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PREFACE
SECTION 1k

CHUTE SPILIWAYS

The aim of this handbook is to present in brief and usable form infor-
mation on the application of engineering principles to the problems of soil
and water conservation. While this information will be sufficient for the
solution of most problems, other sources of reference material should be
used when applicable.

The scope of the handbook necessarily is limited to phases of engineer-
ing which pertain directly to the program of the Soil Conservation Service.
Therefore, emphasis is given to problems involving the use, conservation,
and disposal of water, and the design and use of structures most commonly
used for water control. Typical problems in soill and water conservation are
described, basic considerations are set forth, and step-by-step procedures
are outlined to enable the engineer to understand a recommended solution.
These solutions will help in training engineers and will promote nation-wide
uniformity in procedures. Since some phases of the field of conservation
engineering are relatively new, further experience may result in improved
methods which will require revision of the handbook from time to time.

This section of the Engineering Handbook has been written by Paul D.
Doubt, civil engineer. Richard M. Matthews and other members of the Design
Section staff have helped materially with the calculations and in the prepa-
ration of charts and examples. This work was done under the general direc-
tion of M. M. Culp, Head, Design Section. A preliminary draft was submitted
to field engineers and others for review. Their suggestions led to improve-
ments in the text and are sincerely appreciated.

Many sources of information have been utilized in developing the mate-
rial. Original contributions are acknowledged in the text.

PREFACE
REVISION OF OCTOBER 1977

This revision removes the references to concrete volumes which appeared
in the original handbook. Concrete volumes for the elements of chute spill-
ways may be obtained by using currently approved computer programs.
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SECTION 1l
CHUTE SPILLWAYS

1. INTRODUCTION

Definitions. Chute spillways are defined as open channels with steep
slopes, in which flow has supercritical velocities. They usually consist of
an inlet, vertical curve section, channel, and outlet. The major part of
the drop in water surface takes place in a channel. Flow passes through the
inlet and down a paved, steeply sloped channel to the floor of the outlet.
(See ES-78, page 2.143.) Various designs and proportions are in use. Fur-
ther research and systematic evaluations of experience with existing struc-
tures will lead to continued improvement in design and proportions. How-
ever, confidence can be placed in the design principles contained herein,
for they are conservative when available information does not permit them
to be stated precisely.

The word "chute" will be used to mean chute spillway.

Component Parts. As mentioned before, a chute is generally composed of
four component parts, namely:

a. Inlet

b. Vertical curve section

c. Paved, steeply sloped channel
d. Outlet

In most instances, these component parts are structurally independent.
Five types of inlets are in common use, three of which are treated in this
section. The five types are:

a. Straight inlet (See ES-82, page 2.13.)

b. Box inlet (See ES-90, ES-91, ES-92, and ES-93, pages 2.31,
2.55, 2.79, and 2.95.)

c. Side-channel inlet (See ES-85, page 2.113.)

d. Culvert inlet (See Fig. la, page 1.2.)

e. Drop inlet or box-culvert inlet (See Fig. 1b, page 1.2.)

Culverts and drop inlets will be considered in the Engineering Handbook
sections on Culverts and Drop Inlets. Figures la and 1b are schematic draw-
ings. No inference concerning the proper proportioning of such inlets is to
be made from these drawings.

Material. Reinforced concrete is by far the most widely used material
for chute construction, and has proved to be satisfactory from the stand-
points of long life and low construction and maintenance costs. This sec-
tion considers only chutes constructed of reinforced concrete.

Purposes. Chutes are used for the following purposes:

a. To control the gradient in either natural or constructed channels.
b. To serve as reservoir spillways for flood-control and water-
conservation structures, and sediment-collecting structures.
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1.3

Methods of determining discharges and hydrographs from watersheds are
discussed in the Engineering Handbook, Section h, Hydrology. Determination
of the rate of runoff or the hydrograph of runoff into the reservoir asso-
ciated with the.chute should be related to:

a. Expected life of the structure, which depends on the quality
and type of material used.

b. Type and amount of damage that would result from various run-
off rates through the chute that are greater than its capacity.

c. Probability or frequency of partial or complete failure as a
result of the lack:of spillway capacity.

