Part VI, Bulletin 3, Bureau of Reclamation, 1948.
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HYDRAULIC DESIGN CRITERIA

SHEETS 111-18 TO 111-18/5

ream face of a

1. An estimate of the loss of energy on the downst
high overflow spillway may be important in the design of e nergy—dlssipating
devices at the foot of the spillway. If the losses are substantial, their
evaluation is desirable in order to design an economical stilling basin or
to estimate the throw of a jet from a flip bucket. The problem is twofold:

(a) determination of energy loss during development of the turbulent bound-

oo Vo oA () AAd mt ot A e 4 s o oa 4 o
ary layer, and (b, determination of energy loss in the fully developed
+11vhitl ant 1A TAr a Tavons hoead An +hea pvect w034 h +he andT1Twaevwvy Aecd on
VUL VU LTlI U LAUVUWe iDL QL Al 6C 1T Aawuw wVii Vil “LCou Wi ulil vilcT O_hJJ»J_J.WQoJ \J.CD_LBLJ.
flow, usually only (a) need be considered. HDC 111-18 to 111—18/5 apply
to the condition of turbulent boundary layer development.

2. Previous Design Criteria. It has been common practice to use the
Manning equation or some_other open-channel equation to determine spillway
gy losses. Gumensky* based an analysis on the Manning equation and pub-
sed. Jansen? proposea an empirical

n .

o
‘.:3
()
R

? o H
(

3 e @
D ® ]
N cF
PW’ l,_.i

[\ ge]
=

by these methods do not agree

3. Boundary Layer Theory. The concepts of displacement thickness
and momentum thicknegs of the boundary layer are discussed in modern fluid
mechanics textbooks.” The concept of energy thickness, which is useful in

+lhhA AT drrmtr Armmcarrr 1 mme maam T An Tnm e mammm A~ ] S ATl a7 2 e P, [
LI Spildl y CLCIRgYy-1055 provici, llas appecarcua 1Il LIIEe 11UEer< cure UIlJ_y
rorentlv dn ']"lr\'lﬂ+"|nrr6 makoaa roforenrcre +tn the 11¢0 nf +he enerov thieckneoca
recently. Schlichting® mzkes reference tc the use ¢of the energy thickness
by Wieghardt. 7 The decrease in energy flux in the boundary layer caused
by friction 1s found by:
o)

1 [ ;.2 2. PN

se [, u(U"-v)ay (1)

2 Jo
whare 3 Ta +the hoiimdavyy laver +hirnrltnmagae aa inAiratald S Fhe Aofini+3iAan
WILICT L O ~ €O ViiT VWUl d Y Laycl UILLLUNALIT OO (= Tw] AV SN B 7l VL L U R S5 3 5 LILT UC L il Ll U1Vl
sketch in HDC 111-18, u is the velocity at a distance y from the bound-
ary, and U is the potential flow velocity. By deflnltlon the energy

thlckness 83 is the thickness of a layer of fluid with veloc1ty U which
represents the loss of energy flux in the boundary layer:

e}
1. "35 -1 r u (U2 - ug) dy (2)
2 P 3°-2°
fau/ U_g\
5, = | 2(1-%) dy (3)
3700 TN A



If ®3 can be estimated, the energy flux loss upstream from any point on
the spiliway face can be found from:

¥ where a is the unit igcharce and ¥ is
7 o, W e g chne 1 scnarg a ? S

4. Turbulent Boundary Layer Investigations. During spillway dis-
charge, the turbulent boundary layer continues to develop until it reaches
the free-water surface or untll the flow enters the energy dlss1pator at
the toe of the structure

e A A A m s 4o oa o it (N i ol
correlated boundary layer thickness and development length (X, with b]ti.ifd,k,c
roughness. His analysis included limited prototype data.lO Keulegan
reanalyzed Bauer's data and proposed the equation
S Fx\ 7Y
= =0.9 ( =) (6)
X \ k /
h) g “r > 5 oy WL U O P, e | ,,._,.A _- = 1 2 [0 By PR P NN RS S
wnere A 1S Ttne alstance 1rom a4l assumed r1gin a1 K 1S Tlle aosoLrute
o FfFana rA1iohnaaca had oh+
PUL LALT LUURKRLLUITOO LT LEIIU .

5. Spillway Energy Losses. A study of Bauer's8’9 data, Keulegan'sll
reanalysis, additional prototype_ data,12 and photographs¥ has been made by
the Waterways Experiment Stationt3s1%* to develop design criteria for esti-
mating spillway energy losses. This study resulted in the curve given in
HDC 111-18 which is applicable for estimating the boundary layer thickness
in flows over spillways. The equation of the curve is:

0,23

= 0.08 ( ) 7

\

o
—

2 Il

where L 1s the length along the spillway crest from the beginning of the
crest curve (HDC 111-18). A roughness k value of 0.002 ft is recommended
for concrete.

¥ Unpublished photographs by the U. S. Army Engineer District, Vicksburg,
Miss., of flow over the spillway of Arkabutla Dam, Coldwater River,
Migsissippi.

111-18 to 111-18/5



6. The relations between boundary layer thickness & , displacement

thickness 7 , and energy thickness ®, , based on Bauer's data for screen
roughness, have been found to be:

5, = 0.185 (8)
8§ = 0.228 (9)
u?) el A\ v

The use of thege relations in conjunction with the potential flow depth and
equations 5 and 7 are recommended for estimating spillway flow depths and
energy losses. Modifications to equations 7, 8, and 9 may prove desirable
as additional data become available.

a. Case 1, The boundary layer thickness © , the flow depth
4, and the spillway energy loss Hy for design heads of
20, 30, and LO ft can be estimated airectly from HDC lll-l8/2
and 111-18/3 for the standard crest shape defined by
HDC 111-1 to 111- a/l The use of HDC 111- lb/d and 11
is appllcaole to spiliways with tangent face slopes of
e T h

~

}__I
|_1
~

'._J

D b ee

O = O 0

.
D n ~JWw

[

. LT Cllpuita v iUlls Ll

face. Therefore, no bulking of the flow is to be expected
from air entrainment caused by turbulence generated at the
spillway face.

b. Case 2. TFor the standard crest shapes with face slopes other

- Flinw Te) 77 TTYY TT17_1 T17_.18  and 111218 /1 and aaiiat+iana 5
Lilall J-.Uo{’ i L J_’ Lll=1lU, allu Lib J_U/_L alill © uations /s
8, and 9 should be used in the manner illustrated by the sa
ple computation given in HDC 111-18/5. If the computed

boundary layer thickness is 1nd1cated to become greater than
the summation of the displacement thickness and the potential
flow depth, the intersection of the free-water surface and

the boundary layer, sometimes called the critical p01nt can
This can. be done by pLOttln the

c. Casgse 3. For other than the standard crest shape, the curved
crest length L, 1is determined graphically or analytically.
The computation procedure is then similar to that for Case 2.

o R

o
e FA e

(1) Gumensky, D. B., "Air entrained in fast water affects design of train-
ing walls and stilling basins." Civil Engineering, vol 19 (December

1949), pp 831-833, 889.
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GIVEN:

Hy =30 ft
H = 250

k = 0.002 ft (Surface roughness)
Face siope = 1:0.7

COMPUTE:
1. Boundary Geometry
a. Length of curved crest, L _
X'l
o= 1.67 (HDC 111.1)

or

| [P Ry PO, 2

=engin orv rangenrt, I—T

YI

== 1.32 (HDC 111-1)

Hd

Y, =1.32H,=39.6 f

v A4 acn 20 ¢« 21N A £
I2‘ I]=LJU_Q7-D=‘IU.QIT

Xy =Xy =g (Yp=Y)) = 147.3 1

L= v(210.4)% + (147.3)2
= 256.9 ft

. Total crest length, L

1 1 'R |
[° L TLT

[
75.0 + 256.9 = 331.9 ft

I

Note: Computed H, is satisfactory and no
buiking of flow from air enfrainment

PREPARED BY U. S. ARMY ENGINEER WATERWAYS EXPERIMENT STATION, VICKSBURG, MISSISSIPPI

o
a.

