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PREFACE

This technical release is the first of a series of technical releases
envisioned by the Design Branch. The series pertains to the propor-
tioning of earth dams. The main obJjective of this technical release
is to provide a simple procedure for the explicit determination of
\spillway width while satisfying stability and any capacity require-
ments.

This technical release is concerned with various aspects for the
dimensioning of broad-crested emergency spillways and provides tools

for these evaluations. Means are furnished for determining the magnitudes

of errors involved in using various approximate procedures and rela-
tions. The evaluation of the required emergency spillway capacity is
not considered herein.

A number of future technical releases will be concerned with the deter-
mination of

a. required spillway capacity,

b. optimum dam at a site, and

c. optimum configuration of structures in a watershed.
Values of parameters used in the preparation of the ES-drawings were
obtained by the use of a digital computer. The several programs re-
quired for this work were written in FORTRAN IV by the Design Unit.

The programs were compiled and executed on IBM 360 equipment by the
Washington Data Processing Center, Statistical Reporting Service, USDA.

This technical release was written by Mr. Paul D. Doubt, Head, Design
Unit, with the assistance of:

Edwin S. Alling Hun J. Goon

Stephen M. Boysen Joan F. Robison

John A. Brevard

Mr. Brevard contributed much to the layout and preparation of the

ES~-drawings. The technical release was typed by Mrs. Dorothy A. Stewart.
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NOMENCLATURE

cross-gectional area of spillway at critical depth, 2
bottom width of spillway, It

bottom width of spillway, ft (see ‘page 17)

bottom width of spillway, ft (see ES-173, sheet k&)
depth of flow, It

critical depth, ft

critical depth, ft (see page 17)

critical depth corresponding to a discharge, Q, ft
critical depth corresponding to a discharge, Q/h, ft
normal depth corresponding to a discharge, Q, ft
normal depth corresponding to a discherge, Q/4, It
depth of flow at section x, ft (see ES-158, sheet 9)
acceleration of gravity, ft/sec2

friction head loss, ft-1b/1b = ft

friction head loss, ft (see Table 3, page 9)

friction head loss in a spillway length, L, and bottom
width, b, ft

friction head loss in a spillway length, L, and Manning's
roughness coefficient, n, ft

friction head loss, It (see Table 3, page 9)

friction head loss in a spillway length, L, and side slope,
z, It

= friction head loss in a spillway length, L; bottom width,

i

b = 100 ft; side slope, z = 2; and Manning's roughness
coefficient, n = 0.04, ft

Mg p + Lhe pn + Ohe 5, Tt (see ES-179, Example 2)
= hf,b - hf,b:loo, Tt

=hpp — hf n-o.o04’ e

=hp,z ~ Bp gps It

specific energy head, ft

= specific energy head at section 2, Tt (see ES-158, Example 2)

critical specific energy head, ft

critical specific energy head, ft (see page 17)
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critical specific energy head for a spillway with side
slope, 2z, and bottom width, b, ft

energy head of the water in the reservoir above the spill-
way crest, ft

energy head of the water in the reservoir above the crest
of a spillway with a bottom width, b, ft

energy head of the water in the reservoir over the crest
of a spillway with a Manning's roughness coefficient,
n, ft

energy head of the water in the reservoir over the crest
of a spillway with side slope, z, ft

station at the control section (see ES-158, sheet 9)

station at fictitious control section (see ES-158,
Example 2)

station at section x (see ES-158, sheet 9)

length of the spillway upstream from the control section,
v

length of horizontal portiom of spillway, ft (See Table 3,
page 9)

variable integer exponent (see ES-173)

Manning's roughness coefficient

discharge per foot of spillway bottom width, cfs/ft
discharge, cfs

critical discharge, cfs

critical discharge, cfs (see page 17)

critical discharge, cfs (see ES-173, sheet L)

critical discharge corresponding to a depth, d, cfs
critical slope, ft/ft

critical slope corresponding to a discharge, Q, ft/ft
eritical slope corresponding to a discharge, Q/M, ft/ft

critical slope corresponding to a discharge, Q/u, for a
spillway with side slope, 2z, and bottom width, b, ft/ft

slope of spillway bottom, ft/ft
top width of &, Tt

mean velocity of flow, ft/sec
critical velocity, ft/sec
permissible velocity, ft/sec

side slope of the spillway expressed as horizontal dis-
tance divided by vertical distance, Tt/ft

side slope of the spillway, ft/ft (see page 17)




TECHNICAL RELEASE
NUMBER 39
HYDRAULICS OF BROAD-CRESTED SPILIWAYS

Introduction

This technical release pertains to the hydraulics of broad-crested spill-
ways, both trapezoidal and rectangular. Such spillways usually function
as emergency spillways and may be earth, vegetated, rock, or structural.

Broad-crested spillways may or may not have a control section. Although
this technical release is primarily directed toward the evaluation of
certain parameters for a spillway having a control section, it contains
information concerning the hydraulics of a spillway without a control
section.

In this discussion, the inlet channel of a spillway having a control sec-
tion is considered to have a bottom profile composed of a horizontal slope
extending from the control section to the reservoir or of a horizontal
slope immediately upstream from the control section and a negative slope
(or slopes) extending from the horizontal section to the reservoir.
Moreover, only spillways of the same bottom width and side slopes through-
out their lengths are considered.

The symbol sy will be used to designate the various bottom slopes of
either the inlet or the exit channel of the spillway. Wherever so is
used, the text or drawing indicates the particular slope under considera-
tion.

This technical release considers spillways having a wide range of values
of:

. spillway bottom widths, b, (25 ft = b = LOO ft);

. side slopes, z, (0 5 z s 4);

. Manning's roughness coefficient, n, (0.02 = n s 0.08); and

4., inlet channel lengths, L.

W

Procedures are presented for:

l. the evaluation of the permissible critical specific
energy head, Heec, corresponding to a permissible
velocity, vp, and exit channel bottom slope, sg;

2. the evaluation of the head, Hp, in the reservoir over
the crest of the spillway corresponding to the critical
specific energy head, Hgcj;

%+ the evaluation of the required spillway bottom width, b,
corresponding to the critical specific energy head, Hgg,
and the required discharge, Q; and

L. the evaluation of the critical slope, 8 s Corresponding

to the discharge Q/h where Q is the diséharge corresponding

to Heo o



The procedures yield answers quickly and with sufficient accuracy for
final design. Since results can be obtained quickly, the procedures
can be used equally advantageously for planning.

Although numerous ES-drawings are presented in this technical release,
the usual spiliway design redquires the use of only one sheet from each
of the ES-drawings 170, 171, and 1T4. Other graphs and ES-drawings
have been included for two reasons;

1. to aid in the evaluation of design parameters for spillways
of unusual dimensions, and

2. to provide a method of esfablishing the magnitude of error
incurred by the various approximations employed.

A subsequent technical release will give procedures for evaluating,
prior to the determination of the spillway width, b, the required
capacity, Q, corresponding to a head, H@, over the crest. This evalu-

ation involves reservoir routing.

Relation of H? vs Hge 1s nearly independent of Q and b

Usually, a spillway has a control section. When a spillway has a control
section, the depth of flow and the specific energy head at the control
section for a discharge, Q, are equal to the critical depth and the criti-
cal specific energy head corresponding to Q, respectively. The critical
specific energy head, Ho., 1s the minimum specific energy head for the dis-

charge, Q. Thus, for the discharge, Q, the specific energy head, He, at any

section upstream (or downstream) from the control section is greater
than H.,. Moreover, it can be shown that the friction head loss, hf, in.

conveying the discharge, Q, from the reservoir to the control section is
the difference in the head, Hp, over the crest and the critical specific

energy head, Hep, i.e.
hy = Hy - Hee (1)

Writers discussing the hydraulics of spillways have often related H@ to
Q

either the parameter q = 3 OF the parameter dc,Q . Since the relation

of Hee vs Hp is more nearly independent of the values of Q and b than
the relation of q vs Hy or dgq vs H@, this technical release uses H,
as the fundamental parameter instead of g or dggq - Insight into the
reason for the near independence of the relation of Hee vs Hy with re-
spect to Q and b, as compared to the relation of either q vs H@ or

dg,q Vs Hp, can be obtailned by observing

\2
H@ = qu +

+ he = H + h 2
2g ag T eC i ( )



From Eq. (2) it is evident that for a given Hg,, the value of Hp
is affected by the parameters which affect hp; for a given dgq , the
value of H@ is affected by the parameters which affect the critical

2
velocity head,-—lgjg » and hf; and for a given g, the value of Hj is
¢ 2
affected by the parameters which affect d;q , 5—2—5, and he.
g ac

The near independence of the relation of He, vs Hp from Q and b is

desirable since either Q, b, or both are often unknown prior to a
reservoir routing. Although the relation of Hg. vs H@ is nearly in-

dependent of Q and b, one should observe there is a definite relation
of Heey, Q, and b.

Reference Section (b = 100 ft, z = 2, n = 0.04)

Many of the parameters needed in spillway design can be readily evalua-
ted for a preselected cross section. Writers have often evaluated para-
meters for spillways on the basis of a preselected cross section of in-
finite width. In this technical release a preselected spillway cross
section of b = 100 ft and z = 2 with n = 0.04 was chosen as more nearly
representative of actual spillways. This preselected cross section is
called the Reference Section.

Using the Reference Section it 1s possible to obtain values of certain
parameters which are approximately correct for the actual cross section.
The values of these parameters can be easily refined if thought desir-
able.

Principal Graphs

Some parameters for the Reference Section can be evaluated by the four
principal drawings described below.

1. Permissible Hy. vs exit channel bottom slope, s,, with
a family of permissible velocity, vp-curves. (ES-170)

2. H? vs Hge With a family of spillway length, L-curves, for
selected bottom profiles. (ES-171)

3. Critical slope, sg .y VS Heg. (ES-172)

L, Q vs Hoe with families of spillway bottom widths, b,
and critical depths, d¢q . (ES-17L4)

Additional graphs are included to show the effects on these parameters
when b, z, or n differs from that of the Reference Section.



Permissible H,, for Various s, and vp (ES-170) ‘

Velocities in structural spillways and spillways constructed in com-
petent rock often are not of magnitudes which require attention. An
earth or a vegetated spillway can have velocities in its exit channel
of magnitudes which cause instability and require some forethought dur-
ing design. The graphs of ES-170 pertain to this aspect of spillway
design. ‘

The values given by ES-170 are the result of determining the critical
specific energy head, H,,, corresponding to a discharge, Q, which is
equal to the normal discharge having a velocity of vy in an exit channel
defined by the parameters sy, n, z, and b. This H,, is the permissible
Hoc or the permissible critical specific energy head corresponding

to the permissible velocity, vp, and exit channel bottom slope, sge.

The value of the permissible H,, is increased by any one or any com-
bination of the following changes in parameters:

1. decreasing s,

2. increasing vy, and

3. 1increasing n.

The stage-discharge relation of a spillway is required in problems of
reservoir routings. This relation is readily obtained through the
range of discharges for which the spillway has a control section. In
this technical release, when a spillway has a control section this
range is frequently taken as Q/4 to Q.

To ensure that a spillway, with z Z 1, has a control section over the
range of discharges from Q/4 to Q (see Hy, Vs Sc,qu - ES-172), the

slope, Sq, immediately downstream from the control section must be
equal to or greater than smqﬂ‘and be of sufficient length to pre-

vent tailwater effects at the control section. The maximum values of
Vp and n are established by the spillway site. Thus, given Vp and n,

a spillway with a control section for the range of discharges being
considered has a maximum value of permissible Heo when sq = 8¢

Frequently the value of sy is not required to be greater than 0.04.
Thus, if sgq > 0.0k and sy is taken as 0.04, the break in grade is
not a control section for all discharges in the interval Q/h to Q.
Table 1 shows, for a spillway having a control section for a range of
discharges and for n = 0.0k, the minimum values of s, and the maxi-

mum values of permissible Hy, corresponding to various values of Vp e ‘



Values of the exit channel bottom slope, sy, were taken as s g
- except when S ¢,q/h > 0.04 in which case 8o was taken as 0.0k. The
values of the permissible H,, and minimum s, for the Reference Sec-

tion are shown in the shaded blocks.

Table 2 shows, for a spillway having a control section for the range of
discharges and for n = 0.0k, the value of permissible H,, obtained by

using sy = stVhof the Reference Section in place of Sc;JhOf a

non-Reference Section.

Reference Section
For the Reference Section, the relation of permissible Heoy Vp, and

Sq 1s given by ES-1T70, sheet 1. The drawing contains a curve which
gives the relation of the critical specific energy head, H.., and
the critical slope, Be,o/4? where Q is the discharge corresponding
to Hoe+ This curve was obtained by equating the normal depth of flow,

dn,qus to the critical depth, d ., to establish the value of

SC,Q/IJ».