The capacity-cost relationship of a chute is such that increasing the
capacity of a chute causes a smaller rate of increase in the cost for con-
crete. Thus, insurance against failure because of a lack of capacity can
be obtained for a relatively small increase in the total cost of the struc-
ture. The initial cost of a chute is usually much lower than the cost of
replacing a chute that has failed completely.

The discharge the spillway is expected to convey is determined from
hydrologic data and possibly reservoir routing and economic considerations.
This discharge Q, is the design discharge. Throughout the Chute Spillway
Section, Qp will be the symbol used to designate design discharge and the
symbol gy will be used to designate the design discharge per foot width of
chute. When routing is considered, the design discharge is dependent in
part on the relationship of the discharge head over the crest of the spill-
way itself. See Engineering Handbook, Section 5, Hydraulics, for methods
of routing floods through reservoirs.






2. HYDRAULIC DESIGN

The hydraulic design of any structure is based on the purposes or objec-
tives it is to accomplish. The purposes for which chutes are used have been
listed. The explicit objective of chutes 1s to convey all discharges equal
to or less than a given design discharge Q, from one elevation to a lower
elevation in a manner which will not cause erosion between the two eleva-
tions. To accomplish this objective, the various component parts of the
chute need to be properly proportioned to perform certain functions. Thése
functions and the hydraulic design of the components are considered in this
part. Sometimes chutes are designed to fulfill additional objectives besides
the one explicitly stated above.

Functions of Inlets. The inlet of a chute has several functions. They
are:

a. Convey and guide all discharges equal to or less than a given
design discharge to the vertical-curve section or steep, paved channel in a
manner that will not cause any appreciable waves in the steep channel of the
chute.

b. Provide a positive cutoff of flow by piping under and around the
chute channel.

c. Permit all discharges equal to or less than a given design dis-
charge to pass safely through the inlet between the spillway crest and top
of the sidewalls.

Further explanatory remarks are made concerning these functions before
the hydraulic design of the three types of inlets are considered.

Standing Waves. Flow of water through the inlet to the steep, vertical-
curve section passes from subcritical to supercritical. (See Engineering
Handbook, Section 5, Hydraulics.) A phenomenon known as "standing waves" can
occur when flow is supercritical. The standing waves can attain heights
several times the average depth of flow and persist downstream, sometimes
almost undiminished in height, through the length of the steep channel.
Standing waves can occur when any one of the following conditions exists in
the steep channel:

a. The walls of the steep channel are not parallel; i.e., the walls
converge or diverge.

b. The walls of the steep channel are not straight; i.e., the chute
is curved in a longitudinal direction.

c. The sidewalls of the steep channel are not vertical; i.e., the
sidewall has a side slope.

d. The bottom of the steep channel is not level in a direction per-
pendicular to the axis of the channel; i.e., the channel bottom has a cross
slope.

e. The direction of flow in the steep channel is not parallel to
the sidewalls.

f. The flow has an appreciably unequal distribution of velocities
(or energy) in a channel cross section.

g. The flow has an appreciably unequal distribution of discharge in
* channel cross section.

h. An irregularity or obstruction exists in the channel.



An example of a standing wave is shown by several photographs. Figure
2 shows a plan view of a reinforced concrete spillway and the approximate
directions in which subsequent photographs were taken. Observe that the
spillway crest is level and is a segment of a circular arc. All flow down-
stream from the crest is supercritical. Figure 2a shows the flow of water
over the crest. The head on the crest is approximately 3.5 ft and the dis-
charge over the crest is approximately 4000 cfs. The direction of flow at
the crest is variable and at any point is in the direction toward the cen-
ter of curvature of the crest. Figure 2b shows a standing wave reflected
diagonally from the far wall. Observe that no flow occurs on a small area
along the near wall. Every condition except conditions (c) and (h), page
2.1, contributes to the development of this standing wave. The channel
walls immediately below the spillway crest are neither parallel nor straight.
The channel bottom immediately below the crest is a warped surface. Flow
over the crest is not in a direction parallel to the sidewalls. The dis-
charge per foot length over the crest is uniform, but is not presented to
the steep channel uniformly; thus, unequal distribution of velocities and
discharge are present in the channel. Figure 2c shows the poor flow condi-
tions through the channel and overtopping of the left wall by a discharge
which is less than 30 percent of the design discharge.