IL
x

For L =331.9 ft and H =30 ft
H, =20.0 ft (HDC 111-18/3)

Energy head entering stilling basin, H,

L
+

Hy-H_
50 + 30

(]

H,
0 -~ 20 = 260 ft

I
N

Depth of flow, d, and boundary layer
thickness, §, at PC of toe curve

d = 5.30 ft (HDC 111-18/2)
8= 1.62 ft (HDC 111-18/2)

IR AYA N} A\ N | . \AJ v
r [l Y ol ~
SPILLWAY ENERGY LGSS
AL C ~ DI ITTATINANNL
SAMPLE COMPUTATION
FACE QI ADF 1-07
LM R S ) R S 1-\J.I
HYDRAULIC DESIGN CHART !11-18/4



H, =30t -

d c
H = 350 ft —T _L//&& BT
k = 0.002 ce roughness) X :‘

COMPUTE ENERGY HEAD H v AN
ENTERING STILLING BASIN: ! S\

1. Boundary Geometry 7”7/}”\\':@/

a. Length of curved crest, L _ — X5
X] - |- >
"= 1.47 (HDC 111-1)
d
L
c Lo I ¥ 4 Il n- 1 1 /1\
" =4 15(HDC 111-18/1)
d d. Potential flow depth d and velocity U at
|_ =2. 5Hd = 64.5 ft PC of toe curve
b. Length of tangent, L; H. =d cosa+ EJ_Z
Y, ' 29
— = 1.04 (HDC 111-1) Cos a=0.6150
d Hpr=H+H =350+30=2380 ft
Y, =104H,=312f
Y, - Y, =350-31.2-318.8 f By trial d -
'D —
Tuna:..]'—..o.=L282] U LU P H_-l:J—2 q=Ud
0.78 e 2g | "T 29| T 2g a="%
Sin a=0.7885 66150
0.6150
. Y_ - Yl IR PR TR TR ITAY (L.
L= Sino - 404.4 ft (1) (1) iri) () lcts)
c. Total crest length, L 156.0 | 377.9 2.1 3.41 532 < 662
155.9 | 377.4 2.6 4.23 659 = 662
L=L_+Ly
=64.5 + 404.4 = 468.9 ft e. Spillway energy loss
2. Hydraulic computation s 113
Y
a. Boundary layer thickness, & H_ =—7(Eq5, sheets 111-18 to 111 18/5)
£35S
L 4689 ... o5 0.462 (155.93 .. .
k=0.002 = 4344 10 =“eaed M
-0.233
%: 0.0 “f) (HDC 111-18) f. Energy head entering stilling basin
=0.08 (0.0561) Hy=H+Hy-H_
N NNAAD
= u.uua4y =350 +30-41=339 ft
§=2.10 ft
g. Depth of flow, d, at PC of toe curve
b. Energy thickness, &, d=d_+8,
53 =0.225(Eq9, sheets 111-18 to 111-18/5) 3 =0.18 5 (Eq 8, sheets 111-18 to 111-18/5)
= 0.462 ft =0.18 (2.10) = 0.38 ft

d=4.23+0.38=4.61f

Jnit discharge, q
harge, g

(2]

0= CHi/z
C = 4.03 (HDC 111-3)

q=4.03(30)3/2 = 662 cfs

s 8 a o amos s som o= pms ™~ A A aFS

HiGH OVERFLOW DAMS

SPILLWAY ENERGY LOSS
SAMPLE COMPUTATION

FACE SLOPE :0.78
HYDRAULIC DESIGN CHART II1-18/5

WES (-68

tory and no bulkin

actory and no

«

Note: Computed m, sa
of flow from air entrainment since &<
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HYDRAULIC DESIGN CRITERIA

SHEETS 111-19 TO 111-19/2

CREST SHAPES

1. Purpose. Use of spillway crests with offsets and risers may
effect apprec1able economies in the construction of concrete gravity spiii-

U " | A~ LVa Al A

ways provided the concrete mass eliminated from the standard crest shape
defined in HDC 111-1 to lll=2/1 is not required for structural stability.
The scheme has also been adopted for the high arch dam Monteynard.

HDC 111-19 to 111- 19/2 should serve for developing crest shapes for prelim-
inary economic studies. It is suggested that the final spillway shape be
model-tested.

M/Hﬂ was selected as the basic shape varlable. The offset dimension N
does not appear to be very effective until the ratio M/H becomes very
small. One limiting case is the offset weir with no riser (M = O), which
forms a L45-degree backward-sloping weir. The lower nappe of the flow over
Y5~ degree oac&wara-SLoplng, sharp-crested welr may extend initially
t c he ot il

m T~
L ne
=}

e

O ot

. e O
ribed in 1-
udy were from_experlments w1th negli gible
ve1001tv of approach a condltlon representative of a high dam for which
substantial savings in concrete would result from undercutting the upstream

face. These data were for M/Hd test values of 0.240 to 0.396 having

= ’__l

b

- e

J—nn
1 U iiiE
1 to

Q H
()
[N

AU
4]

i Al

-
¢V
@]
t O
0]
Q
cf_
jng
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N/Hd values of O. 079 to 0.240. The resulting M/N values are 1.0 to 5.0.
Sections having T/m values less than 0.5 are not recommended. The re-
sults of this study are summarized in HDC 111-19 to 111—19/2 and generally
define spillway crest geometry for riser-design head ratios of

0 <M/H, <1.0.

3. Crest Location. The USBR lower-nappe coordinates are in terms of
the head on the sharp-crested weir and have their origin at the weir. For
design purposes, it is more convenient to have the coordinates in terms of

the head ﬂd on the round crest with their orlgln at the crest apex.

HDC 111-19 gives curves for estimating the distance X, of the round crest
from the sharp crest and the height Y. of the round crest above the sharp
crest. The curves are in terms of the deqwgn head H on the round crest

head M/H,q . The values of Xo/Hy and Y_./H; were found to be 0.287 and
0.166, respectively, for the limiting case of M./H{q =0 . HDC 111-2/1

111-19 to 111-19/2



gives values of 0.270 and 0.126 for X_/Hy and Y /Hy , respectively, for
the case of M/Hy > 1.0 . These limiting cases aré plotted in HDC 111-19
and were used as guides in defining the general shape of the curves given
in the chart.