Non-Reference Section
n =0.02. - When n = 0.02, the relation of permissible Hec, Vp, and sg

is given by ES-170, sheet 2. The graph permits the evaluation of the
permissible H,, for spillways with n = 0.02 in the exit channel. The

three curves labeled sg . for n = 0.02, n = 0,03, and n = 0.0k are
superimposed on this graph. The values of n = 0.02, n = 0.03, and

n = 0.04 were used in determining the normal depth of flow, dn, q/4
which was equated to the critical depth, dCﬁVhto establish the value
of S¢,q/n where Q@ is in correspondence with the critical specific
energy head, Hgc.

n # 0.04 or 0.02. - When the value of n is neither 0.04 nor 0.02, the
relation of the permissible Hec, Vp, and sy is given by ES-170, sheet 1

by redesignating the abscissa as E)

2
the abscissa as [?'0%] Sg.
n

2
;P%] Sy or sheet 2 by redesignating

z #2, b #100 ft. - The permissible Hg. values for intervals of

25 b= k00, 0=z=kh, 25 v, <15, and wide ranges of s, and n can

be evaluated by use of the information given in ES-177.



Table 1. Meximum values of permissible Hg, where n = 0.0k and ‘
So = S¢,g4 but not > 0.0k,

vp = ft/sec, b = ft, z = ft/ft, Hee = £, 8o = TH/ft

Vp 2 3 ‘- L

b 25 100 400 25 100 400 25 100 400
Hee |0.203 [0.202 |0.202 [0.402 0.398 [0.396 [0.652 |0.643 |0.641
s, 0.0k [o.ok [o.Ok [o.Ook [O.Oh [O.Ok jO.Oh [O.O4 JO.Ok
Hee [0.203 }0.202 [0.202 {0.4k02 [0.397 |0.396 [0.652 [0.643 [0.641
so |0.0% Jo.ok [0.04 jO.Oh JO.Oh |O.Ok |O.Ok |O.Ok [O.Ok
Ho |0.203 [Ei202:70.202 [0.403 16398 0.656 |06k 0,641
so ]0.0L 0.04 [0.0k 0.0k z .0k
Hee |0.204 [0.202 [0.202 [0.405 [0.398 [0.397 [0.661 [0.645 10.651
s, |O0.Ok 0.0k jo.0h [O0.Ok lO.O4 [O.Ok [O.Oh |O.Ok |O.Ok
Hee |0.205 [0.202 [0.202 [0.407 [0.399 [0.397 |0.666 [0.647 [0.642
s, |0.0k 0.0 0.0k [O.O4 0.0k 0.0k [O.O4 |O.O4 |O.Ok
Vp 5 6 7

b 25 100 400 25 100 400 25 100 400
Hec {0.983 [0.970 [0.961 |1.43 |1.41 |1.39 |[1.98 [1.92 |1.89
so |0.0375]0.0570[0.0369]0.0337]0.0327[0.0326]0.0306|0.02970.0295
Hee [1.00 [0.970 |0.970 [1.46 |L.k2 |1.39 [2.01 |1.92 |1.90
S ]0.036610.0370]0.0367]0.03240.0325[0.0325]0.0295]0.029410.0293
Hee [1.01 0.975 |1.48 | 2.05 ] 51.90

o |0.036k 0.0367(0.0321 | o.0288‘_ 10.0295
Hee [1.03 . 0.970 |1.52 . . 2.12 |1l. 1.92

o |0.0360]0.0367[0.0367/0.0316(0.0323[0.0324|0.028L}0.0291(0.0292
Hee [1.05 [0.989 [0.977 {1.55 [1.43 [1.41 |2.19 {1.98 |[1.92
so |0.0358[0.0366(0.0366}0.0313(0.0322(0.0322}0.0280}0.0290{0.0291
5 8 9 10

b o5 | 100 | koo o5 | 100 - | koo o5 | 100 | koo
He. [2.62 |2.50 2.8 |[3.36 (3.19 |[3.15 |k.23 |3.9% [5.89
s |0.0283]0.0272]0.0270|0.0267{0.0252[0.0249(0.0252|0.02560.0233
ce |2.65 [2.52 [2.48 [3.h2 ]3.20 [3.15 [k.31 13.99 3.89
5o |0.0269{0.02680.026810.0249]0.0248 [0.0248]0.0235]0.0231(0.0231
ce 1275 2.48 13.57 | 3. 4,51 .91
so | 0.0263 0.0268]0.0242 0. 0.0225 .0230.
Heo [2.86 2. o.h9 [3.7% [3.29 [3.19 |4.71 (k.07 |3.93

o |0.0257]0.0265(0.0267[0.0237]0.0245 0.0247/0.0219[0.0228]0.0230
Heo 12.95 [2.60 [2.50 [3.8% [3.32 |3.19 [4.95 [%.18 [3.95
so |0.0254(0.0264]0.0267 [0.0232]0.0242]0.0247]0.02140.02250.0230




Table 2. Maximum values of permissible Hg, where n = 0.0k and

=8 but not > 0.04.
So G/% |yn p=10o oC B
vp = ft/sec, b = ft, z = ft/ft, Hoe = ft, s, = £t/ft
s 2 3 L
b 25 100 400 25 100 400 25 100 400

Hee [0.203 |0.202 |0.202 [0.402 |0.398 [0.396 |0.652 |0.643 |0.641

Hee |0.203 [0.202 [0.202 [0.402 [0.397 |0.396 |0.652 [0.643 |0.641

Hee 10.203 0.202 |0.403 | 0.656 0.641

Haq |0.20k ]0.202 [0.202 [0.505 | 0.661 [0.645 |0.6h1

Heo 10.205 10.202 [0.202 [0.40O7 ]0.399 ]0.397 [0.666 [0.647 [0.642

b 25 100 400 25 100 400 25 100 400

Hee [0.990 |0.970 [0.962 |1.46 ([1.k2 [1.k0 [2.02 [1.95 [1.90

Hee |0.995 [0.972 [0.970 |1.k5 [1.k2 [1.39 [2.00 [1.92 [1.90

Hee |1.01 0.975 [1.47 2.0k 1.90
So . :

Hep [L1.02 .979 |0.970 [1.49 1.0 [2.08 [1.93 |[1.91
S0

Hoo |1.03 [0.982 [0.972 [1.52 |1.k3 |1.k0 [2.12 ]1.97 |1.92

b 25 | 100 400 25 | 100 | k0o 25 | 100 | koo

Hee | 2.71 [2.52 |2.49 |3.50 [3.22 |3.17 |[4.49 |4.00 }3.92

Hoo |2.67 [2.52 [2.48 |3.45 [3.21 [3.16 [k.36 [4.00 [3.91

Hee |2.72 2.48 [3.55 L. L7 3.92
So : :

Hoo |2.78 2.50 [3.65 ]3.27 |5.19 |k.58 |4.06 |3.9%
50

Hee [2.86 [2.58 |2.50 [3.75 [3.32 [3.20 [L.75 [4.15 [3.95




Approximate values of permissible Hgn, when 25 < b = 400 and 0 £ z = L,

may be obtained from ES-170, sheet 1. When they are so obtained, the
maximum error can be ascertained from Table 1 for 2 = Vp = 10, TFor ex-

ample; if b = 30, z = 3 and vy = 6.0, ES-170 gives maximum permissible
Hee = 1.k2 ft. Table 1 shows that maximum permissible Ho, is less than

1.52 ft since 25 < (b = 30) < 100. The error in the maximum permissible
Hoe is less than 0.1 ft. The error in obtaining the maximum permissible
Hoo from ES-170, sheet 1 'is the greatest for the higher values of Vp and

lower values of b.

Hee Vs Hy for Various Lengths, L (ES-171)

Except for the higher values of Vp and the lower values of sg, the rela-
tion of the permissible Hy, and the corresponding nexus of parameters
(vp, 8os» Dy Z, n) used in design of an earth or a vegetated spillway is
nearly independent of Q and b. The relation of Hg. and H, is also nearly
independent of Q and b. '

Reference Section
For a.n'H'ec and a length of spillway upstream from the control section,

the corresponding value of Hb is obtained from ES-17l. The drawing con-

siders only spillways having the Reference Section. Each sheet is for
a bottom profile as specified by the case number.

Effect of bottom profiles. - For a spillway with the Reference Section
and of length, L, the effect of varying the bottom profile on the
value of Hb corresponding to a particular value of H,, can be ascer-

tained from the various sheets of ES-1T71l. Table 3 gives the values of
friction head loss, he, for spillways of various bottom profiles when

the spillway length is 400 ft and H, = 4 £,




Table 3. Values and the distribution of friction head
loss, hy, for spillways of various bottom profiles

Hoo = 4,0 £t L = 400 ft n = 0.0k z =2 b =100 ft

Case Hb, T he, £t Lo, Tt hfo’ iV hfl, 't

2 4. 62 0.62 30 0.28 0.34
3 4. 47 0.47 30 0.28 0.19
L ral 0.71 50 0.40 0.31
5 4.58 0.58 50 0.40 0.18
6 L.91 0.91 100 0.65 0.26
T L.79 0.79 100 0.65 0.14
8 L.61 0.61 50 0.%0 0.21
9 k.53 0.53 50 0.40 0.13
Ly = length of horizontal portion of spillway - ft
he = total friction head loss in L, he = hfo + hfl - ft
hfo 8 friction head loss in Ly - ft

' hfl = friction head loss in L -~ L, - ft

The value of H? varies between the extreme values of L4.47 ft (Case 3)
and 4.91 ft (Case 6).

The friction head loss, hp, varies between 0.47 ft and 0.91 ft. The

major portion of the friction head loss, as is often true, occurs in
conveying the discharge through the horizontal part of the spillway.
For Case 3 and Case 6, the head loss, hfo’ required to convey the dis-

charge through the horizontal portion of the spillway is hfo = 0.28 ft
and hfo = 0.65 ft, respectively. For Cases 3 and 6, hfo is over

50 percent of the total head loss in the 400 ft long spillway. In
Case 3 the head loss upstream of the horizontal part of the spillway
is hp = 0.19 ft while in Case 6 this head loss is hy = 0.26 ft.

1 1

The left-most curve of ES-171 labeled either L = 30, 50, or 100 is
related to the upstream section of the horizontal part of the spillway.
At any particular Hee» the ratio of the distance from the left-most

curve to the line for L = O to the distance from the curve for the
he

spillway length, L, to the line for L = O is the ratio EJQ. For
"II’ £
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example, using Case 6 and Hy, = 4.0 ft, the values of H, at L = 100 ft

hfo 0 6?
and I = 400 ft are 4.65 ft and 4.91 ft. Thus E;' = 6;§I = T1 percent.

The ratio of the distance from the curves for I = 100 £t and I = 400 ft
to the line for L = 0 is also Tl percent at Hy, = 4.0. These graphs
| he
give visually the proportion E_g'
f

From Table 3 one can observe that the variation in the depth of the
forebay upstream from the horizontal portion of the spillway often has
a negligible influence on the H, value. For example, when L = 400 £t

and Hy, = 4,0 ft, the H? value for Case 8 is 0.10 ft smaller than the
Hy value for Case k4.

Hee vs H@ for bottom profiles differing from those in ES-171. - The re-
lation of Hg. Vs Hb for spillways with bottom profiles differing from

those given by ES-171 may be approximated by the use of ES-171l; however,
if a closer evaluation is degired, the relation may be obtained from
the basic informastion given in ES-158 and ES-159.

ES-158 and ES-159 are for spillways with the Reference Section. The
drawings, ES-158 and ES-159, can be used in determining the relation
of Hge Vs H? for spillways not having a control section.

Non-Reference Section
The friction head loss, hg, occurring in a spillway having a non-Reference

Section and a bottom profile of either Case 1 or Case 2, as defined by
ES-171, may be obtained from ES-176. In ES-176, the effect on the friction
head loss is considered when the parameters n, b, and z are varied in the
following ranges:

1. 0.02 =n = 0.08,
2. 25 = b = 400, and
3, 1=z sk,

Observe that for some curves in ES-176 the maximum hf exists at values
of Hyo <15 ft. For example, see ES-176, sheet 2, the curve labeled
n = 0.0k, L =30 £t shows a maximum for hy at H, <15 ft. The first

reaction by some is that this curve might be in error, since erroneously,
"More water can be conveyed at less friction loss for H,, = 10 ft than
for Ho, = 5 ft." One should recall that although the units of hp are

generally given and viewed as feet, hf is actually a rate of energy
loss per pound of water being conveyed, i.e. ft-1b/1b. Normally,
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hydraulic computations involving energy relations are made on the basis
of per pound of water and the term total energy loss usually refers to
the total energy loss for each pound of water. The total energy loss
through the spiliway in one second of time for all the pounds of water
being conveyed is actually 62.4 Q he.