A sharp corner in the sidewall or irregularity or obstruction in the
channel where supercritical flow exists will have no effect on flow upstream
from any such obstruction as long as the obstruction does not induce sub-
critical flow. The effect of any such obstruction in supercritical flow is
to cause a standing wave to occur diagonally from the obstruction downstream
to the sidewall. This standing wave will then be reflected diagonally down-
stream again and again from the sidewalls. These statements are made on the
assumption that no other obstructions are placed to "cancel out" the stand-
ing wave. It is not to be implied that steep channels having curvature in
their alignment or having a cross slope in their bottoms cannot be designed
to function properly. In general, the design of such channels should be
checked by hydraulic model studies.

General Criteria to Accomplish Functions of Inlets. The first listed
function of the inlet can be accomplished if the inlet conveys the water so
that velocity and discharge distribution are uniform at the entrance to the
vertical curve, and the direction of flow is parallel to the axis of the
chute. Uniform velocity and discharge distribution at the entrance of the
vertical curve section require that both the water surface and floor at this
section be level transversely. Uniform discharge distribution requires that
this section be rectangular. The transverse water-surface profile can be
made level by one of the following methods:

a. Providing sufficient length of a level prismatic channel up-
stream from this section. (See ES-82, page 2.13, for example.)

b. Providing a level cross welr of sufficient height at this sec-
tion. (See ES-85, page 2.113, for example.)

Flow by piping can be prevented by construction of an adequate anti-
seep collar.
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Crest of spillway is level and
a segment of a circular arc

Warped channel bottom

PLAN VIEW

Arrows indicate directions photographs were taKen.

FIGURE 2




FIGURE 2b

FIGURE 2c



2.5

A1l the factors presented by the third function are not recognized by
some engineers. Ignoring that the distance between the elevation of the
spillway crest and a maximum water-surface elevation at the inlet is a de-
terminable quantity can lead to appreciably higher structural costs by im-
proper choice of inlet type or chute dimensions. Selection of the type of
inlet 1s not an arbitrary choice nor is the width of the chute. The type
of inlet is determined on the factual basis of:

a. FPFunctional uses
b. Physical conditions of a site
c. Economy

A detailed explanation of methods to determine the type of inlet and its
dimensions is given in part 3. A few limited explanatory remarks in the form
of examples suggesting some of the elements which are involved in this deter-
mination will be made here.

Some inlets are designed for additional functional uses. For example,
a culvert inlet is used to provide a crossing for vehicles, equipment, pe-
destrians, or livestock. As will be seen later, culvert inlets may be used
for other reasons.

An illustration of how the pnysical conditions of a site determines the
type of inlet follows. A site may require that the head over the crest be
restricted to prevent inundation of certain areas or objects. (See page 2.6
for definition of head over the crest.) Whenever the head over the crest is
reduced, the length of the inlet crest must be increased to prevent lowering
the capacity of the inlet. A physical condition which requires that the
head over the crest be small may determine the type of inlet and its dimen-
sions. A physical condition of this type might dictate that a box inlet be
used.

In another example, a site which requires that the spillway be placed
adjacent to or in a steep bank might dictate the use of a side-channel
spillway.

An example in which economics might dictate that a box inlet be used
follows. Frequently a chute is associated with a high or long embankment.
The amount of head required over the crest of the inlet for a given design
discharge has an important influence on the cost of the associated embank-
ment. The amount of head over the crest of the inlet can always be de-
creased without decreasing the inlet capacity by increasing the length of
the crest. When the head over the crest is decreased, the height of the em-
bankment can be decreased by the same amount. If the associated embankment
yardage is of considerable height or length, a large decrease in embankment
yardage is made by choosing a smaller head over the crest. The saving in
cost of embankment yardage may be greater by this choice than the cost of
additional concrete yardage required for a chute with a box inlet.