I NAtm at+raam Oi1adwvant Mha a+andard PAvrm AfF +he amtied+ian PAr +he
“T o LJIUWILO LL TAUL QUAUL QllU e LIIT o uQldiucL i LuvLiilud v LIIT ClyYyugudlwvil LvL wviicT
downstream quadrant with the head on the round crest is:
Y / X \n
= -x(F) w
.Ll.d \J.J-d/
r A o1 f : v S a4 ' o . o ~ O ar AT
Values of the constan and the exponent n for various ratios of M/Hj
Tramra Aot avminad srarhiaallxr anAd ki alandrnAani~r Anammiit o TaTiinae AF " anA
wColCc ucucllluLlticu 5J.a«i)ll_L\.,daJ_J_J allll L}y Tl ULIUVIILL CULPUULTL Vva.lucoco Ul Ll L LilL
X resulting in best correlation with the basic data are plotted in graphs
a and b in HDC 111-19/1. Data points appropriate for the limiting cases

discussed in paragrapﬁ 3 are also shown. The vertical-face spillway de-~
fined in HDC 111-1 has n and K wvalues of 1.85 and 0.50, respectively.
It is reasoned that the values of n and K should approach these limits
asymptotically as the riser height M becomes larger in relation to the
design head H

q *
5. Upstream Quadrant. The standard form of the equation defined in
HDC 111-1 to 111-2/1 for the upstream quadrant of the vertical-face weir
was used as a basis for the case of weirs with offsets and risers:
nl n
Wy /X X / X\ (2)
8 -5 \a) o\ )
W N N/
Tha cniharrint T rafaoara +n +the chavrn=crrected weir e randitinne actah.
The subscript w refers to the sharp-crested weir. The conditions estab
lished for developing the exponents and constants of the equations included:
ay

a. Curve slopes =%— of zero at the round crest and of infinity

at the sharp-crested riser for the selected values of Xe/Hd

T TAv M raliiea S O 2L +he evrnonent N AF +ha Pirat +orm

i. Lrour l"l/ll.d Val.uco ~— \J.L"l', vilic C.A.HUJ.J.C.I.LU i1 (W LLIT L1l oU vl
has the value of 0.625 developed for the vertical-face weir
using relaxation data of McNown and others3 discussed in

HDC 111-1 to 111-2/1.

c. The exponent n of the second term is the same as that
developed for the downstream quadrant.

3 Mha ~Aanatandta ¥ and W AaralAanad +~ mratride o vesannahla
ULe Ll CUOUllb Lvalluo I\.l [=NS10X 1\2 ucvcocliupcu LU pLUViIUC a lCcaoVilauitc
it to the evrperimental dats
11T TO The experimenta. dcata.

6. Computed values of exponents and constants for equation 2 based
on the selected USBR data are plotted in graphs a and c¢ in HDC 111-19/1.
The plotted points meet the conditions established in paragraph 5.

17710 4+~ 1717_70 /0
iii-15 ©o 111-19/2



7. Application. The crest shape defined in HDC 111-1 to 111- 2/1
should be applicable to overhanging spillways having riser heights
> 0. bHd Use of the curves in HDC 111-19 and 111- 19/1 is suggested for

preliminary design purposes should there be design reasons for making the

riser smaller than 0.6Hy . The curves on these charts should be used in
the manner indicated by the sample compubation given in HDC 111—19/2. The
final design should be model~tested. The use of a curvature of appreciable
radius to connect the riser to the sloping overhang is recommended if model

tests indicate pressure pulsations on the crest resulting from flow separa-
tions around the riser.
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AN s

g =auat
M

H = 0.30 ft
d

N

H= 0.25

RETESY

Hd Hd)

K =0.508, n= 1.825 (HDC 111-19/1)
Y /X \1.825

Hd;D 508 W}

K, =0.405, K, = 0.730

mp—’

n, =0.625, n=1825

Y /X \0.625 /x \1.825
qo=0405 () —or30(2 )
w \'w/ \N'w/
3. Check for Zero Slope at Crest
X Y
= =0.282, = =0.130 (HDC 111-19)
4 My
H,=Hg+Y_ =H;+0.130H, = 1.130H,
L _ Xe _giz_nﬁ:n Ye = Ye _nc
H, T 1.130H, 71130 = <> H T nasoH, T
w W
AR\

0.405 x 0.625
(0. 250)0.375
0. 253

- 0.730 x 1.825 (0.250)0-825

- 1.331(0.319) = 0.002 = 0.000

Note: For final design greater accuracy of
computations is recommended.

PREPARED BY U. 5. ARMY ENGINEER WATERWAYS EXPERIMENT STATION, VICKSBURG, MISSISSIPR|
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- Solve for Volues of K, and K, Giving
X

Zero Slope at the Crest for H—e = 0.250
H,
Y. /X" X\
n,o\\,) e,
0.115 = K, (0.250)0-6%% - K, (0.250) 829
0.115 = 0.421K, - 0.080K, (nm
Y
d(—e\
\H,/
— = 0.625K . (0.250)-0.375
X =U.02018 (U.20v)
J/.__e)

- 1.825K, (0.250)°-82° = 0
1.05K, - 0.583K, = 0

K, =0.554K, (2)
1= 004K, 1)

Substitute Equation 2 into Equation 1
0.115 = 0.421 x 0.554 K, ~ 0.080K,
K, =0.752, K, = 0.416

Upstream Quadrant Equation

KY =0.416(H;X\)0'625 —0.752( )

w

1.825

HIGH-OVERFLOW DAMS

SPILLWAY CRESTS
WITH OFFSET AND RISER
CREST GEOMETRY
SAMPLE COMPUTATION

HYDRAULIC DESIGN CHART I11-19/2

WES 1-66



SHEETS 111-20 TO 111-20/1
ELLIPTICAL CREST SPILLWAY

COORDINATES

Previous Crest Shapes.
Downstream Quadrant. The U. S. Bureau of Reclamation

jo*

(USBR) (reference 6) conducted extensive experiments on
the shape of the falling nappe over a sharp-crested weir.
Using these data, the U. S. Army Corps of Engineers recom-
mended that the 1.85 power of X be used to define the

P I } P ] PR

downstream quadrant for a hig
n
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I - 3>
s F= Q0
W

~ t;.

-

(md
Q
=h
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Upstream Quadrant. It has long been known that, for

curving flow of the type encountered in overflow spill-

ways, conditions at any point in the flow are dependent

upon influences directly upstream. Early attempts to fit
1

circular arcs to the pfofile of the lower nappe of flow
over a sharp-crested weir produced surface discontinuities
at the weir crest. This problem was partially remedied
through the use of a combination of relaxation techniques

and data fitting (references 1 and 2). Another method,
the fitting of a third, short-radius arc tangent to the
vertical face and the intermediate-radius arc, was model
tested at the U. S. Army Engineer Waterways Experiment
Station (WES) (reference 4) and is incorporated in Chart
11-2 ; 1igh
verf m

Fh Q =

ace. Curves an
ogee crest are given in Charts 1
122-3/5.
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2. Elliptical Upstream Quadrant Model Tests. 1In the late 1960's,
WES conducted a study to compare performance of four commonly used up-
stream quadrant design procedures (reference 4). Of the four tested,
the short-radius arc method (Chart 111-2/1) and an elliptical formula of
the following form
X 2 Y 2
vl s v (1)
[*a) ()
\ / \ /

where A and B are the major and minor axes, respectively, of the
ellipse, appeared to yield the most acceptable results. In 1973 WES

published results (reference 5) of preliminary studies done to verify a
design procedure incorporating an elliptical upstream quadrant deVé‘ope
from the USBR data of reference 6. The procedure was verified for high
spillways during these tests. A comprehensive test program with a wide
range of approach velocities, upstream face slopes, and head ratios was

conducted at WES from 1977 to 1982 (reference 3). For these later ex-
periments P/H » Wwhere P is the approach depth, ranged from 0.25 to
2.0, H /H ranged from 0.4 to 1.5, and upstream face slopes ranged
from verti€al to 2V on 3H.