Effect of Manning's n. - From ES-176, sheets 1-3, one can observe that
the value of Manning's roughness coefficient, n, has considerable effect
on the value of he and hence H@. Sheets 1, 2, and 3 of ES-176 can be

used for the evaluation of the friction head loss, hy, when n # 0.0k,

When n # 0.0k and s = 0, the abscissa, (£, - I4), of ES-158, sheet 1
may be redesignated
nZ(L, - )
0.0016 (3)
to evaluate the depth of flow at a section a distance, (Z, —EX), up-

stream from a control section. A similar redesignation of the gbscissas
of the sheets 2-8 of ES-158 would be incorrect.

Effect of bottom width, b. - As previously mentioned, for a particular

value of H,,, the value of b within the interval of 25 = b = 400 has

minor effect on the value of Hp. For Cases 1 and 2, the value of hp

can be ascertained from ES-176, sheets 4 and 5 for any b within the
interval 25 £ b = 400,

Figure 1 shows, for z =2 and Case 1, the maximum values of
- f b = Oo . t
(I&ﬂb Hé]b:loo) or 25 ft and 400 ft, for the interval

0.45 = Hoe = 15 and for various spillway lengths, L. For Case 1, the

maximum error in taking HEJ = Hﬁ] is less than 0.10 ft within the
b 100

region 25 = b = 400, 30 = L = 1000, and 0.45 s H_, s 15.

Figure 2 shows, for z = 2 and Case 2, the maximum error in taking
I&ab ::IEaloo is less than 0.0k ft within the region 25 = b = 400,

30 £ L £ 750, and 0.45 = H_, = 15.
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Effect of side slope, z. - For a particular value of Hee, the value of .
z, within the interval 1 £ z £ 4, has a minor effect on the value of Hy.

For Cases 1 and 2, the value of he can be ascertained for any z, within

the interval 1 < z = 4, from ES-176, sheets 6 and 7. Figure 3 shows,
for b =100 and Case 1, the maximm values of (HJ) - Hﬂz_‘z) for z =1

and I for the intervals 0.45 = Hgo = 4.0 and 0.45 £ Hge = 15 and for

various spillway lengths, L. Figure 4 shows, for b = 100 and Case 2, the
maximum error in taking %z = I-Ip]2 is less than 0.09 ft within the

region 1 s z s 4, 30 = L £ 750, and 0.45 = H,, s 15.