One other example will be given which involves the use of a box-culvert
inlet. Spillways of reservoirs having large surface areas must be designed
with wave freeboards. When this freeboard becomes large, it might be more
economical to build a box-culvert inlet instead of a box inlet or a straight-
culvert inlet.
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All chutes should be designed with the proper type of inlet and a set
of dimensions in accordance with the basic facts presented by the particular
site. These basic facts are a matter for field determination.

MAVK\VAVAVAV%

Water level in

reservoir il
T"‘;—_ — :<§ { I
He

FIGURE 3

Head over the crest of an inlet is the sum of the depth of water above
the crest and the velocity head at the section near the entrance of the in-
let at which the head over the crest H. is measured. (See Fig. 3.) This
head is the specific energy head referenced to the crest and is measured in
feet. Spillways for reservoirs have a head over the crest He equal to the
difference in elevation of the water surface in the reservoir near the en-
trance of the inlet and the elevation of the crest if friction losses be-
tween the reservoir and inlet entrance are negligible. The head over the
crest corresponding to the design discharge Qp (see part 1) is the design
head over the crest hy.

Water level in Freeboard
reservoir— {[ . NN -
e — I /// ! Il
T - == = —— =A== IWater surface !
—_— — — :13 —
hr Q, - = = =
! T I Crest of inlet

FIGURE 4

Freeboard of an inlet is the difference in the sidewall height h above
the crest and the design head hyp over the crest of the inlet. (See Fig. k4.)
It is measured in feet and is a safety factor to prevent overtopping of the
inlet. The overtopping could be a result of one or more causes. Among the
causes are wave action, inability to predict closely the capacity of the in-
let, decreased capacity of the inlet due to some unpredicted condition (see
definition of capacity, page 2.7), and a larger discharge requirement than
the design discharge Qp due to inability to predict runoff with precision.

Since it is possible to estimate wave heights by Stephenson's equation
or a modification of that equation, the freeboard requirement for wave action
will be considered separately from freeboard requirement for other causes.
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These other causes are common to all structures. The freeboard requirement
of structures in which wave action is anticipated will be the sum of the
freeboard requirement for wave actions and the freeboard requirements for
the other causes. Freeboard requirement for these other causes is known as
no-wave freeboard.

Recommended No-wave Freeboard. Where no wave action is anticipated, it
is convenient to express freeboard in terms of design discharge. It is logi-
cal that the freeboard should be dependent on the design discharge Qp and the
vertical drop Z from the crest of the inlet to the floor of the outlet. The
recommended freeboard f,. for inlets having no wave action expressed in units
of discharge is

fr = (0.20 + 0.003 Z) Qp = Qpi — Qg1 2.1

where Qp = design discharge in cfs

Z = vertical drop from the crest of the inlet to the
floor of the outlet in ft
fy. = recommended freeboard expressed as a discharge 'in cfs

The choice of this safety factor, or freeboard, is somewhat an arbitrary
quantity and for this reason, as well as convenience, capacities of various
component parts of the chute will be given without freeboard.

Recommended Wave Freeboard for Inlets. For inlets in which wave heights
are approximated, an additional freeboard is required. The wave heights may
be approximated by one of the four formulas, 3.8, 3.9, 3.10, or 3.11, page
3.8, Engineering Handbook, Section 11, Drop Spillways. The recommended total
freeboard for inlets of chutes is the sum of the approximated wave heights
and the freeboard recommended for inlets in which no wave action is
anticipated.