3. Spillway Crest Coordinates: Downstream Quadrant. For high
spillways where the velocity of approach can be considered negligible
(ha/Hd < 0.06), the downstream quadrant equation is that given is Chart
111-2. As the depth of approach decreases, approach velocities increase
and the spillway should become flatter to match the partially suppressed
vertical contraction of the nappe. Data for sharp-crested weirs were

* o S _a O e _ a - S a T vn
found to be closely fit by maintaining the form of the equation (X =
n-1
KH, Y) with n = 1.85 and varying K with approach depth (refer-
ence 5). The K value can be determined from Chart 111-20,

4, Point of Tangency: Downstream Quadrant. Chart 111-1 is a
plot of coordinates for the tangent points X/Hd and Y/Hd versus

slope function « (1/slope) for K = 2.0 . Coordinates of the down-
stream tangent points, X/HA and Y/HJ » for other K values can be
determined from Chart 111-1"values by multiplying those values by
(K/Z)I/O'85 . Alternately the coordinates of the downstream tangent
point can be determined directly from

\1/0.85

X / K
= \1.85a)
\ /

~
h%]
~

(=9

[=9

o4
3



-1 (3
B, - K\E,)
a \ a/
or

o +f . \1.85/0.85

=2 l =~ } 4)

H K \1.85a

d \ /

5. Spillway Crest Coordinates: Upstream Quadrant. Model studies
indicated that the quadrant of an ellipse in which the axes systemati-
cally varied with depth of approach would fit the measured data except
that the ellipse quadrants would extend upstream of the position of the

sharpﬁg;ested weir used to generate the nappe form to become tangent to
the vertical (reference 5). This extension is more pronounced for lower
values of P/H . The general equation for the elliptical upstream

quadrant is glven by

2 2
%Jrﬁ':'i&:‘
A B

~
W
~r

where the origin of the coordinates has been translated to the crest
apex and the positive y-direction is downward (see definition sketch on

Chart 111-20). Solving for Y , equation 5 becomes

% (6)
\ A
Graphs to determine A and B , normalized by the design head Hd , for
various ratios of approach depth to design head P/Hd are given in
Chart 111-20. For P/Hd >2.0, A and B become constant with values
of 0.28H’1 and O0.164H. , respectively.

6. Point of Tangency: Upstream Quadrant. If a sloping upstream
face is desirable (normally P/Hd < 1.0), then the elliptical upstream
quadrant is designed for a vertical face as discussed above and the
sloping upstream face is attached tangent to the ellipse. The coordi-
nates of the upstream point of tangency (PT) are determined by differ-

entiating equation 6 with respect to X and setting it eq&al to the
upstream face slope Fe and solving for the X coordinate, i.e.

b=




where Fq is equal to the slope AY/AX of the upstream face. Substi-
tuting for X in equation 6 and solving for the Y coordinate gives

<
]
tx
|
7~~~
(o]
g

(.2 2 2\1/2

AF +B,
/

Chart 111-20/1 illustrates the computational procedure for determining
the coordinates of a spillway with an elliptical upstream quadrant.
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U.S. ARMY ENGINEER WATERWAYS EXPERIMENT STATION
COMPUTATION SHEET

JOB_GS 801 PROJECT_JOHN DOE SPILLWAY SUBJECT_ELLIPTICAL DESIGN

COMPUTATION_SPILLWAY DESIGN

COMPUTED BY_AJR DATE_10/26/82 CHECKED BY_BJB DATE_11/20/82
GIVEN:

APPROACH DEPTHP=15FT
DESIGN HEAD Hy =26 FT
4V ON 1H UPSTREAM FACE

2V ON 3H DOWNSTREAM FACE
REQUIRED:

SPILLWAY SHAPE WITH ELLIPTICAL UPSTREAM QUADRANT
COMPUTE:

1. COORDINATE COEFFICIENTS
P/Hyq = 15/25=0.6
FROM CHART 111-20 A/Hq=0.25 B/Hq4 = 0.146 K =2.04
A=6.25 B =3.65
Fe=V/H=4/1=40
aA=H/V=3/Z=1.D

UPSTREAM:
AZFs {6.25)2(4.0)
X=- = - : : = -6.184 FT
ia2e 2 2 n2:1/2 fin ae21432 10 aey211/2
(A“Fsc T B [10.£D)<(4)° ¥ {3.00)7] "'
2 2
vY=R8- __ 8 __ . 3.65- (3.65) = 3.123FT
(AZF 2 +B2)/2 [(6.25)2(4)2 + (3.65)2] /2
DOWNSTREAM:
[ k \1/085 | 2.04 \1/085
X = (1 oC~ Hd - (41 QE\/1 :\) (25) = 17.41 FT
\I.O , \\l DJ’\I.J]/

3. EQUATIONS:

UPSTREAM:
r / X2 \1”121 r r/ X2 \1”1'2)1
vy=8l1-[1-=]"| =3es|1-{1- = )"|
L \ A?) | L \ 625/ |
DOWNSTREAM:

ELLIPTICAL CREST SPILLWAY

NOTE: ATTACH UP- AND DOWNSTREAM COORDINATES
FACES AT TANGENT POINTS. CREST DESIGN

™M A M~
TTYSHIVE DUWNWARD. HYDRAULIC DESIGN CHART 111-20/1

BY US. ARMY STATION, WES 11-87




HYDRAULIC DESIGN CRITERIA

HEETS 111-21 TO 111-21/1
ELLIPTICAL CREST SPILLWAY

DISCHARGE COEFFICIENTS

1. General. Discharge over an uncontrolled spillway crest is
computed using the equation

3/2
L
Q=2¢C He
where
Q = total discharge, cfs
C = discharge coefficient (Chart 111-21 and 111-21/1)
L = effective crest length, ft (Hydraulic Design Sheet 111-3/1)
He = energy head on crest, ft
2. Test Data. Tests were conducted at the U. S. Army Engineer
Waterways Experiment Station (WES) in 1970 (reference 1) and 1977-1980
(reference 2). The later set of tests was conducted in a 2.5-ft-wide
flume with a design head of 0.8 ft. Because of possible Reynolds number
effects, measurements were not made for H_ less than about 0.3 f
<
(H /H, = 0.4, where H is the design energy head on crest in feet).

e’ 'd ’ d 5 =M )
Instead, curves were extrapolated to the theoretical value of about C =
1 NnO el b L aln Amn L L2 At ar £ nemtrtanl £V Ay ~xrar A henad _Awvactad
J.UT7 4 wWIIL1CIl 185 Lile Coelri1101€eIlt 10r crividal 110 OVEL a4 viIvuau—cicdiLcu
woeir (raforonce ) Tor P/y = 0 725 whaoare P iec the crect heiocht
weir (reference 3). For P/H, 0.25 , where P 1is the crest height
above approach channel invert in feet, measurements were difficult above
He/H, = 1.0 due to upstream turbulence as ssociated with a Froude number
near 1.0. The kinetic energy correction factor o was assumed to be

1.0 for all tests.