+0.05

0.00

~~~~

(HE’]b B I%]b=1oo)’ fe

-005

300 400 500 600

—01045 0 50

Spillwey ILength, L, ft

Figure 1. Maximum values of (HP]b - HP]b_mo) for z = 2 and Case 1

spillways of various lengths and in the interval
0.45 = H,, £ 15.0




13

(HP]b - HP]‘b:lOO ), £t

50 60 70 80 90 100

Spillway ILength, L, ft

Figure 2. Maximum values of (HP]b - HP]b—loo) for z = 2 and Case 2

. +015 sy

+0.10

spillways of various lengths and in the interval

0.45 = Hee = 15.0

o b4

4005 Sobrrrt : e R 15\3 e

s . 224045 She 540 ‘

(%]z - HP]z

I o[ K e S N A

ol

1

_0'103‘0 40 50 60 7 8 9% %0 200 300 400 500 600 700 800 900 1000

Spillway Length, L, ft

Case 1 spillways of various lengths and in the

‘ Figure 3. Maximum values of (Hp], - Hp],_,) for b = 100 ft and
indicated intervals of Hge
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Figure 4. Maximum values of (H - H ) for b = 100 ft and
Z RYz=2

Case 2 spillways of various lengths and in the
indicated intervals

Critical Slope Corresponding to Q/4 (ES-172)

A control section exists at a break in grade if;

1. the slope upstream from the break in grade is less than
critical slope and is sufficiently long, and

2. the slope downstream from the break in grade is greater
than or equal to the critical slope, and is sufficiently
long to prevent tallwater effects at the control section.

Critical slope corresponding to the discharge, Q, is defined as that
slope which causes the discharge, Q, to be conveyed as uniform flow at
a depth equal to critical depth (i.e. dp o = dc,q)-

The critical slope is associated with a discharge, Q, and when the dis-
charge is changed, the critical slope is changed. Further, the depth of
flow at the control section is the critical depth corresponding to the
discharge, Q.

For the range of b's, z's and depths of flow being considered in this
technical release the critical slope usually decreases as the discharge
is increased. When this is true, a control section is ensured for a
range of discharges from Q/h to Q if the slope immediately downstream
from the control section is greater than or equal to the critical slope
corresponding to Q/h. Symbolically the critical slope corresponding to
Q/4 is written Sg,qy and is in correspondence with Hge. where Hee is in

correspondence with Q.
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Reference Section
For an Hge the corresponding value of sq o/, is obtained from ES-172.

Non-Reference Section
A control section is ensured for the range of discharges of Q/h to Q
in the regions

(1) 1szsk 255 b= 400, and 0.45 < Hy, S 15;
(2) =z =0, 40 £ b £ 400, and 0.45 < H,, £ 15; and the region
(3) z=0,255Dbs L400, and 0.45 < Hy, = 9.8

by taking the exit channel bottom slope s, 2 8 g/ ¢

When z = 0, b < 40, and 9.8 = He. = 15, taking so = s¢ o, does not

ensure a control section for the range of discharges from Q/h to Q.

The relation of Hg, Vs Bc, /W for the lower values of Hg, but greater

than O.MS, is nearly independent of Q and b for the range of values
25 < b s 400 and 0 = z = kL,

Effect of n. - When the value of n # 0.0k, z = 2, and b = 100, the
critical slope, S corresponding to an Hg, can be obtained by

2
redesignating the abscissa of ES-172, sheet 1 as E?;Q%] S,/

When the value of n # 0.0k, z = 0, and 25 = b £ 40O, the critical slope,
S,/ ? corresponding to an Hg. can be obtained by redesignating the

bsci f ES-178, sheet 1 0.0k}
abscissa o -170, shee & o J Seus™

The value of S ¢, ok ]z b for any n can be obtained from ES-178, sheet 2,
’ 2
within the region 1 < z = 4, 25 = b = 400, and 0.45 £ He. s 15.

Effect of b and z. - The value of s; ./, as obtained from ES-172, is

in error by less than 0.001 within the region 25 < b £ 400, 2 = z = L,
and 0.45 s H,, = 15.0.

The value of s, ., for z = 0 and within the region 25 £ b = 40O and
0.45 £ H,, £ 15 is given by sheet 1, ES-178.
The value of s o, for any n and within the region 25 £ b = 400,

1szsbh, and 0.45 = Hee S 15 is shown by sheet 2 of ES-178.
Values of sg o), » along with s; ¢, for the extremes of the region

25 < b s 400, 0=z =L, and 0.45 = Hee = 15 are given in Table L.
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Table 4. Corresponding values of Hec, Sg g, and sg o

n = 0,04

Heey Tt b, ft z Sc,q/u Tt/ So,q0 TL/TE
o.hs 25 0 0.04797 0.03593
0.45 400 0 0.047h41 0.03488
0.45 25 L 0.04735 0.03529
0.45 400 L 0.04737 0.0348Y4

15 25 0 0.02126 | 0.02368
15 400 0 0.01511 0.01154
15 25 L 0.01523 0.01259
15 400 Iy 0.01k71 0.01111

Hee Vs Qo,q for various bottom widths, b

(ES-173, 174, and 175)

The critical discharge, Qc,d: corresponding to the critical specific .

energy head, H,., and bottom width, b, is shown by ES-1T73, 174, and
175 when the side slopes are z = 0, 2, and 3, respectively. The corres-
ponding critical depth, dc’Q, is also given. Thus, for a broad-crested

spillway containing a control section, the discharge, Q, is equal to the
critical discharge, Qc,d: corresponding to Hg.. When the spillway width,

b, and the correspondence of H@ and Hge (as given by ES-l7l) are known
for a particular spillway, the correspondence of Hb and Q (i.e. spillway

rating) is readily obtained.

The fundamental relations involving Hge, Qp,qs b, and z are

(Qe,a)? ) a.> ) er + zde,q) dc,Q]B (L)
g T, (b + 2z d; o)
VC2 )
Hec = 'dc,q,\ + -E_g— (5)
(3b + 52 de,q)de,q
Hee = ~ 557 Iz de, q (6)

For z = 0 the last relation reduces to

Hee = % de,q (when z = 0) (7)
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Further,

]

2/3
Hee = 0.4717 [%gi] (when z = 0) (8)

8c,d _ 3.087 B3/? (when z

= 0) (9)

When z # 0, 2, or 3
The parameters, z and b, can have considerable effect on the value of
Qc,d corresponding to a particular critical specific energy head, Hg..

When the critical discharge corresponding to a given Hee, b, and z is

to be determined, a direct solution may be made by solving Eq. (6) for
d; o and then solving Eq. (4) for Q. q. The solution for He, corres-

ponding to Qc,4, 2z, and b is implicit. Both of these solutions can be

simplified by an approximation. The approximation is; if two trape-
zoidal sections have equal critical specific energy heads, then the
ratio of their corresponding critical discharges is approximately
equal to the ratio of their average width at critical depth.l When
the side slopes of the trapezoidal section are equal, this approxima-
tion becomes,

Q‘C b+ch

& s T (when Hee = H..) (10)
When the approximation is based on a rectangular section (z' = 0) of
width b' = 100', obtain from Eq. (7)
2 2

a4 = 5 Hy = § Heo
and substituting into Eg. (lO) in which the approximastion d, = dé is
used, obtain >

Q o+ Z(g Hec) 1.5b + z H,

i 100 = 150 (21)

When the approximation is based on a rectanguiar section of width
b’ = 100 ft, the error in the critical discharge, Q,, is readily ob-
tained from ES-173, sheet L4, Figure 1.

Examples

Examples are usually given with each ES-drawing in this technical
relegse illustrating the use of the drawing. Two examples are given
in ES-179 illustrating the interrelation of the ES-drawings.

1This approximation, in another form, was proposed by Mr. M. M. Culp,
Chief, Design Branch, Engineering Division, SCS:. See Tentative
Technical Release No. 2.
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SPILLWAYS: Subcritical Water Surface Profiles

NOMENCLATURE

[
]
I

= depth of flow at section x

= station at the control section

~
e}
I

Iy = station at section x

EXAMPLE 1

Given:
Emergency spiliway bottom profile as shown in figure
Q = 3500 cfs
b = 100 £t
z
n

nononoi

2
0.0k
Determine:
The depth of flow, dy, at section x.

——Control Section

M sy
[}

e
He]a

(2) 1 4
Determine:
I. The depth of flow, d,, and
IT. The specific energy head, He] , &b section 2.
2

Solution:

I. Determine 4,

A. Considering the 50 ft reach of s, = 0.00 immediately upstream from
the control section, use ES-158, sheet 1. TFor (lc—ll) = 50 ft

: Q 000
Control Section and q = 3= % = 50 cfs/ft, read 4, = 5.40 ft.
B. Considering the 150 ft reach of s, = -0.0k, use ES-158, sheet 5.
ax 1. For 4, = 5.40 ft and q = 50 cfs/ft, read (Ié-ll) =9 ft.
Water Surface
Control Section
(1o - 1) = 300 4
(x)
Solution:

Use ES-158, sheet 1.
For (fo-Ly) = 300 7t and q = & = 2290 = 35 cre/ft, read dy = 5.67 £t '

e~fx/ = 1= %~ 7100 s/, read dy = O. : (2) o8]

2. For (#1-2,) =150 +9 = 159 £t and g = 50 cfs/ft,
read 4, = 12. ft.
EXAMPLE 2 2 21
II. Determine F) R
. 2 v
Given: . To obtain the velocity head, —g-, use ES-159, sheet 1.
Emergency spillway bottom profile as shown in figure 2g +2
qQ = 5000 cfs For q = 50 cfs/ft and d. = 12.57 Tt Z-0
T = 700 Tt q = 5 / 2 > .57 ft, vread %6 16 ft.
z =2 2
“Then = + === 12, 0.16 = 12. .
i e He]2 G * 5o = 12.57 + 0.16 = 12.75 £t
REFERENCE

STANDARD DWG, NO.

ES- 158

SHEET _9 of 10

U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE
ENGINEERING DIVISION - DESIGN UNIT
~ DATE 4-67




SPIL‘LWAYS: Subcritical Water Surface Profiles

EXAMPLE 3

Given:
Emergency spillway bottom profile as shown in figure
b = 100 £t
z 2
n = 0.04

Determine:
The rating curve (HP vs Q relation) for the given emergency spillway.

Reservoir
Water Surface

nonon

/—Control Section

de

&

Solution:

I. Determine the depth of flow, d,

A. Considering the 50 ft reach of s, = 0.00 immediately upstream from
the control section, use ES-158, sheet 1. TFor (zc-zl) = 50 £t and
for various q values, read d; velues.

B. Considering the 150 ft reach of sg = -0.03, use ES-158, sheet L.
1. TFor the values of 4, and the corresponding q, read values of

f_
(28-2,).
/—Ua.tex- Surface
e S Control Section
==
=
|
G

- -0.03
Bo =

(23 - #2) = 150"

(1o - 1) = (20 - 1)) + (2 - 1)

@ )

2. Then (£4-1,) = 150 + (£2-1,). For the
corresponding q, read d, values.

II.

Determine the energy head of the water in the reservolr above the

spillvay crest, Hp.

A.

2
v
To obtain values of velocity head, -2—2‘, use ES-159.
2

v
For the values of d; and corresponding q, read =£ values.

2g
"g 2 vi
Then Hy = d, + % " lsol{2,-2,) = a, + % " 0.03(150) = d, + 3" 4,50
1} 1] vé
q Q=qb d, Li-2y -t d, g %
cfs/ft cfs ft £t | It £t £t
1 100 0.70 7 157 5.26 - 0.76
2 200 0.97 8 158 5.58 - 1.08
5 500 1.55 9 159 6.27 0.01 1.78
10 1,000 2.25 10 160 7.13 0.02 2.65
20 2,000 3.26 10 160 8.37 0.06 3.93
50 5,000 5.4%0 1 161 11.05 0.21 6.76
100 10,000 7.98 11 161 14,18 O.h7 10.15
200 20,000 11.78 10 160 18.68 0.9% 15.12
Knowing Hp and Q, plot the rating curve.
15—,
N IOA‘> -

Roling Curve

o

Discharge, Q, cfsx 102

REFERENCE

U. 5. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE
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sHEET 10 ofF 10
DATE 4-67




SPILLWAYS: Velocity Head Chart
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SPILLWAYS: Velocity Head Chart

b =100 ft
Z=

20.0 =

°

0.0

W ERIIE
FEE

9.0

8.0}

7.0

6.0

5.0

4.0

3.0

Depth of Flow, d, ft

2.0

1.0

0.9

0.8

0.7

0.6

2
Velocity Head, ;—q ,

Depth of Flow,d, ft
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b =100 ft

SPILLWAYS: Permissible Hec for Various so and vy