Capacities With and Without Freeboard. (See next section, Symbols. )
The distinction in the meanings of the words "design discharge," "capacity,"
and "required capacity" is important. The design discharge Qp is the dis-
charge that the inlet (or chute) is required to convey and is determined by
hydrological and reservoir-routing considerations. The capacity Qg; of the
inlet is the discharge that the inlet is capable of conveying with the rec-
ommended freeboard (see page 2.11) and is determined in part by the dimen-
sions of the inlet. This capacity will be used infrequently in this Chute
Spillway Section of the Handbook. The capacity without freeboard Qp; of the
inlet is the discharge that the inlet is capable of conveying without free-
board. It is greater than the capacity Qgi and is determined solely by the
dimensions of the inlet. The difference in the capacity Qgi of the inlet with
the recommended freeboard and the capacity without freeboard Qpi is the récom-
mended freeboard of the inlet expressed in discharge cfs instead of feet.
The required capacity without freeboard Qp,. 1s the design discharge Qp in-
creased by the recommended freeboard expressed as a discharge. The required
capacity without freeboard becomes

er = Q’I' + fr

or by Eq. 2.1
Qer = (1.20 + 0.003 Z) Qp 2.2
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required capacity without freeboard in cfs

design discharge in cfs

vertical distance from crest of inlet to floor of
outlet in ft

where er

N O
1

The chute spillway is designed to have a capacity without freeboard as
great as the required capacity without freeboard Qgp; thus, the capacity
without freeboard Qpi, Qpy, Qme, and Qo of the various component parts will
all be at least as large as Qp.. This gives each component part approxi-
mately the same factor of safety. The capacity without freeboard usually
will be slightly larger than the required capacity, because only component
parts of even dimensions are considered. A component part of a given size
or set of dimensions will have associated with it a maximum discharge which
it is capable of conveying without freeboard. This maximum discharge is
the capacity without freeboard Qp of that component part which is equal to
or slightly greater than the required capacity without freeboard Qf,, be-
cause the next smaller component part has a capacity without freeboard less
than Qfy.

Symbols. The symbol Q with subscripts is being used for both discharge
and capacity. For instance, the symbol Q with the subscript m is used to
designate the capacity of the chute without freeboard Q. The capacity of
the chute without freeboard is dependent upon the size of the chute or on
the various dimensions of the chute. The subscript i is added to the sub-
script m to designate the capacity of the inlet without freeboard Qp;.
Likewise, the subscript v is added to denote the vertical curve section,
the subscript c¢ to designate the channel, and the subscript o is added tom
to signify the outlet. For example, Qui, Qmv, Qme, Qmo, and Qp are respec-
tively the capacity without freeboard of the inlet, the vertical curve sec-
tion, the channel, the outlet, and the chute as a whole. The capacity with-
out freeboard of the chute as a whole Qp is equal to the smallest of the

values Qpi, Quys Qpes @nd Qpg.

The symbol Qg designates the capacity of the chute with the recommended
freeboard. The value of Qg is dependent on the dimensions of the chute and
the recommended freeboard. The subscripts i, v, c, and o will have the same
meaning as before and Qgi, Qgy, Qges Qgo, and Qg are respectively the ca-
pacity with the recommended freeboard of the inlet, vertical curve section,
channel, outlet, and the chute as a whole. The capacity with the recommended
freeboard of the chute Qg is equal to the smallest of the values Qgi, Qgy,
Qge, and Qgg. Observe that an inlet with given dimensions will have a defi-
nite capacity without freeboard regardless of the recommended freeboard.

The capacity of this inlet with the recommended freeboard is dependent not
orly on the dimensions of the inlet but also on the recommended freeboard.

The dimensions of the straight inlet, namely h, M, and W will be used
to determine the capacity without freeboard of the inlet Qpi. The dimen-
sions M, N, 2, and W will be used to determine the capacity without free-
board of the vertical curve section. The dimensions N and W are used for
determining Qpe; J, I, Z, and W are used to determine Qp, These determin-
ations will be given where the discussions of the various component parts
are made. Since the width of the chute W is used in determining the capacity
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without freeboard for each of the component parts, the symbol g will be used
to denote the discharge per foot width. Likewise, the symbols Apis 9mys 9mes
Amos and g, are used to designate respectively the capacity without freeboard
per foot width of the inlet, vertical curve section, channel, outlet, and the
chute as a whole.