3. Two separate plots of the three variabie groupings involived
are provided for ease in interpolation. The curve marked 3.4 on the C
vs He/Hd plot in Chart 111-21 is identical with the curve for high
overflow dams presented in Ch 111-3. It can be considered to be the
limit above which the relative spillway height has little or mo
influence.

4, Application. Although there is a general tendency for flatter
upstream slopes to result in lower discharge coefficients, elliptical
crest data for all upstream slopes fall into two distinct envelopes:
slopes less than 1V on 1H and slopes greater than 1V on 1H. See
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Sheets 111-20 to 111-20/1 for a discussion of slopes used. It is recom-

mended that the two families of curves shown in Charts 111-21 and

11121 1T hao o0l Advant+rley FAar alAansoe ovaatar Av lTaca +han 11U An 1T "o

1117417 2 v oDCcU u.l.l.!:l.l._l—y LUL DJ—UPCD BLCGLCL VUL 1LCTDO Cilialir 41 v UllL 111y L T
spectively., Charts 111-21 and 111-21/1 should also be used to develop

perimental data for elliptical crest spillways. The concept of under-
designing for H_ > H, is also applicable to elliptical crest spillways

(&4

s d H/H,=1.0, especially
for values of P/Hd above 1.0,

5. References.

(1) U. S. Army Engineer Waterways Experiment Station, CE, Investiga-
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l.LJ.éll- Uy.L.l-J—WG] E) ik UYL aAui . davuvirLavu L LLIVGDL.LBGL .Lull’ w id e e
Melsheimer and T. E. Murphy, Research Report H-70-1;, Vicksburg,
Miss., January 1970.

(2) » General Spillway Investigation; Hydraulic Model Inves-
tigation, by S. T. Maynord, Technical Report HL-85-1, Vicksburg,
Miss., March 1985.
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HYDRAULIC DESIGN CRITERIA

SHEET 111-22

1. Previous Criteria. See Charts 111-5 and 111-6.

2. General. See Sheets 111-20 to 111-20/1 for a description of

model studies conducted at the U. S. Army Engineer Waterways Experiment
Station (WES) to test elliptical crest spillway design concepts.* Two
Type 3 piers were located as shown in Chart 111-22, See Chart 111-5 £
a description of Type 3 pier geometry. For a vertical upstream face,
the pier nose was located in the same plane as the face of the spillway,

and this same horizontal distance was maintained upstream of the axis of
the spillway crest for a 1V on 1H face. Measurements were taken for
P/Hd = 0.25, 0.5, and 1.0 over a range of Hp/Hd values where P is

the crest height above approach channel in feet, H, is the design en-

.
- A~
H  is the energy head o

Tl

3. Application. Chart 111-22 provides an estimate of pier con-
traction coefficients for an elliptical crest spillway. Curves are
drawn for clarity purposes and should be used with caution since coef-

icients depend greatly on approach conditions. Further data may be

f
necessary to confirm trends and values indicated by this figure.

o~
UL

* U, S. Army Enginee r Waterways Experiment Station, CE, General Spill-

way Investlgatio H Hydraulic Model Investigation, by S T. Maynord_
Technical Report HL-85-1, Vicksburg, Miss., March 1985.
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HYDRAULIC DESIGN CRITERIA

o Mo 111 919 mA 111 91 ln
ONLELLID 11l1l-=4)0 1VU 11l1-=45/O

ELLTIPTICAL CREST SPILLWAY

1. General. See Sheets 111-11 to 111-14/1 and 122-3/9 to
100 Aalin £ e . r _ . Y S R 1 PRI I S T T
122-3/10 for discussion of previous criteria and other availabile
information.

2. Model Tests. See Sheets 111-20 to 111-20/1 for general model
test details (reference 2). Tests were conducted for both gated and un-
gated crests for P/HA values of 0.25, 0.5, and 1.0 and Hr_‘/l-lr1 values
of 0.5, 1.0, and 1.5, where P 1is the crest height above approach chan-
nel in feet, H is the design energy head on crest in feet, and H
is the energy head on crest in feet.

3 Chart 111-23 ig apnpnlicable for uncated ellintical =n111w2v

< e < A4S SQPPLalalitT LUL VHBOLTLU Tililipsaliaos LWy

crest design. Charts 111- 23/1 through 111- 23/3 depict upper nappe pro-

files along piers and in gate bay center lines for the three different
P/H’1 values. See Chart 111-22 for a description of pier placement.

Application. Upper nappe profiles were found not to vary sig-

4.

nificantly with change in upstream face slope over the range of slopes
and DP/u waliiaa +aatad Tar valiiao oFf PJ/uo ~Athar +ham thaca oderan
alLia L/ nd Valucd LedDLCU. ruUL vailucd Ul Ly ﬂd ULlLicL tilall LlIUDT pKiIVCil,
P/ mav he nloatted versns VY/H for conctant X/H ac demonstrated
P/H. may be plotted versus Y/H for constant X/H as demonstrate d

d d d
by Rouse (reference 1). Ungated flow values of X/H, to about 0.8 and
______ P R 4 < /17 £ a3 £V o L. L__ __‘_1_1_“_: 1T T
Cerntrali vaiues o1 /nd 10r gatea 1iow ma Dé 1nterpoilatea linedriy
withantr afondfirant arrar
WitiivuLe D.I-B LLA LLQGLIL CLLUL o

5. References.

(1) Rouse, H., ed., Engineering Hydraulics, John Wiley and Sons, Inc.,
New York, N. Y., 1951, p 530.
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Maynord, Technical Report HL-85-1, Vicksburg, Miss., March 1985.
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ELLIPTICAL CREST SPILLWAY

SPILLWAY CREST PRESSURES

1. Hydraulic Design Charts. Charts 111-24 to 111-24/8 present
plots of crest pressures for He/Hd values of 0.50, 1.00, 1.17, 1.33,
and 1.50 and P/Hd values of 3.4, 1.0, 0.5, and 0.25 for crests with
and without piers, where P is the crest height above approach channel
in feet, H, is the design energy head on crest in feet, and H_ is

a <

the energy head on crest in feet, Piers for P/Hd = 3,4 wyere Type 3A
(see Chart 111-5) with the test arrangement depicted in the insets of
Charts 111-24/7 and 111-24/8 (reference 3). Piers for all other P/H

o
values were Type 3 with the same test configuration except flume width
equalled 2.5 ft (reference 2).