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SPILLWAYS: Examples-Permissible Hgc for Various sg and Vp

EXAMPLE 1
Given:
 Emergency spillway bottom profile as shown in figure
Z = 2 .
b = 100 ft
n = 0.0l+
Vp = 6.5 ft/sec
Water Surface
e
=4J_17
T S Heo
1|4,
s, = 0.00 ]
R 77
Determine:

I. Permissible Heco

II. If the exit chanmnel bottom slope, s,, is greater than or

equal to Se, o/

Solution:

I. Determine permissible Ha.
Use ES-170,. sheet 1.
For n = 0.04, vp = 6.5 ft/sec, and sy = 0.038, read
permissible Hg, = 1.5 ft.

ITI. Determine if So 2 Sc¢, o/4

Use ES-170, sheet 1.
For Hge = 1.5 ft, read Sc, o/a = 0.032.

S = Sc, q/45 therefore, a control section exists at section
(1) for discharges in the interval Q/L to Q.

REFERENCE STANDARD DWG. NO.
U. 8. DEPARTMENT OF AGRICULTURE £S-170

SOIL CONSERVATION SERVICE
sneer_3 o _4
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| SPILLWAYS: Examples-Permissible Hec for Various sg and vp |

EXAMPLE 2

Given:
Emergency spillway bottom profile as shown in figure for Example 1
except that the exit channel bottom slope, sy, is equal to 0.025

z =2

b = 100 ft

vp = 4.0 ft/sec
Determine:

I. Permissible Hec when n = 0.02

II. If 55 2 Sc, q/4r when the value of n in the exit channel is

A, 0.02
B. 0.03
Solution:

I. Determine permissible Hg,
Use ES-170, sheet 2.
For n = 0.02, vy = L.0 ft/sec, and sy = 0.025, read

permissible Hoo = O.41 ft.

IT. Determine 1f so 2 S¢, q/4

A. When n = 0.02
Use ES-170, sheet 2. .
For n = 0.02 and Hep = 0.41 %, read

8o = 0.0122 = Sc, o/4°
Thus, the exit channel bottom slope, sy, is greater than
Sc, q/a*

B. When n = 0.03

Use ES-170, sheet 2.
For n = 0.03 and Hg, = O0.41 ft, read

5o = 0.0275 = S¢, q/a-
Thus, the exit channel bottom slope, sg, is smaller than
Sc, a/4*
Therefore, if the value of Manning's n is altered, say by
vegetative growth, from a value of 0.02 to 0.03, Section (1)

ig no longer a control section for all discharges in the
interval @/4% to Q. '

REFERENCE . STANDARD DWG. NO.
U. S. DEPARTMENT OF AGRICULTURE £S-170

SOIL CONSERVATION SERVICE
sneer_4_ or _4__
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" . | b =100 ft
SPILLWAYS: Hec vs Hp for Various Lengths, L z=2 Case |
n=0.04

section - ft

Reservoir
Water L | Control
Surface /Section
\
...... %
/5'0 H c/29
p !
10.0- | q Hece
]
c
%0 : T R S, =0.00
80 R R R I R e s
] (4 e%
7.0 I
6.0 ~90 NOMENCIATURE
Hoe = Critical specific energy
5.0 8o head - ft
) H, = Energy head of the water
/6 in the reservoir above the
- % spillway crest - ft
4.0- % H, = Difference in the elevation
o of the water surface in the
hed 6.0 ~ reservoir and the spillway
o 5 crest - ft
) ©, L = Length of the spillway
T 30 x upstream from the control
©
(7]
)
2
=)
>

Values of Hp, ft

REFERENCE

U. 8. DEPARTMENT OF AGRICULTURE

STANDARD DWG. NO.
SOIL CONSERVATION SERVICE

ES- 171
SHEET__!_oF_10
DATE__ 2-67 .
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) , b=100 ft
SPILLWAYS. Hgc vs Hp for Various Lengths, L 2=2 Case 2
) n=0.04
Reservoir Contr
15.0 ot Z L / Sention

10.0

ec» ft

§\ Ye/ng

de

S =0.00

USUSUSSES S

8
(o

NOMENCLATURE

Critical specific energy

hesd - ft
= Energy head of the water

it

in the reservoir above the

spillway crest - ft

= Difference in the elevation

of the water surface in the

reservoir and the spillway

Values of N

crest - ft

= Length of the spillway

upstream from the control

section - ft

1.0

0.9

0.8

0.7

0.6

0.5

0.45

Values of Hp, ft

REFERENCE STANDARD DWG. NO.
U. S. DEPARTMENT OF AGRICULTURE ES- 171
SOIL CONSERVATION SERVICE
SHEET_2 _oF 10

ENGINEERING DIVISION - DESIGN UNIT
DATE__ 2°67




00 ft
.04

Case 3

non g
oz

: . . -
SPILLWAYS.  Hgc vs Hp for Various Lengths, L z
n

Surfoce

‘ Reservoir !
‘ 15,0 sz 7 Control
e A AARE Water ////__Section

NOMENCLATURE

Hee = Critical specific energy
head -~ ft

HP = Energy head of the water
in the reservoir above the
spillway crest - ft

HP = Difference in the elevation
of the water surface in the
reservoir and the spillway
crest - ft

L = Length of the spillway
upstream from the control
section - ft

eC» ft

w
o
!

Values of H

20

1.0
0.9
0.8

0.7

0.6

0.5
0.45

Values of Hp, ft

REFERENCE
‘ E U. S. DEPARTMENT OF AGRICULTURE ETgNDARD pwe. No.
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. b=100 ft
SPILLWAYS. Hgc vs Hp for Various Lengths, L z=2 Case 4
n=0.04
' 15.0 Reservoir Control
‘g:rtfeorce L /Section
\ 2
o ’ \\ __&/29
10. P | T Hec
9.0 | 50' dC
8.0~ $0=0.00 |
- _00? (SN s
7.0 A- So ] oe%
= T 8o i
N A £ |
AV TN
T o
= Critical specific energy

ecCy ft

Values of H

head - ft
= Energy head of the water
in the reservoir above the

spillway crest - ft

= Difference in the elevation

of the water surface in the

reservoir and the spillway

crest ~ ft

= Length of the spillway

upstream from the control

se_ction - ft

1.0
0.9
0.8
0.7
0.6
0.5
0.45 e = v
~0.45 0.5 0.6 ‘0.7
Values of Hp, ft
REFERENCE STANDARD DWG. NO.
U. 8. DEPARTMENT OF AGRICULTURE ES' 171
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b=100 ft
SPILLWAYS: Hgc vs Hp for Various Lengths, L z=2 Case 5
n=0.04

Reservoir Control
Water ; Section
Surface L /

\ 1 vé i
Hp \\ __/29
\ Hec

: 50' dC
$o=0.00
‘0.04 /S/S‘/S‘Q/ s
So” S
A o
NOMENCLATURE
Hee = Critical specific energy
5.0 head - ft

Hp = Energy head of the water
in the reservoir above the
spillway crest - ft

Hp = Difference in the elevation
of the water surface in the
reservoir and the spillway
crest - ft

I = Length of the spillway
upstream from the control
gsection - ft

Vatues of Hp, ft

REFERENCE STANDARD- DWG. NO.

U. S. DEPARTMENT OF AGRICULTURE ES_ 171
SOIL CONSERVATION SERVICE

ENGINEERING DIVISION - DESIGN UNIT
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b=100 ft

SPILLWAYS:. Hec vs Hp for Various Lengths, L  z=2 Case 6

n=0.04

Reservoir

Control
Water .
Surface ; L ///f—‘Sectvon

2
Vc/ 2g

! 100' de

< W W

oo? USUSUSEES g

T o | |
I R Y’

g
C

NOMENCLATURE

Hee = Critical specific energy
head - ft

Hp = Energy head of the water
in the reservoir above the
spillway crest - ft

= Difference in the elevation
of the water surface in the
reservoir and the spillway
crest -~ ft

= Length of the spillway
upstream from the control

section - ft

Values of Hp, ft

REFERENCE

STANDARD DWG. NO.
U. 8. DEPARTMENT OF AGRICULTURE

SOIL CONSERVATION SERVICE ES- 171
SHEET_6__ oF_ 10

DATE_2-67
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SPILLWAYS. Hec vs Hp for Various Lengths, L.

Case 7

SN T

15.0 =

1 Reservoir
----- I5, Water
Y Surface

L
------- 0 _—

Control
///_.Secnon

|
Hec
100’ de
S =0.00
YSUSUSEN S,

AR
|

NOMENCLATURE

Hee = Critical specific energy
head - ft
Hp = Energy head of the water
in the reservoir above the
spillway crest - ft
= Difference in the elevation
of the water surface in the
reservoir and the spillway
crest ~ ft
Length of the spillway
upstream from the control
section - ft

~0.45 0.5 0.6
Values of Hp, ft

REFERENCE
U. S. DEPARTMENT OF AGRICULTURE

SOIL CONSERVATION SERVICE
ENGINEERING DIVISION - DESIGN UNIT

STANDARD DWG. NO.
ES- 171
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b =100 ft

SPILLWAYS. Hec vs Hp for Various Lengths, L z=2 Case 8
n=0.04

Gfservoir
ater

Control
15.0 gz 1‘ ~‘.~‘\ """""""" \ Surface / L /_Section

\\\\\:_f/ﬂ

50 Hec
 d
S, =0.00

NOMENCLATURE

Heo = Critical specific energy
head - ft

HP = Energy head of the water

in the reservoir above the

spillway crest - ft

Hp Difference in the elevation
of the water surface in the

reservoir and the spillway

crest - ft

Length of the spillway

upstream from the control

section - ft

=]
i

Values of Hec: ft

. " — N\U\-0s
o ———— —Y
) TT0.45 0.5 o0 ooz

Values of Hp, ft

STANDARD DWG. NO.

REFERENCE
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[ >
b=100ft
SPILLWAYS. Hec vs Hp for Various Lengths, L z=%04 Case 9
n=u.
Reservoir
15.0 i Water Control
~150 Surface L / ‘Section
™ | 1 \ 1
R R R " \ p 2
RRR R Hp e
10.0 -+ | 50' Hec
e - d
9.0 10.0 c
— - Se =0.00
8.0— 9.0 4 SN 8
B~ - - s §o* —0-9! N8 =0.10 0 &
7.0— 8.0 ¢
cod— -\ \\\ 70 5
— T \iteo
5.0
S NOMENCLATURE
\\\. 5-0 -
—. Hge = Critical specific energy
= 4.0 — head ~ ft
- H, = Energy head of the water
8 in the reservoir above the
T spillway crest - ft
w 3.0 Hp = Difference in the elevation
° ) of the water surface in the
w reservolr and the spillway
g crest - ft
o I, = Length of the spillway
> upstream from the control
section - ft
2.0
1.0
0.9
08
0.7
0.6
0.5 : - - \ .
0.45 -t — “NX\ o
—0.45 0.5 0.6 )
Values of Hp, ft
. REFERENCE STANDARD DWG. NO.
U. 8. DEPARTMENT OF AGRICULTURE ES- 171
SOIL CONSERVATION SERVICE
ENGINEERING DIVISION - DESIGN UNIT SHEET.9.0F_10
DATE_2-67




SPILLWAYS: Example-Hgc vs Hy for Various Lengths, L

EXAMPLE

Given:

Emergency spillway bottom profile as shown in figure

b = 100 ft

4 = 2

n = 0.0k

Hoe = 3.1 Tt
Determine:

1. H@

2. Friction head loss, he, in the distance, L

Reservoir ‘
Water Surf@\ /—Control Section
\
\\ Ve
- 1 72
Hp = ® lu.,
|| de
S = -0.10 8o = 0.00
1 TR RN
g = -0.01 Qi Ré! % o
7N NN 50" "
’ L = 500"
-
Case 8

Solution:

l. Determine H
Use ES-171, sheet 8.

For Hee = 3.1 ft and L = 500 £t, read Hy = 3.66 ft.
2. Compute he

hy = Hy - Hoe = 3.66 - 3.10 = 0.56 ft

NOTE:
The H? corresponding to an Hec remains nearly constant regardless of the

bottom width (where.25' £ b = 400') and side slope of the emergency spill-
way. ,

See ES-1T76 for the effect of n, z, or b on Hp-

REFERENCE U. S. DEPARTMENT OF AGRICULTURE 'ZTS"""{";DIDWG‘ NO.

SOIL CONSERVATION SERVICE
steet_10 ofF _10

ENGINEERING DIVISION - DESIGN UNIT | pate__6—67




. 4 -
b=100'

SPILLWAYS: cCritical Slope Corresponding to Q/4 Z=0204
n=0,

Woter Surface /—Confrol Section
I5 ¢ Water Surface
dc,asa de,ara ™ — 4,
So< Sc,asq -
10 ’ RN Tl ISUSLS p R @(/N/Qi
g ‘S‘oe [ |
S
! \ C'O/q Control Section
= Q/4 is the discharge used to determine Sc,a/4
(&4 NOTES: 1. Chart gives the minimum bottom slope of exit channel necessary to
2 ensure the existence of a control section for a discharge = 1(%
g' sC’Q/4 = critical slope corresponding to a discharge of %
E - The maximum deviation from the value of Sc,Q/4 obtained from the
(=]
a 4 curve is less than * 0.001 within the region 2 = z £ & and
724 ;
@ P 25 £ b £ L0O.
e
Q
L EXAMPLE
o 3 e \ Given:
S B A S \ Hec = 5_0 ft
= \ b = 100 ft
-~ \ z =2
-g \\ n = 0.0k
% \ Determine:
2 ) N The minimum sy of the exit channel necessary to
S i e S et b \ ensure a control’ section for all discharges 2 %
5 .. . RS SR, = - » Solution:
g N Use ES-172, sheet 1. For Hg. = 5.0 ft, read
o \ Sc,q/4 = 0.021k ft/ft = minimum sg.
(73
o |
o e
= 09 S
© os
0.7 i
0.5
0.45}
0.015 0.02 0.03 0.04
Values of sc, g4, ft/ft
‘ REFERENCE STANDARD DWG. NO.
U. S. DEPARTMENT OF AGRICULTURE ES- 172
SOIL CONSERVATION SERVICE ser | or |

ENGINEERING DIVISION - DESIGN UNIT
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HYDRAULICS: Hec vs Q¢ g for Various Bottom Wriidfhs, b Z=0

Gritical Discharge, Qg 4, cfs

o
3

o
o
\+0
Q
¥

Critical Discharge, Q¢ g4, cfs

o
9

o
»
1

o
)

Critical Specific Energy Head, Hec, ft

- I e . sy : : 19
— S S, - | . B S R N : R N Oiom
% 1o
>
O*/o’h
‘6