2. Application. These charts apply to spillways with and without
piers over the given range of P/Hd values which are designed in accor-
dance with references 2 and 4 and Chart 111-20. Pressures for interme-
1 . 1 . | s A J— T Py IR e | T __ =1 _a s o __ 1 Iy —— e mm o= A ey ,T" £ e an
dalate nead ratios can be obtained DY plotuiing /nd versus n /nd LIOT
a oiven Y/H e
a pivell l\.[lld .

3. It is recommended that spillway design head Hd be selected
so that minimum crest pressure for the maximum expected head is less
than -20 feet of water to ensure cavitation-free operation and avoid
possible pulsating and inefficient spillway operation (reference 1) (see
Chart 111-25). Chart 111-24/9 provides a suggested minimum allowable

pressure design curve for an elliptical spllléay crest without piers.
It was constructed using maximum negative pressures for P/H values of

0.5, 1.0, and 3.4 for vertical and 1V on 1H upstream faces. Chart
111-24/10 provides a data summary curve for the case of an elliptical
spillway crest with piers designed as described in paragraph 1 above.
Note that maximum negative pressures along the pier contrcl the design
head limit in all spillway crest designs with piers.

4, References.

(1) Bauer, W., and Beck, E., Handbook of Applied Hydraulics, McGraw-
Hill, 1969, Section 20.

(2) U. S. Army Engineer Waterways Experiment Statiom, CE, General
Spillway Investigation; Hydraulic Model Investigation, by S. T.
Maynord, Technical Report HL-85-1, Vicksburg, Miss., March 1985.
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ELLIPTICAL CREST SPILLWAY

CAVITATION SAFETY CURVES

Ceneral Shoats 11120 throuch 11124710 describe variocus

. UCiliT LAl e Vil T Lo R —\J LLILUUBIL E S S e AV UCTCOLVL AV VQL iALvuo
design aspects of elliptical crest spillways. For a description of
model test data to support these sheets, see reference 2 and Sheets

111-20 to 111-20/1.

2. Cavitation Safety Curves. Charts 111-24/9 and 111-24/10

present plots of the function Hp/Hd = F(H /Hd) where H is the pres-
sure head, H, is the design total head on crest, and H_ is the

u <
actual total head on crest. This formulation is versatile and can be
used for any value of the pressure head Hp . However, vacuum tank
Alhannviratrtanmes her Alhannaad o (vafawvmanman TN 2mA3nntnad +2hhatr narsrdtasd nm ~em o
UudTLValtliulld vy nuvciadli \Lcilccreliice 1) dlidlilalLcld tLilabt Caviitatlivull Ul a
spillway crest would be incipient at an average pressure of about

s} t a

—25 feet. For safety purposes, it is recommended that spillway crests
be designed so that the maximum expected head will result in a pressure
no lower than about -20 feet. Chart 111-25 is taken from the data of
Maynord (reference 2) for H = -20 feet and a crest without piers.

| 4
Curves of -25 and -15 feet are also presented. The -25-foot curve cor-
responds to the lower portion of Abecasis' measured envelope of values
for incipient cavitation. Chart 111-25/1 presents the same curves for a
crest with piers located as described in Charts 111-24 to 111-24/10.
These pressures were measured at a point 0.02 foot from the pier edge in
a model with a design head Hd of 0.8 foot. The two -20-foot curves

can be approximated by the following equations:

P . \ - ooy 102585 PN
(without piers) Hy = 0.277(H)) (1)
(x wit niare) H = 0 _1INa¢( \1.2186 (2)
AWit 1 P+EiLS), xxd U.JUJ\lLe, \<&J

3. Design Examples. Depending on the available data, economics,
and other design restrictions, there are many different approaches to
the proper sizing of a spillway for preliminary design.

4. References.
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DlVlSlon, American Society of C1v11 Englneers vol 96, No HY12,
December, 1970.
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(2) U. S. Army Engineer Waterways Experiment Station, CE, General
Spillway Investigation; Hydraulic Model Investigation, by S. T.
Maynord, Technical Report HL-85-1, Vicksburg, Miss., March 1985,
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HYDRAULIC DESIGN CRITERIA

1. General. The principle of conservation of linear momentum re-
sults in the classical hydraulic jump equation

J ﬁ1r2 h2

cV U

1, /2,1

Tables for the evaluation of Do may be found in the Corps of Engineers
Hydraulic Tables, 2d Edition, 194k,
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D

On each chart famil an o g
charges per foot of bas1 w1dth and heads. Cha t 12-1 covers a h
range of 5 to 500 ft and a discharge range of 10 to 250 cfs. Chart 112-2
covers a similar range of heads but has a discharge range of 100 to 2500
cfs. The head (H) as deflned by the sketch at the foot of each chart is
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of a sp 1llwa may be cons1derablv less than the normal friction loss in
well-developed turbulent flow. Two lines depicting the Froude number

squared (F& = 3 apnd F< = 12) are shown to define the jump characteris-
tics. The line F< = 3 marks the boundary between jumps of the undular
and shock types. Model studies indicate that a strong hydraulic Jjump
the gion

[, 2 Al s LT~ T ™ —_ N
forms in the regi pove Ttne .1ine F- = 12 .

* R. L. Irwin, "Diagram for hydraulic jump," Civil Engi

1942), p 335.

*¥% W, J. Bauer, "The Development of the Turbulent Boundary Layer on Steep
Slopes," Dissertation, University of Iowa, Iowa City, August 1951.



SPILLWAY STILLING BASINS

HYDRAULIC JUMP
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HYDRAULIC DESIGN CRITERIA

SHEET 112-2/1

SPILLWAY STILLIN

1. The balance of pressure-plus-momentum upstream and downstream
from the jump is the basis for the theoretical equation of the hydraulic

jump. This equation is given in HDC 112-3. When an end sill or baffle
piers are added there is an additional force, in the upstream direction.
U. S. Army Corps of Engineers EM 1110-2-1603'\%/ suggests that a satisfac-
tory Jjump will occur for 0.9d, by the use of an end sill and baffles
although more shallow basins have been demonstrated to perform satisfac-
torily in the laboratory.
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3. HDC 112-2/1 can be used as a guide in selecting baffle pier
ight and location as well as in estimating the velocity in the vicinity

H ®

of 2, 3, 4, 6, 8, and 10 are given. Th V 1is expressed
in terms of the entering velocity vy . The distance y above the floor
is in terms of the depth downstream from the jump do .

1] — P - - - P N - < P - .
4. The force exerted on the baffle piers and the resulting reduction
2 X 1L _ 1 P D P s e o= Py | S mmcca e P h ot _ 2 _ fy P, S = e Py ) TTTWVY
in otal QO Sireanm pressure ana monentum can e esuimalte Dy S€ Ol IIA
112=2/1 and an estimated drag coefficient. Available data indicate that
he nier snacing as well ag nier size and geometrv has an effect unon the
the pier spacing as well as pier size and geometry has an effect upon the
drag coefficient. The designer is also sometimes concerned with the force
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HYDRAULIC DESIGN CRITERIA

SHEETS 112~3 TO 112-5

SPILIWAY STILLING BASINS

1. The conventional hydraulic jump equation is based on the prin-
ciples of conservation of momentum and continuity of flow. The equation is

D AI v.2p D2
e R S s R |
Dp=-FH|—F—+F

<

where D1 and Dp are sequent depths upstream and downstream, respec-
tively, From the Junp. V; and Vp are the corresponding sequent
velocities.

'ables have been published by Klng(3) and the Corps of
that give the Do value when the Dy and V; values are

3. A log-log graph, devised by E. W. Lane(5) and published by the

National Resources Commlttee(H), is given as Chart 112-3. It may be used
to determine Do and Vp when Dy and V3 are known.

4. A graph on Cartesian coordinates was devised by Douma(2) and re-

published by ADDett\L). This graph gives the solution for Do when “l
anA3 xr PRI PSR [ ¢ PP, Iy o mmrarmmarad Pane o mamrmesa AP armlatac A

JLO% Vl are KIIOWIi. LLC glapll was plecpal'cu 10 o Jlallge Ul va.ilues UJ.
10 < Vy <100 in Chart 112-4 and of 6 <Vy < 40 in Chart 112-5.

5. List of References.

(1) Avbett, R. W., American Civil Engineering Practice. Vol II, John
Wiley & Sons., Inc., New York, N, Y., sec 17, p 56.
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tion, Memorandum to Chief Designing Engineer; Denver, Colo., 30 June
1939, Appendix 1, fig. 17. (Available on loan only)

(3) King, H. W., Handbook of Hydraulics. 3d ed., McGraw-Hill Book Co.,
Inc., New York, N. Y., 1939, table 133, p. 44h-L45.
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HYDRAULIC DESIGN CRITERTA
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basin. Where a tailwater deficlency prevents satisfactory hydraulic Jjump
performanoe and accompanying energy dissipation, the stilling ba51n floor
is set lower than the riverbed and an end sill forms a step, or rise, to

the elevation of the bed of the channel. Hydraulic Design Chart 112 5/1
can be used to determine the relation between the Froude number of the
entering jet, the sill height, and the downstream depth required for
stabilizing the hydraulic jump when baffle piers are not used.

o] Mha afPaoarnta AF and o111 hadioht armnamn +ha vadiiatian Af PFlawr Aont+h
[ L 11T e Cb o UJ. Tl oL L L 11CJ.6L1L} yull LUIIT L TuucC uviulil UL L LOUW \J.Cl} Uil
downstream from a sill have been investigated experimentally by Forster an

Skrinde.¥* Chart 112- 5/ reproduces the data and curves published by
Forster and Skrinde. The ratio of the depth di over the end sill to the
entering depth dy 1is plotted against the Froude number F1 of the
entering flow. The curves represent various ratios of sill height to the
upstream depth h/dl for basin lengths of 5(h + d3). The dashed line
abeled h/al = 0 1is the theoretical hydraulic jump curve for sequent

3. The design criteria above apply to a stilling basin > (
a vertical end sill or downstream channel invert sufficiently high to pro-
duce the tailwater required for formation of the hydraulic jump. The end
sill may act as a critical-depth control, and flow into the downstream
channel may be very turbulent with supercritical velocities. Excessive

wave action

D’

, surges, and supercritical velocities may require that in-
P . | e e 2 s P ——n =t D L 1 AN Fay i s e P [ I -~ L1 s=L=21"1
creaseca prouvecuoiolnl e proviaed 10r 1V 1L Or 10re aowrnistreanm OI Tne StlLli-
Anog haain A Nravent Arhanneal armncdnan Narafiril Ananaeidervat+inn chnii1Ad he
Lilgs Mo L1l VW LUV OllLU Clikalllic Tl WV LUlle vl CTlL Ul CLuvlloluCiaulull [PV AV RS VA
given to the need for increased riprap protection downstream of the still-

ing basin. In extreme cases lowering of the basin elevation and use of a
standard-type stilling basin may be more economical than extensive riprap
protection.

¥ J. W. Forster and R. A. Skrinde, "Control of the hydraulic jump by
as11a M Monnar oo At 3 Ao Avnmnnnt Anrm QAand Adcr ~L A2 2n2 T Thaa o2 s Amca e e
SDLLLS. LLAloalCulUlls, AllC1CAll QUCLELY UL ULVLIL LIELIlEC b, VOL _L.L)
naner 2415 (1950Y. pp O72-087
paper 2415 (1950), pp 973-9C7.
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HYDRAULIC DESIGN CRITERTA

SHEETS 112-6 to 112-6/2

1. Bucket-type energy dissipators are used where excessive tailwater
depths prevent adequate energy dissipation by means of a hydraulic jump on
a horizontal stilling basin floor. HDC 112-6 and 112-6/1 can be used to
estimate probable roller and surge heights for preliminary design purposes.

2 Mha Aaadon piirveas chnum in +he rhavrta wvare develoned hy MaPherann
= L€ GeEb1gil CUIVES SUWIL 11l i€ Chal'uvs WeI'e GEeVELUPpEU Oy MCriiCi vUll
and Karrl from extensive laboratory tests wherein the discharge was dis-

tributed uniformly over the bucket. The test data have been omitted from
the charts in the interest of clarity. The data points shown are from
Waterways Experiment Station (WES) stu.dies2‘b and are in reasonably good
agreement with McPherson's and Karr's curves for q parameters < 26 x 1073.
The agreement is less satisfactory for higher q parameters. The charts
are therefore not considered appllcaole for q parameter values

NS 24 v 10- anAdA +ha final Aaadion Pon noa atvriratairmaa abhAa1rlA ha AatvralAanad
-~ 20 X 1V Y, afit Ta4€ I1hg.a Gesign I0r .arge struciures sadula o€ aevewlldped
by hvdraulic model studv

ST

3. The streambed was generally at the same elevation as the bucket
invert in the McPherson and Karr tests. In the WES tests, the streambed
elevation varied from bucket-lip elevation to below the bucket-invert ele-
vation. However, it is believed that the channel-bed elevation has neg-
ligibie effect on roller and surge heights.

o3

4, The discharge parameter of the design curves can be related to
the Froude number of the entering jet in the following manner:
q=Vd and V =F~Ngd
Then
I =" R3/2 1'/2
M
and
q _ F
1/2 2 2
g /2 3/ (h_/d)3/
1 1/
where F = Proude number of entering jet
q = discharge per ft of bucket width, cfs
110 L 4~ 190 K /o
Llc=0 LO .LLC'U/C
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h, = available energy head (pool to bucket invert), ft
L
d = depth of flow entering bucket, ft
V = velocity of flow entering bucket, fps
5. HDC 112-6/2 illustrates application of HDC 112-6 and 112-6/1 for
the preliminary design of bucket-type energy dissipators. The sample com-
putation is for a specific spillway discharge. The full range of spillwa

flows should be investigated.