" ] O#/ofn
P R o s ! P N Jdee=0.20f T e : :
S > & ) ooy / -\».,e \3 o s
‘om tiom tion *ion O*/ » 0y o, o O*/ .
° Critical Discharge, Q¢ ¢4, cfs - ‘on on on (o
S
Y
REFERENCE
U. S. DEPARTMENT OF AGRICULTURE STANDARD DWG. NO.
SOIL CONSERVATION SERVICE Es- 173
ENGINEERING DIVISION - DESIGN UNIT SHEET__|___oF_6
~ DATE __2-67




HYDRAULICS: Hgg vs Q¢ ¢ for Various Bottom Widths, b

Critical Discharge,Qc d.cfs

2 9, 0,
0, 7 (2 (o)
(o} C, o) (2]

ton O-r/o,,, */O'”\ “’/o/»‘ Ogo=36

*/o »

>
[=)

o
o b=10xi0"™

Critical Specific Energy Head, Hge , ft

Critical Discharge,Qc g, cfs -

Critical Discharge, Qc ¢, cfs

REFERENCE STANDARD DWG. NO.
U. S. DEPARTMENT OF AGRICULTURE £a. 173
3OIL CONSERVATION SERVICE | ceer 2 or &
ENGINEERING DIVISION - DESIGN UNIT DATE 2-67




HYDRAULICS: Hgc vs Qg 4 for Various Bottom Widths, b

Critical Discharge, Qc g, cfs
2 8 9 0
Sop, O, Op, Op,
o) Oy )
on “on *on *5

o

10.0

Critical Discharge, Q¢ g, cfs

Critical Specific Energy Head, Hg, ft

o
o
&2

6.0

(o} 0,
O*/m */om o*/m O*/o» o*/oo,
Critical Discharge, Q 4, cfs
’

U. S. DEPARTMENT OF AGRICULTURE SETS“NDIA;; DWG. NO.
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HYDRAULICS:

Hec vs Q¢ g for Various Bottom Widths, b and Side Slopes, z

An approximate relation of critical discharges for a trapezoidal channel and for
a channel of bottom width = 100 £t and side slope = O having the same Hoo as the
trapezoidal channel is
% _ 1.5b + zHge
Q¢ 150
QL = the critical discharge for a channel of bottom width = 100 £t and
side slope = O.

Equation 1
where:

the critical specific energy head corresponding to the critical
discharges, Q) and Q-

Hee

A. When Q, is to be determined,

Q. = the first approximation of the critical discharge, as obtained from
Equation 1, for a channel of bottom width, b, and side slope, z.

B. When b is to be determined,

b = the first approximation of the bottom width, as obtained from
Equation 1, associated with a critical discharge, Q,, and side
slope, Zz.

When a second and closer approximation of critical discharge is required, the
following equation may be used.
Q" = QC
S 1 - % Error
100
= the second and closer approximation of the critical discharge for a
channel of bottom width, b, and side slope, z.

Bquation 2

where: QF

.
When a second and closer approximation of bottom width is required, the following
equation may be used.
b
no_
v = 1 % Error
T 100

= the second and closer approximation of the bottom width associated

with a critical discharge, Q., and side slope, z.

Equation 3

where: b"

The value of % Error may be obtained from Figure 1 or from the approximate

relation
1.1+ [Iagm(zﬂ%g]ﬁ.sg - 0.236 Iog,, %1)]
zHec}

% Error = 2.27[ =

Equation 4

Figure . Error in Q¢ where Q¢ is determined by the
approximate relation Qc .l.5b+ zHeg
[y 750
Control

y

5
e

dt

03 04 0506 08 | 2 3

4 5 &y 8
Critical Specific Energy Head, Hgc, ft

210 20

REFERENCE
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HYDRAULICS: Examples - Hgc Vs Qc,d for Various Bottom Widths, b and Side Slopes, z

EXAMPLE 1
Given:
Heo = 8.0 £t
z =0
¥
Water Surface
oF |Bec
I
N
-
Control Section
Determine;

I. Critical depth, d,
II. Bottom width, b, where Q. g = 200, 2,000, and 20,000 cfs

Solution:
Use ES-173, sheet 3.
I. Determine d,
For Hge = 8.0 ft, read d, = 5.3 ft.

II. Determine b
A. Where Q. g = 200 = 2,000 x 10™; m = -1
For Ho. = 8.0 £t and Q¢,q = 200, read

b = 28.5 x 10® = 28,5 x 10t = 2.85 rt.
B. Where Qc g = 2,000 = 2,000 x 10"; mn = 0
Then b = 28,5 x 10% = 28,5 x 10° = 28,5 £t
C. Where Q. g = 20,000 = 2,000 x 10"; m = 1
Then b = 28.5 x 10™ = 28.5 x 10! = 285 rt

EXAMPLE 2

Given:
A trapezoidal channel
n

b4
Hee
Qe
Determine:
I. The first approximation of the bottom width, b, by the use of
Equation 1. .
II. The second approximation of the bottom width, b", by the use of
Figure 1.

4.5 ft
LLOO cfs

Solution:
I. Determine b
A. TUse ES-173, sheet 2.
For Hy, = %.5 £t and b = 100 ft, read Q) = 2950 cfs.

B. From Equation 1,
_100(Qc)  zHec

o 1.5
b - 100(H00) _ (1)(.5)
950 1.5

b =149 - 12 = 137 ft

II. Determine b"
A. Use Figwe 1.
For Hee = 4.5 £, b = 137 £t, and z = k4, estimate % Error = 0.1.

B. Then substituting into Equation 3

- b - BT .
b"—l_%Error - E—ly{ft
100 T 100

REFERENCE
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HYDRAULICS: Examples - Hge Vs Qc.d

for Various Bottom Widths, b and Side Slopes, z

EXAMPLE 3

Given:
A trapezoidal channel
b 50 ft
b4 2.5
Hoe = 7.5 £t
Determine:
I. The first approximetion of the corresponding critical discharge, Qe» by the
use of Equation 1.
IT. The second approximation of the corresponding critical discharge, Q
A. By the use of Figure 1
B. By the use of Equation k.

Solution:
I. Determine Q.
Use ES-173, sheet 3.
For Hee = 7.5 £t and b = 100 ft, read Q¢ = 6340 cfs.

Prom Equation 1

1.5
Qe =[ ]_;Oz}lea Q

L '}

"
s

Substituting
Q. =E_'2(LO)#2-M 6340 = 3963 cfs

II. Determine Q;

A. By use of Figure 1
1. Use Figure 1 to prepare a plot of b vs % Error
For Heo = 7.5 ft,

b=25ft, and 2 = 2 and 3;
b =100 ft, and z = 2 and 3; and
b = 400 ft, and z = 2 and 3,

read % Error values.

Flot b vs % Error with z = 2 and z = 3 lines.
2. Use plot of b vs % Error to obtain % Error for z = 2.5 and

b = 50 fte.
For b = 50 £t and z = 2, read % Error = 0.4k,
For b = 50 £t and z = 3, read % Error = 0.80.

Thenforb=50fts.ndz=2.5,%Error=&u;0;ez

= 0.63.

3. Then substituting into Equation 2

w Qc 6 _
CTrEm e e

100

Bottom Width, b, ft
/

3
/

<1
=3

25 1=
0.0l 0.1
Values of % Error

B. By use of Equation 4
1. Substituting intc Eguation U

11+ [lasm (D )]En.” - 0.136 Tog,o{z2— )]
H ZHeo ZHec
= 2.27 [Z £

% Error T

= 2.27 l%i%—'ii] o Eng(“_f%)] E}'” T mg“’(’--i‘_ﬁ]

1 + [iog,, 2.667) [0.59 - 0.136 Logyo 2.667)

"

2.27[0.575]

1.1 + [c.428][0.59 - 0.058]

2.27[0.375]

4 Error = 2.27[0.375)1'327 = 2.27[0.272] = 0.618

2. Then substituting into Equation 2

"o Q - 2262 -
Qchl_ﬂﬁ'ror* 0.1“5988(:1‘5

100 1 -5
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HYDRAULICS: Hec vs Q¢ ¢ for Various Bottom Widths, b 1f <b<10f
Y 02ft <dcg<10ft
Critical Discharge, Q; 4, cfs
i EXAMPLE '
Given:
Z =2
Hye =3.k 7t

Qe,q = 900 cfs

Determine:

The spillway bottom width, b
Solution:
Use ES-17h, sheet 5.

For Hee = 3.4 ft and Q; g = 900 cfs,
read b = 42 ft.

_7:-5’
-
ié’u

@ 0.7-f

)
&

Critical Discharge. Qc.d- cfs
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2
ft <b <100 ft
2 ft <dc o=10ft

Z=
10
0.2

HYDRAULICS:  Hgc vs Qc g for Various Bottom Widths, b

Critical Discharge,Qc'd.cfs
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HYDRAULICS:

Hec vs Q¢ d for Various Bottom Widths, b

L=z

100 ft =b = 1000 ft

02 ft <dg (< 1.0 ft

.

Critical Discharge, Qc,d, cfs

Critical Specific Energy Head, Heg, ft

Critical Discharge, Q¢ d. cfs

STANDARD DWG. NO.

REFERENCE

U. 8. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

ENGINEERING DIVISION - DESIGN UNIT

ES- 174

sheer_3 o 9
11-67

DATE




HYDRAULICS:  Hec vs Qc g for Various Bottom Widths, b

Sop..._ Sog..

Critical Discharge, chd, cfs

Critical Discharge,Qc g, cfs

Critical Discharge,chd, cfs
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2
10ft =b <100 ft

1.0 ft <dgo<4.2 ft

Z=

Hec vs Q¢ d for Various Bottom Widths, b

HYDRAULICS:

!

Critical Discharge,Qc 4, cfs

<

1Qc,ds cfs

Critical Discharge
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HYDRAULICS:  Hec vs Qg g for Various Bottom Widths, b

~

]
EN]
1A

b <1000 ft
deo=42ft

[E
oo
Ed
1A

REFERENCE

Critical Specific Energy Head, He, ft

Critical Discharge,Qc g, cfs 2

Wy,

. Geo=42

e, T,

Critical Discharge, Q.. 4, cfs
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HYDRAULICS:  Hec vs Qc g for Various Bottom Widths, b J i
42 ft <dg o= 15ft

Critical Discharge, Q¢ g, cfs
10 00y,

Critical Discharge,Qc’d, cfs

REFERENCE
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HYDRAULICS:  H, vs Qc 4 for Various Bottom Widths, b

=2
10ft =<b <100 #t

2]

20

“de g= 15.0 4

(AL T

Critical Discharge,Qc d. cfs
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Critical Discharge, Q¢ g, cfs
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z=2
100 ft <b <1000 ft
42 ft =dco<15ft

HYDRAULICS:  Heg vs Qc g for Various Bottom Widths, b

Critical Discharge,Qc,d. cfs
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=3
HYDRAULICS:  Hec vs Qcd for Various Bottom Widths, b 1t <b < 10t
0.2ft <d <10k
! Critical Discharge, G, g, ofs
EXAMPLE
Given:
z =3
Hee = 4.3 £t

Determine:
The spillway bottom width, b

Solution:
Use ES-175, sheet 5.
For Hee = 4.3 £t and Qc,d = 2300 cfs,
read b = 75 ft.

Critica! Discharge, Q od cfs

Critical Discharge, chd.cfs

REFERENCE
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10f <b <1001t
021t =dg o= 1.0 ft

L=

%o,

\900\

Critical Discharge,Qc g , cfs
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Critical Discharge,Q,, 4 cfs
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Z=3

. ; : 100 ft <b <1000 ft
HYDRAULICS:  He vs Qg 4 for Various Bottom Widths, b 0ok o Lokt
Critical Discharge, Q¢ 4, cfs &
1?‘7\. A, ~dcg=10 .,
5 T :

o
o

e
~

o
o

b=IQO

7

Critical Specific Energy Head, H., ft

o

»n

Critical Discharge,Qc‘d ,cfs

%
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HYDRAULICS:  Hee vs Qcg for Various Bottom Widths, b

e ]
=3
1t <b=<10ft
10ft =dcg=42ft
Critical Discharge, Qc ¢ ¢fs

Critical Discharge, Qcd: ¢

REFERENCE

Critical Discharge, Qc'd,cfs
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W

10ft < b= 100k
10ft <dgg=d2tt

Z=3

|

sjo P29 ‘efiwyastq (22010

Critical Discharge, Qcd, cfs

™

o e S D
ST dee=30t
xLé:»zs‘ 1

|
|

5 B S
N

o

Hec vs Qc g for Various Bottom Widths, b

HYDRAULICS:

o ,,,l,_\i

~
d

,cfs

Q¢

Critical. Discharge
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3 2
= =

REFERENCE




=3
100 ft <b = 1000 ft
L0 #t =deos42ft

HYDRAULICS: He vs Q¢ g for Various Bottom Widths, b

Critical Discharge, Q; g, cfs
5 <G,
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Critical Discharge, Qcd: cf?;cb
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7=3
HYDRAULICS: Hgg vs Q¢ g for Various Bottom Widths, b Ut <b =10t

42 ft <dc =150 ft

TTTTTT 1500
------- ’g%:m‘%r%uln Loy
. T 11T T]]]

LTI “’Wgﬁﬁgsg&ﬁ
@;ﬂ§g§5§ LT o,

Criticat Discharge. Q. 4.cfs

~~500 ~60p 00
Critical Discharge, Q¢ d ,cfs
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HYDRAULICS: Hgc vs Qg g for Various Bottom Widths, b

10ft <t < 100 ft
42 f <dco= 15 ft

[T |
LTI

Critical Discharge, Qg q: ¢fs

L] IS 77—

Critical Discharge, Q4. cfs

;300'0

STANDARD DWG, NO.
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z=3
HYDRAULICS: Hec vs Qc,d for Various Bottom Widths, b e < <1000 1
‘ 42 ft =dco=150ft
Critical Discharge, Q¢ ¢ ¢fs & 2,
cd Oq%\ a0,
N -~ de =150
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Critical Discharge, Q. 4, cfs

REFERENCE
U. 5. DEPARTMENT OF AGRICULTURE STANDARD DWG. NO-
SOIL CONSERVATION SERVICE ES- 175
- ENGINEERING DIVISION - DESIGN UNIT SH El:—f___g oF 9_.
pate 1167




Case |
b

100 ft

z2:=2

Effect of n on Friction Head Loss