6. The WES model data shown in HDC 112-6 indicate that good energy

jissipation is obtained when the bucket roliler depth by, is between 75 and
QN mAan A 4 AP +lha et Trradnar At 1~ ThAamr 4+t a AmrnrAId+SArm A crrmorAa
JuU pclrceliv Ul LIL Lalliwauvcel Ucpull 112 . LOL LILLS CUOILIULLLIO J., UU.C oUWl #5C
heigo 1ae 105 +o 120 mercen of the +ailwater denth
height is 105 to 130 percent of the tailwater depth.
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EN:
Discharge (q) per ft of k \
basin width = 450 cfs —*—/\\
|
|
H
|
|
\

Pool elevation = 765 ft

Tailwater elevation = 650 ft
Radius of bucket = 50 ft h
Slope of bucket lip = 45 deg

Spillway slope = 10:6.1

DRasia of U s L sN 78
V.ig

\/rﬁx\ﬁ"—
Rafiosor m o ny > 6.1 1
\ Q'/Thb 4 |hs h2
ASSUME: v \Qi/_I/J;,\“so +
Bucket invert elevation =550 ft )
COMPUTE:
1. hy = pool elevation - bucket invert elevation 6. h, =0.42xh;
= 765 — 550 = 215 ft =0.42 x215=90 #t
2. hj = tailwater elevation -~ bucket invert 7. From Chart 112-6/1 read h¢/hy = 0.52 for
elevation hp/hy = 0.42 and

= 650 ~ 550 = 100 f
— 9 _x10%3=25
5 = 0465 \/; h 3/2
1

w

8. h_=0.52xhy

9 gt A50x10° - 0.52x215= 112 f
Vgh 32 V322 (21532

9. Compute hy and hg for full range of
spillway flows.

450 x 103
~5.68 x 3153 10. Determine maximum elevation of bucket
roller and surge.
=25

5. From Chart 112-6 read hy/hy = 0.42
for ha/hy = 0.465 and

—3—x10%=125
Vg hy372

Note: Good energy dissipation is indicated if
the roller height (hb) is between 75 and

ON narcant of tha tailuatar danth (L)
7v percent orf ine Taniwarer T .

%

HiGH OVERFLOW DAMS
BUCKET-TYPE ENERGY DISSIPATOR
SAMPLE COMPUTATION
HYDRAULIC DESIGN CHART 12 -6/2
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HYDRAULIC DESIGN CRITERIA

SHEET 112-T7
HIGH OVERFLOW DAMS
ENERGY DISSIPATORS

FLIP BUCKET AND TOE CURVE PRESSURES

1. Hydraulic forces acting on high, overflow spillway flip buckets
and toe curves are of interest in the structural design of these devices.
Theoretical studies and model and prototype data indicate that the bottom
pressures change continuously throughout the curve and are influenced by
the curve radius, the total head, and the unit discharge. It has also
been shown that the pressures immediately upstream and, in the case of the
toe curye, downstream of the curve are influenced by the curvature.
Rouse\3) illustrates the application of the flow net solution to this
problem.

2. Flip Buckets. Approximate techniques, including use of the
centrifugal force equation(2) and a vortex analogy,(l:g) have been sug-
gested for computing the pressures on spillway flip buckets. A recent
WES study(7) using a theoretical approach similar to vortex analogy sug-
gested by Douma 2] indicated that, for relatively high dams, bucket pres-
sures could be expressed as:

,_db‘

= = f

9
fhy RW2g Hy  Op

where
h.p = pressure head against boundary, ft
Hy = total head (point to energy gradient), ft
q = unit discharge, cfs
R = radius of curve, ft

g = acceleration due to gravity, ft per sec per sec
o = angle of rotation from beginning of curve, degrees
aT = total deflection angle, degrees

The term Q/QT defines the relative position along the curve.

3. HDC 112- resents dimensignless flip bucket pressure curves
based on Pine Flat L and Hartwell(5 model spillway data analyzed in

112-7
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accordance with the preceding expression. Spillway energy losses were as-
sumed negligible in the analys1s. The plotted data for OJOT from 0.25

to 0.75 indicate that the pressure in the middle portion of the bucket is
nearly constant. Therefore, the pressure distribution through the bucket
can be adequately defined by the four curves shown in the chart. The curve

for «a/ap = 1.0 coincides with the axis of the chart ordinates since the
pressure on the lower nappe of the jet leaving the bucket is atmospheric.
The Pine Flat(é) prototype data plotted on the chart indicate satisfactory
correlation with the model data. Allowances were made for spillway energy
losses in computing the total head Hp for the prototype data.

-~
-

[o]
. Toe Curves. The available data'®’ from model tests conducted

under the Cafigfof Engineers Engineering Studies Item 801 which are plotted
in HDC 112-7 indicate that for a high dam the flip bucket pressure dis-
tribution curves generally apply to spillway toe curves. However, the data

L T T ~

show that the pressure at the end of the toe curve approximates that at the
beginning of the curve if the toe curve is not submerged.

5. HDC 112-T7 can be used to estimate the

ressure distribution on
spillway flip buckets or toe curves associated with high overflow dams.
However, for design purposes, allowance for spillway energy losses should
be included in the computations of Hp required for use of the chart.

The user is cautioned that the curves are not applicable to toe curves af-

fected by submergence.

~~
L
S—
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HYDRAULIC DESIGN CRITERIA

SHEET 112-8
HIGH OVERFLOW DAMS
ENERGY DISSIPATORS

FLIP BUCKET THROW DISTANCE

1. For economy, flip bucket or ski-jump energy dissipators are some-
times used when spray from the jet can be tolerated and erosion by the
plunging jet will not be a problem. Flip buckets have caused trouble in
climates where spray from the jet resulted in icing of nearby roadways or
electrical equipment. The major amount of energy dissipation occurs in
the region where the jet plunges into the tailwater; a minor amount occurs
as the Jjet frays after leaving the bucket.

2. TFactors affecting the horizontal throw distance from the bucket
lip to point of jet impact are the initial velocity of the jet, the bucket
1ip angle, and the difference in elevation between the lip and the
tailwater.

3. HDC 112-8 presents throw-distance curves for lip angles of O to
45 degrees. The horizontal throw distance X and the vertical drop from
the bucket lip to tailwater Y are expressed in terms of the jet velocity
head H, . The following expression based on the theoretical equations for
trajectories was used for developing the curves:

= ai )
X/Hv = sin 20 + 2 cos 6 sin® ¢ + Y/Hv

where
X = throw distance, ft
Y = vertical drop from 1lip to tailwater surface, ft
Hy & velocity head of jet at bucket lip, ft
6 = bucket 1lip angle, deg

. HDC 112-8 is a guide for judging the point of impact of the jet.
The throw distance may be substantially less than indicated, depending upon
spillway energy losses. Prototype measurements of spillway energy losses
are needed to permit a comparison of theoretical and actual throw distances.

112-8
Revised 1-64



10 / [/
/L LN
v 711/
e
/ /¥
// // // /
Y YA
06 va g g f
AR ea/
HLV ‘,/ . yé // //
: S/
04 ,// I/ g ,/ T/
/ /' V // /
) / / VAR
VT
A LA
D4 i
>~ LA
ol P pd /| /
EQUATION sy
H‘_"v.=.5|N 26+2C056\/51N2°+":—v

X = THROW DISTANCE, FT

© = BUCKET LIP ANGLE

Hy= VELOCITY HEAD AT BUCKET
LIP, FT

Y = VERTICAL DROP FROM LIP TO
TAILWATER SURFACE, FT

N\

~
| 7 - ~N
\‘\ \ < /\//—r— \\\\_
v N
I \
' 1 AW
t

T STATION,

HIGH OVERFLOW DAMS

ENERGY DISSIPATORS
FLIP BUCKET THROW DISTANCE

HYDRAULIC DESIGN CHART (12-8

WES 10-861