SPILLWAYS
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: icti c 2 )
SPILLWAYS: Effect of n on Friction Head Loss ase

b =100 ft
for n= 0.04 z =2
Reservoir
Water L Control
Surface Section
h,0.04 1.2 /
2 /
Hp 4 /
i Hec /
' 30 de
| $,=0.00 1.0
002 SYSTINGINI S
So
> |
A |

NOMENCLATURE

he g0y = Friction head loss in a spillway
? of length, I, and roughness coef-
ficient of 0.04 -~ £t

hf,O.Oli = Hp - Hee

-
/// ,/{ . n=0.04 . L=30" :
/ ,/ it —----%\\ -
// A g /”’ \\\\
A -
/ P l
4 //
A PEc<lm N NN
é/ A
e
7
0.2
0.450.5 0.6 0.7 0.80.9 | 2 3 4 5 6 T 8 910 15
Critical Specific Energy Head, Hg., fi
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‘ SPILLWAYS: Effect of n on Friction Head Loss Case 2

‘ b=100 ft
for n=0.02 and 0.08 z=2
Reservoir
L Control
Water K
Surface Section
hf,n
vé/2 .
9
Hp 1
[ 30" dC
So= 0.00
o2 SUSESLS s .
So‘ (oS
|
£ |
NOMENCLATURE
hf,n = Friction head loss in a W
spillway of length, L, N
and roughness coef- y
ficient, n - ft 1.0~
_ - 7
hf,n - % Hec 0.9//, "
/ Cak
0.8 Ml S
. /// /’
0.7 Al —
0.6 ///, e —
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o o e
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Critical Specific Energy Head, Hec ft
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Case |
SPILLWAYS: Effect of b on Friction Head Loss n=0.04
z=2
Reservoir
Water L Control
Surface Section 1.09
,/
hf.b ’/I
29
Hp 1 1.08 sy
Hec /.
de >
/- 7
pd yd
RIS I Mo, L07 =
1 (&) >
< / >
| /
/£.
06— -
I
II 'I '/l
NOMENCLATURE
yd =
hf p = Friction head loss in a <
’ spillway of length, L, =
and bottom width, b - ft
Bppy = Hy - Heg > L
1,02 et
. ‘,/
1.0} -
: - T L=l006‘:2=_2_§—'- s
- f i H
.00 b=100 for all lengths, L
0.99 - 300"
Ty
3 o/ TN
— N =
w" - .
= . Py
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© 0.97 AN
8 ’ ‘\\ X
=2
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0.96 S
N
N
N
0.95 : N
0.450.5 06 07 0.80.9 | 2 3 4 5 6 7 8 9 I0 15
Critical Specific Energy Head, Hec, ft
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SPILLWAYS: Effect of b on Friction Head Loss

Case 2
n=0.04
z=2

Maximum Deviation of h¢p is 0.028~
y

for L=750" curve.

L=750'

Reservoir Control
Water L Section
Surface L=300'
— " ,b
\ Vé/zg EAE
H \—_ AY s
p | % Hec " Y L=200'
, 30" de -
S4=0.00 T
.02 ISUSUSES s
L 03
So ‘»S;
|
ﬁ | L=130’
NOMENCLATURE
hf p = Friction head loss in a
’ spillway of length, L, & o
and bottom width, b - ft o ﬁ L=80
hf,b = Hp - Hee
—
....::-~ 52/60'
S b pL=30"
0.2
O.Ig .: ; { e . SR S
04505 06 070809 | 2 3 a4 5 6 7 8 9 10 15

Critical Specific Energy Head, Hee, ft
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SPILLWAYS:

Case |

Critical Specific Energy Head, Hec, ft

Effect of z on Friction Head Loss b =100 ft
n = 0.04
Reservoir
Water L Control y
Surface Section /
.03
H /
p
/ /
L./
/
/ /
R R R R M o [/
I VR0 2o / /
| > /
/
NOMENCLATURE
hf,z = Friction head loss in a spillway
of length, L, and side slope, z - ft
hf,z = Hp - Hee
//
ol -
T L e
T T P oy
I |
eEns = zea-t L-10'
— T Z=2 for all lengths, L ——3 1
1.00 N
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SPILLWAYS:

Effect of z on Friction Head Loss

Case 2
b=100 ft
n=0.04

Reservoir
Water
Surface L ///’"'ggz:{gL
hf,z
V?
Hp _17_°/29
Hec
de
o02 ANESEYATS s
So-. 1 o o
ﬁ | c
NOMENCLATURE

= Friction head loss in a spillway
of length, L, and side slope, z - ft

f,z =Hp - Hee

0.3 ,v:
/ ge
e
0.2 -z D R
0.45 0.5 0.6 07 08 09 | 2 3 . ; G !

Critical Specific Energy Head, Hec, ft
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SPILLWAYS: Examples—-Effect of n, b, and z on Friction

Head Loss
EXAMPLE 1
Given:

Emergency spillway bottom profile as shown in figure
Heo = 4.50 £t

Z =2

b = 100 £t

L =200 ft

I&J = 5.51 £t (obtained from ES-171, sheet 1)

n=0.04

iReservoir Water Surface /— Control Section

— T “The,n
X\_ "l2
. ] \\\ és
Pdn T \\\\\\\,_” & Hee
0.00 : %
8 = .
L > > TR o
L L .S s
l C
Determine:
HI;]n=o.os
Solution:
1. h ==11] - = 5,51 - 4.50 = 1.01 ft
T,0004 D n=0.04 Hec

2. Use ES-176, sheet 1.
he 0.08

= = = ’ _1,0.08 _ 5 15,
For Heo = 4.50 ft, n = 0.08, and L = 200 ft, read Bt o008 2.15

Then he .08 = 2+15 (B, 0,04) = 2.15(1.01) = 2.17 £t
HP]n=o.08 = Hec + Bp 0,08 = L.50 + 2.17 = 6.67 Tt

REFERENCE STANDARD DWG. NO.
U. S. DEPARTMENT OF AGRICULTURE ES-176
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sHEET__8  oF _13

ENGINEERING DIVISION - DESIGN UNIT | pate __6—67




SPILLWAYS: Examples—-Effect of n, b, and z on Friction

Head Loss
EXAMPLE 2
Given:

FEmergency spillway bottom profile as shown in figure
Hee = 4.50 £t

z =2

b = 100 ft

L =200 ft

@ir Water Surface /—Control Section
== hf,n
e
———— | I%
\
Hgn '—L 8 Hee
Bo = 0.00 dc
= -0.02 TR/
89 20. 8, R
So
| L
|

Determine:
Hp] where n = 0.02, 0.04, 0.08, and 0.05.
n

Solution:

1l. Determine Hp]
n=o0.02

Use ES-176, sheet 3.
For Hoe = 450 £t, n = 0.02, and L = 200 ft, read hy o, = 0-20 ft.

Then HIZIn=o.02 = Hee + hp o gp = 4050 +0.20 = L0 £t

2. Determine Hp]
n=0.04

Use ES-176, sheet 2.
For Hee = 4.50 ft, n = 0.0k, and L = 200 ft, read hf, 5,04 = 0.60 ft.

For n = 0.0k, Hp]n=0.04 = Hee + hp o 04 = 4.50 +0.60 = 5.10 ft.

3. Determine Hp]
n=0,08

Use ES-176, sheet 3.

For Hee = 4.50 ft, n = 0.08, and L = 200 ft, read hf 6,08 = 1.5k ft.

Then HP] neo.0n = Hec * g 0,08 = 450 +1.54 = 6.04 £t.

k. Determine Hp]

n=0.05
Prepare plot of hf,n VS n.

From plot read hy o.os = 0.83 ft.

Then Hp]n=o.os = Hee + hp .05 = 4.50 +0.85 = 5.33 ft.

REFERENCE STANDARD DWG. NO.

U. S. DEPARTMENT OF AGRICULTURE

SOIL CONSERVATION SERVICE ES-176

SHEET_9 _ oF _13 _
ENGINEERING DIVISION - DESIGN UNIT DATE _6-67




SPILLWAYS: Examples—Effect of n, b, and z on Friction
Head Loss

Plot of h¢ n vs n P

0.02 -9
. 0.4 0.5 0.6 07 08 09 1.0 1.5

Values of hf,n,ft

EXAMPLE 3

Given:
Emergency spillway bottom profile as shown in figure
Hee = 12+.50 ft

n =

L = 200 %t

n = 0.0)-|>

HP]b oo = 9e0L Tt (obtained from ES~171, sheet 1)
=1

XReservoir Water Surface /——Control Section

— -] = 7 b

), T e

s, = 0.00 1

A\’ N R R R R R R
L O

~ e

=
iy

|
|

Haiy

[e]

n

Determine:

I&ab=4oo

Solution:
T. Br,y00 = %]b:]_oo - Hoe = 5.51 - 4,50 = 1.01 £t
2. Use ES-176, sheet L. N
For H,, = 4.50 ft, b = 40O ft, and L = 200 ft, read %ﬂo- = 0.965.
,100
Then hp 400 = 0.985(hr 100) = 0.985(1.01) = 0.99 ft.

I%Jb=4oo = Hee + hf,4oo = L4.50 +0.99 = 5.49 Ft

STANDARD DWG. NO.
REFERENCE U. S. DEPARTMENT OF AGRICULTURE £S-176

SOIL CONSERVATION SERVICE
sHEeT 10 oF _13

ENGINEERING DIVISION - DESIGN UNIT | pate _6-~ 67




SPILLWAYS: Examples-Effect of n, b, and z on Friction

Head Loss
FXAMPLE L4
Given:
Emergency spillway bottom profile as shown in figure
Hee = 6.00 ft
z =2
L =300 ft
n = 0.0)4-
Reservolir Water Surface /—Control Section
=1 = he b
B v
Hp] T —+2e
b Hoo
| de
8, = 0.00 !
= -0.02 TAYIAY/R
s 7 30’ So o
SO
| L
I

Determine:
H.p]b where b = 25, 100, and 400 ft

Solution:

1. Use ES-176, sheet 5,
For L = 300 £t and
b = 25 ft, read hf,zs = 0.73 ft;
b = 100 ft, read hf,lOO = 0.72 ft;
b = 40O ft, read he 400 = 070 fto

2. Then where
b = 25 ft, Hp]b=25 = Hee + hr o5 = 6.00 + 0.73 = 6.73 ft;

b =100 £t, Hyl, o = Hee + he 100 = 6.00 +0.72 = 6.72 ft;
b = Loo ft, Hp]b=4oo = Hec + hp .00 = 6.00 +0.70 = 6.70 ft.
‘ REFERENCE STANDARD DWG. NO.
U. S. DEPARTMENT OF AGRICULTURE ES-176

SOIL CONSERVATION SERVICE
SHEET_11  of _13

ENGINEERING DIVISION - DESIGN UNIT | pate _6-67




SPILLWAYS: Examples—Effect of n, b, and z on Friction

Head Loss
EXAMPLE 5
Given:
Emergency spillway bottom profile as shown in figure
Hee = 4a50 Tt
b = 100 ft
L =200 ft
n = O.OLL
H

b

]z_2 = 5,51 ft (obtained from ES-1TLl, sheet 1)

iReservoir Water Surface /—-Control Section

— T — _hf’ 2
\\\ 2
\ \ <
Hﬁ — —17%g
z Hee
] de
So = 0.00 ]
R R R R R R R 7
A :
—

Determine:
) e

Solution:

1.

2.

hf 2 = H£J2=2 - Hee = 5.51 - 4,50 = 1.01 ft

Use ES-176, sheet 6.

h
For Hyy = 4.50 £, z = b, and L = 200 ft, read 2% = 0.99.

hf,z
Then he 4 = 0.996(hr, o) = 0.996(1.01) = 1.01 ft.

Hp]z=4 = HeC + hf’4 = ,4'050 +1.01 = 5.51 £t

REFERENCE

U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

ENGINEERING DIVISION - DESIGN UNIT

STANDARD DWG. NO.
ES-176
sHEET_12_ of 13
DATE _6-67




SPILLWAYS: Examples-Effect of n, b, and z on Friction

Head Loss
EXAMPLE 6
Given:
Emergency spillway bottom profile as shown in figure
Hee = 7.50 Tt
b = 100 ft
L =300 ft
Reservoir Water Surface /—Control Section
hf,z
ve
| 7g
K . Hec
s, =0.001 | ¢
TRYZANY/AN
So 1 S
30 0 o
‘SO
[
Determine:
H?iz where z = 1, 2, and b
Solution:
1. Use ES-176, sheet 7.
For L = 300 £t and
z =1, read he , = 0.80 ft;
z = 2, read hy , = 0.78 ft;
z = kb, read hy 4, = 0.76 ft.
2. Then where
z = 1, Iﬁg = Hee +hp 1 = 7.50 + 0.80 = 8.30 rt;
1

N
!

1l

Z=
= 2, Hé]z=2 = Hoe + by o = 7.50 + 0.78 = 8,28 £t;

z =k, Ea reo = Hec *hr,a 8.26 ft.

7.50 + 0.76

1l
Il

REFERENCE STANDARD DWG. NO.
U. S. DEPARTMENT OF AGRICULTURE £S-176

SOIL CONSERVATION SERVICE
SHEET_13 of _13__

ENGINEERING DIVISION - DESIGN UNIT | pare_6-67







SPILLWAYS: Effect of b and z on Permissible Hec E

Z=1,2 3 and 4

1,021
\\‘\ecxz‘xw —
v =

Z7=0 NPAS

Y

Values of Hec]z b/Hec] ) 100

Permissible Velocity, vp,, ft/sec

REFERENCE

STANDARD DWG. NO.
U. S. DEPARTMENT OF AGRICULTURE .ES-177
SOIL CONSERVATION SERVICE

seer__1  or 8
ENGINEERING DIVISION - DESIGN UNIT

DATEl—_G_a_




SPILLWAYS: Effect of b and z on Permissible Hgc

2
__n —
So = 0.02

2=0,1,2,3and 4

Values of Hec]Z b / Hec]z,mo

NN

\\‘\@,GX'L.\Q0

57l

29 /

=3

1.05,
/

]

s

il =40

1.00 =

I

0.99

1.05

1.00 ree——

0.98

1.06

1.00

0.98

1.07,

1.00¢

0.984--

1.09;-—

1.00

0.98
1

9 10 11

Permissible Velocity, v, ft/sec

REFERENCE

U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

ENGINEERING DIVISION - DESIGN UNIT

STANDARD DWG. NO.
ES-177
sweer_2__or_8

pare 1-68

H




.SPILLWAYS: Effect of b and z on Permissible Hec 2

2
D" —004

Z=0andl

1.17-
'/
—
/
1.00
g 097! L _ -
~
Q
[
I
—
o
—n 110 ;
[h) . _ _ i
i R RO S N o
'*6 _ o e P /
B ]
s —
s - |
- . ot
— ‘.”, /
; i —
— = S SR b= 10
1.00 : b = 100
b=
— 2 150
— — ,,,‘7 PN R =400’—'“‘*j
097, — B E— | : i ‘
1 727 T3 g 8§79 1611 i2 13 14 15 16
Permissible Velocity, vp, ft/sec
REFER.ENCE

U. 8. DEPARTMENT OF AGRICULTURE
SOIL. CONSERVATION SERVICE

ENGINEERING DIVISION - DESIGN UNIT

STANDARD DWG. NO.
ES-177

sweeT__3
pate _1-68

o8




1
. =004
SPILLWAYS: Effect of b and z on Permissible Hgc o
Z=2,3and4

111
—
' 110 !
) e T
72=2 ok \'\e,CXL / _—
Nawe® T 52—
// =35 —]

1.05 L LT 00
///:// b= 50//

//// : ___,._——-—“7 b>= 70
oo b = 100
I — b =150
0.97

114

1.10

Values of Hec] ,\ Hed],

1.10
7
P ‘
- 5=
7 A // — /l — —
_ e 1 b =70 —
// /// :
P i —— | b = 100
// 4 - l// l_——T
e~ T S = 150
1.00 = e -
= 200
T
—_— b= 400
; o ———

0'971 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Permissible Velocity, vp ft/sec

REFERENCE | STANDARD DWG. NO.

U. S. DEPARTMENT OF AGRICULTURE £S-177
SOIL CONSERVATION SERVICE 4 8
SHEET. OF

ENGINEERING DIVISION - DESIGN UNIT oare. 1-68




SPILLWAYS: Effect of b and z on Permissible Hec

1.00;

110 i

Values of Hec]z,b/ Hec]z,loo

1.00

Permissible Velocity, Vpr ft/sec

REFERENCE

U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

ENGINEERING DIVISION - DESIGN UNIT

STANDARD DWG. NO.
ES-177
SHEET_D _or_8

DATE i




SPILLWAYS: Effect of b and z on Permissible Hec - o0

Z=23,and 4

119,
'|\‘\GAZ‘\'® I
S of \‘\ecx 19 )5

\la\u e : ”‘,b ;ﬂ/

1.00

094

123
1.20 : o=

1.10 !

f’
|

3

i fugn v
~
(ed

—
(o]

1.00

0.95

Values of Hec]z b /Hec,]z -
|

1.26 - I
! ]

1.20— — —

\
\

)
\
\

1.10

\\\ \\
RN

A

NN

1,00 E—— —1 =700

i
! :
I S S R

0.5 32 56 7 8 9 10 11 12 13 14 15 16

- Permissible Velocity, vp, ft/sec

REFERENCE ) : . STANDARD DWG. NO.
U. S. DEPARTMENT OF AGRICULTURE ES-177

SOIL CONSERVATION SERVICE e 6 or 8
ENGINEERING DIVISION - DESIGN UNIT DATE 1-68




SPILLWAYS: Examples-Effect of b and z on Permissible Hgc

NOMENCLATURE

H@a = the permissible critical specific energy head for a spillway with
#1009 5 _ 2 and b = 100 Tt — ft

Heé]z b = the permissible critical specific energy head for a spillway with
’ side slopes, z, and bottom width, b — ft

S, = the exit channel bottom slope — ft/ft

EXAMPLE 1
Given:
Emergency spillway bottom profile as shown in figure
Z = 5
b = 50 ft
n = O.OLL
vp =8 ft/sec

Heé]Z,loo = 2.06 ft (obtained from ES-170, sheet 1)

Control Section

Water Surface

Determine:-

Permissible Heé]a o
b

Solution:
n2
1. Compute N
o)

o _ (0.04)% o)

s, ~ 0.0k

2. Use ES-177, sheet 4.
For z = 3, b = 50 ft, and vp = 8 ft/sec, read

Hec]z,b/HeC]_z,loo = 1.025.

Then Heg) . = 1.025 He) 2,100 ° 1.025(2.06) = 2.11 ft

STANDARD DWG. NO.
ES-177

SHEET 7 OF ._.§_
ENGINEERING DIVISION - DESIGN UNIT | pate _2-68

CE ‘
REFEREN U. S. DEPARTMENT OF AGRICULTURE

SOIL CONSERVATION SERVICE
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SPILLWAYS: Examples-Effect of b and z on Permissible Hgc

EXAMPLE 2

Given:
Emergency spillway bottom profile as shown in figure for Example 1 except
that the exit channel bottom slope, sy, is equal to 0.052.
L :

2 =
b =70 ft
n = 0.04
vp = 6.0 ft/sec

Hed) ,, 100 = 1-12 Tt (obtained from ES-170, sheet 1)

Determine:
Permissible Hea4 70
2

Solution:

n2
1. Compute T—
So

2 2
n ML 0.0508

5o = 0.052

2. Use ES-1T77.
For z = 4, b = 70 ft, and vp = 6 ft/sec, read values of

2
n
Heg] Z,b/Hea 2,100 £OT 5 values of 0.002, 9.02, 0.0k, and 0.08.

2

n

3. Plot Heg) 4,_,O/He(;] 2,100 V8 52
2
n

4. For 5o = 0.0308, read from the plot Hec] . 7O/Heq'_|2’ 100 = L-011.

Then Hea4,7o = 1.011 Hec]%loo = 1.011(1.12) = 1.13 ft

n2
Plot of Hec], 44 /Hec] 2100 S =
N A
I\ -
ae 1024
10\ AT T
o AT H e
(,°K o N A
\\>6 /{ e}
> .
N //,’,(,/ . i )
1014 :
AN folk b
AT ' ER
- i | :
A ‘\ P i
g 1 1 ANRRE L
‘ — : N s T
GRRNRRRR g VAN RARNRAN AR U AA BRI ApAARSRRNNRRARNANARNRRANNANORY NRANONRY
099, Too01 002 003 004 005 006 0.07 008
2
Values of 2=
So
STANDARD DWG. NO.
REFERENCE U. S. DEPARTMENT OF AGRICULTURE

. ES-177
SOIL CONSERVATION SERVICE sneer_ 8 oF 8

ENGINEERING DIVISION - DESIGN UNIT | pate _2-68
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| SPILLWAYS: Effect of b on Critical Slope h =004

NOMENCLATURE

Sc,q/a = the critigal slope corresponding to
a discharge of Q/h - £t/ft

1508\ Uy
Given:

o An emergency spillway

10.0 e 4 =
b = 50 ft
90 i ) ! n = 0.04
80 R Hee = 6.0 ft
70 NN Determine:
605 N\\ The critical slope, Sc, q/a
v St SR SECE i M \ \\ B

e NN Solution:

50 AN For Hee = 6.0 £t and b = 50 ft, read

Cy
o

w
(=}

o
o

Critical Specific Energy Head, Hec (Corresponding to Q), ft

07 i e
0.5 :
045 i i i R PR (et Pttt
0.015 0.02 0.03
Critical Slope, s ., ft/ft
REFERENCE STANDARD DWG, NO.
U. S. DEPARTMENT OF AGRICULTURE ES - 1'78
SOIL CONSERVATION SERVICE sHeeT_ 1 oF _3
ENGINEERING DIVISION - DESIGN UNIT pate__1-68
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SPILLWAYS: Effect of b and z on Critical Slope Z=1,23and 4
Chart is valid for any value of n. 1'13"7
NOMENCLATURE / ”””
/
s / = the critical slope corresponding to a discharge /
CrQ/4]o 100 : : /
=2 of Q/4 for a spillway with z = 2 and b = 100 ft - ft/ft 110~/
5c,q/4] = the critical slope corresponding to a discharge /
z,b of Q/L for a spillway with side slopes, z, and 2
bottom width, b - ft/ft 2,
N5
/i
Z=1 //
- AR ai e
o™ 1.05 : A
e <
5 QAi" ~ 2>
esOt T e =T -
"”f // 15 //
T -
,/f”” 5 L /’ ’,//’_k_)’i_oj// —
—-—r"“—"‘"—" IR e pu RN I oy 8
L L
1.05 I
-
/’L"\
o LZ=2 A
= ”
— d
-y o
Z‘ /// b=59 ////’
? e B e
N o | b =100
> 10 = e
|——|'¢ ——'“-12-51
= = ]
E ey
s 098
u“—
o
Y 1.03 : e
<] :
% Z=3 2@_ ///
> .55
1 _____v_—_——-/’/ b= 50 -
00 - = - b =100
0.98 me
Z - 4 ‘1’}2//’
1.00 === 5
100
098 . i ~
04505 06 07 08091 2 3 4 5 6 7 8 910 15
Critical Specific Energy Head, Hgc, (Corresponding to Q), ft
REFERENCE ’ , | sranoaro pwe. No.
U. S. DEPARTMENT OF AGRICULTURE ES-178
SOIL CONSERVATION SERVICE sreer_2_or_ 3
ENGINEERING DIVISION - DESIGN UNIT DATE 1-68




SPILLWAYS: Example-Effect of b and z on Critical Slope

EXAMPLE
Given:
Heo = 4.5 £t
Z =1
b =75 ft
n = 0.04
s = 0.0221 (obtained from ES-172)
¢ Q/4}> 100

Water Surface __

/— Control Section

2
= Ve
S 17%g
HEC
I |a
s, = 0.00 ! ¢
TR /A /AN

Determine:
s
4
¢, e/ ]1, 75

Solution:

Use ES-178, sheet 2.
For 2z =1, b = 75 ft, and Hee = 4.5 ft, read

= 1.011
SC’Q/‘*]z,b/SC’Q/"‘]z,loo t

P

Then s - = 1.011{ss ] = (IT@il}beoegl) = 0.0223 —
s Q/4]1,75 S ( c,q/4 2,100) —

REFERENCE STANDARD DWG. NO.

ES-178

U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

ENGINEERING DIVISION - DESIGN UNIT | paye_2-68
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*SPII:LWAYS: Examples Showing the Interrelation of Drawings

ES-170 through ES-178

Given:

EXAMPLE 1

Fmergency spillway bottom profile as shown in figure

Z_ =2
b = 100 ft
n = 0.0)—F
L = 300 ft
vp = 6 ft/sec
Reservoir Water Surface
2z
a He(
5, = 0.00 | ¢
NN/
50"
(1)
Determine:
I. Permissible Hee
II. The discharge, Q, corresponding to the permissible Hg.
III. Critical slope for Q/k, Sc,q/4
IV. The energy head, Hp, above the crest at the distance, L, upstream
from section (1)
Solution:
I. Determine permissible Ha.
Use ES-170, sheet 1.
For s, = 0.0k and vy = 6 ft/sec, read permissible Hg, = 1.28 ft.
II. Determine Q
Use ES-174, sheet 2. o B
For Hepo = 1.28 ft and/p{;/%ﬁomft, read Q = §57 cfs. T T
III. Determine Sc,q/a T ———
Use ES-170, sheet 1 or ES-172, sheet 1.
For Hep = 1.28 ft, read Sc,q/a = 0.0334,
Since the exit channel bottom slope, s,, is greater than S¢ /4’ a
>
control section exists at section (1) for discharges in the interval
Q/k to Q.
IV. Determine H
Use ES-171, sheet k.
For Hep = 1.28 ft and L = 300 ft, read Hp = 1.72 ft.
STANDARD DWG. NO.

REFERENCE

U. S. DEPARTMENT OF AGRICULTURE

SOIL CONSERVATION SERVICE £S-179

sueeT_ 1 ofF _4
ENGINEERING DIVISION - DESIGN UNIT DATE _2-68




SPILLWAYS:Examples Showing the Interrelation of Drawings
ES-170 through ES-178

EXAMPLE 2
Given:
Emergency spillway bottom profile as shown in figure
Z = 5
n = 0.055
L =200 ft
vp = 7 ft/sec
iReservoir Water Surface
TS — | Fir
e 2
—Q\N MY
== 2
iy I I
1| de
s, = 0.00 ]
A\Y NS ANN AN A AN AN AN AN AN AN s
L Q = o)
f 935
(1)
Determine:

I. For b =100 ft, 2z = 2, and n = 0.035
A.  Permissible Hep
B. The energy head, Hp, corresponding to the permissible Hg,

II. The required spillway bottom width, b, assuming that the routing of
the emergency spillway hydrograph yields a maximum discharge, Q, of
450 cfs corresponding to the permissible Hp.

IIT. For the b determined in II, 2 = 3, and n = 0.035
A. Permissible Haq

B. SC, q/4
C. Hp corresponding to the permissible Hgo

Solution:

I. For b =100 ft, z = 2, andn=0055
777 A. Determine permissible Hgo ~ o~
Use ES-170, sheet 1. T
A Since the value of n is not O. O4, the absc1ssa of sheet 1 will

be redesignated as‘[o n0)+]

2 2
For [0-24 S = [8:8;‘5 @.055] = 0.0431 and vy = 7 ft/sec,

read permissible Hep = 1.58 ft.
B. Determine Hy

1. Use ES- 171, sheet 1.
For Hee = 1.58 ft, L = 200 ft, and n = 0.04, read HP = 2.35 ft.

Then the head loss, hp .04, @ssuming n = 0.0k is

he o.04 = Hp ~ Hee = 2.35 = 1.58 = 0.77 ft

REFERENCE STANDARD DWG. NO.
U. S. DEPARTMENT OF AGRICULTURE £5-179

SOIL CONSERVATION SERVICE
sHEET 2 oF 4

ENGINEERING DIVISION - DESIGN UNIT | pate_2-68




SPILLWAYS: Examples Showing the Interrelation of Drawings
ES-170 through ES-178
2. Use ES-176, sheet 1 and a graphical procedure similar to
that used in Example 2 of ES-176.
For Ho, = 1.58 ft, L = 200 ft, and n = 0.035, obtain
hf,0.0SS/hf,O-O‘} = 0.87.
hf,0.0ss = 0-87(he o.04) = 0.87(0.77) = 0.67 ft
The value of Hp adjusted for the n value is given by
Hp = Hee + hf,0.0a5 = 1.58 + 0.67 = 2.25 ft
II. Determine b with z = 3
Use ES-175, sheet 5.
For Hee = 1.58 ft and Q = 450 cfs, read b = 70 ft.
III. For b = 70 ft, z = 3, and n = 0.035
A. Determine permissible Hg.
Use ES-177 and the procedure used in Example 2 of ES-177.
2 _ (0.039)% _ 0.0371
s, 0.033 77
For z = 3, b = 70 ft, and vy = 7 ft/sec, obtain
H = 1.01.
Hec:la,'ro/ ea2,100
H =1.01 H = 1.01(1.58) = 1.60 ft
eq 3,70 ecjz,loo (1.58)
B. Determine Sc, /4
1. Use ES-172, sheet 1.
Since the value of n is not 0.0k, the abscissa of ES-172,
.y . o.ou‘]2
sheet 1 will be redesignated [ 2 Sc, Q/‘gn'
For z =2, b = 100 ft, Heg = 1.60 ft, and n = 0.04, read
Se, q/a = 0-0311.
For z = 2, b = 100 ft, Hee = 1.60 ft, and n = 0.035,
T PLo3slE.
compute s, 0'/"]o.os's _B-Ol‘ Sc, q/4
= {0.766)(0.0311) = 0.0238
2. Use ES-178, sheet 2.
For z = 3, b = 70 ft, and Ho, = 1.60 ft, read
Se, Q/;_Iz,b/scl Q/‘gz,loo = 0.999.
Then s, Q/‘g 8,70 ©.999 SC"Q/‘J 2,100
= 0.999(0.0238) = 0.0238
This is the sq ¢4 for z = 3, b = 70 ft, Hee = 1.60 ft,
and n = 0.035. The exit channel bottom slope, sg, is
greater than Sc, q/4) therefore, a control section exists
at section (1) for discharges in the interval Q/u to Q.
REFERENCE STANDARD DWG. NO.
' U. S. DEPARTMENT OF AGRICULTURE ES-179
SOIL CONSERVATION SERVICE -
sHeeT_ 3 ofF 4
ENGINEERING DIVISION - DESIGN UNIT | pate _2-68




SPILLWAYS: Examples Showing the Interrelation of Drawings
ES-170 through ES-178

Determine Hp

1.

Use ES-171, sheet 1.
For b = 100 ft, z =2, n
Hee = 1. 60 ft, read H =

= 0.0k, L = 200 ft, and
2.37 ft.

Then the head loss, hé]R P assuming the Reference Section is
hﬂRef =Hp = Hoe = 2.37 — 1.60 = 0.77 ft

Use ES-176, sheet 1 and a graphical procedure similar to
that in Example 2 of ES-176.
For Hg, = 1.60 ft, L = 200 ft, and n = 0.035, obtain

hf,o.oas/hf,o.04 = 0.87.
hr o.0ss = 0.87(hf,5.04) = 0.87(0.77) = 0.67 £t
Then Af n = Bf,5.085 ~ Bf,0.0a = 0.67 = 0.77 = -0.10 ft

|

Use ES-176, sheet L.
For Hee = 1.60 ft, L = 200 ft, and b = 70 ft, read

he p/be, 00 = 1.002. (This was obtained from a plot
of b vs he p/hr,100-)

hr 70 = 1.002(hf,loo) = 1.,002(0.77) = 0.77 Tt

Then &hr b = he 7o — hf 100 = 0.77 = 0.77 = O £t
Use ES-176, sheet 6.

For He, = 1.60 ft, L = 200 ft, and z = 3, read
hf,z/hf,z = 0.999. (This was obtained from a plot
of z vs hf,z/hf,z.) ‘ »

he o-=0.999(hr 5) = 0.999(0.77) = 0.77 £t

Then &hg p = he g = hy 5 = 0.77 ~ 0.77 = O £t

The total change in friction head loss, &he, is given by
Ahe =Ahfn+Ahfb+Ahfz=-O.lO +0 +0 = -0.10 ft
Then he = he]p o + 8hp = 0.77 =~ 0.10 = 0.67 Tt

Hp = Hee + hy = 1.60 + 0.67 = 2.27 ft
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