The discharge Q through a chute can be any quantity ranging in value
from zero to the capacity without freeboard Q. If Q is greater than Q,
then the chute is overtopped and the discharge relationships given for com-
ponent parts are not applicable. :

The design discharge Qp is that discharge the chute and each of its
component parts is required to convey with the recommended freeboard. The
required capacity without freeboard Qf, of the chute and each of its com-
ponent parts is obtained by use of Qp in Eq. 2.1. Thus the capacity without
freeboard of each of the component parts Qpmi, Qmv, Qme, and Qmo will be
equal to or slightly larger than the required capacity without freeboard Qfp
because only even dimensioned component parts are considered in evaluating

Qmis Qmys Qmes, and Qpq.

The definition of the few additional symbols will be considered at
their first appearance.
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STRAIGHT INLETS

Design Criteria of Straight Inlet. The straight inlet terminates in
the downstream direction at the origin of the upper curve. (See Fig. 5.)
The actual depth of flow at the origin of the vertical curve if positive
floor pressures are maintained on the vertical curve is between d. and
0.715 d. The depth is governed by entrance conditions to the vertical
curve and will generally be between 0.80 de and 0.715 d. If no vertical
curve were provided downstream from the inlet--that is, a sharp break in
grade existed at the downstream end of the inlet--the depth of flow could
be less than 0.715 d, because of the occurrence of negative floor pressures
immediately downstream from the break in grade. The critical depth of flow
occurs at a section approximately 3 d. upstream from the vertical curve
which provides positive floor pressures. Supercritical flow exists in the
portion of the inlet downstream from the section at which critical depth
occurs. This portion of the inlet will be a prismatic channel to insure
favorable flow conditions at the vertical curve section. The floor (or
crest) of the straight inlet where supercritical flow exists should be
paved for two reasons:

a. Farth channel bottoms are unstable in regions of supercritical
flow and will cause disturbed flow conditions in the steep chute.

b. A concrete floor along with the anti-seep collar provides a
means of constructing a cutoff of flow by piping.

Subcritical Supercritical
Recommended Vv flow flow M ——
Water level in freeboard ?;' ~——Approx. 3d,—=
Breservoir / l( 9 ENNZZNNG VA\VA\V%
i I — : D —T‘
Qsi Head over = ﬁi::::—::===,___\___ M
> Crest —
ZNNZZZN NT/ZZN

FIGURE 5

Discharge-Head Relationship for a Straight Inlet. The discharge-head
relationship of a straight inlet is given by the weir formula

Va2 3/2
Q=3%1W |:H + E—Z——} - 3.1 W HS/2 2.4

where Q discharge of inlet in cfs
W = width of chute or inlet in ft

M. R. Carstens, Free Overflow has Rapidly Varying Characteristics,
Civil Engineering, June 1955, Page 6lL.




H = depth of flow over the crest (or floor) of inlet
in ft (See Fig.5.)

He = specific energy head referenced to the crest of the
inlet or the head over the crest of the inlet in ft

Vg = mean velocity of approach at which the depth H is
measured in ft/sec

g = 32.16 ft/sec®

The coefficient 3.1 will vary for various entrance conditions to the
vertical curve section. Its value is slightly larger when the channel con-
veying water to the inlet is wider than the width of the inlet. The value
5.1 is conservative and its use is predicated on the assumption that He and
Vg are measured in a section having subcritical flow.

Capacity of a Straight Inlet. The capacity without freeboard Qmy of a
straight inlet is determined by the dimensions h, M, and W of the inlet.
The value of h will determine the capacity without freeboard at the crest
dyh Pper foot width of chute. The value of M will determine the capacity
without freeboard qpy at the downstream section of the inlet. The lower
value of qpy and qpy is the capacity of the inlet without freeboard Qi -

The capacity without freeboard at the crest Opp Of the inlet is given
by Eqg. 2.4, page 2.10, when the head over the crest is equal to the height
of the sidewalls.

Gy, = 3.1 h3/2 2.5

where dpp = the capacity at the crest of the inlet without
freeboard in cfs/ft

h height of sidewalls over the crest in ft

Values of Qmh for various values of h are given by Table 1, ES-82,
page 2.1k,

The section at the downstream end of the straight inlet has a sidewall
height M equal to the height of the sidewall of the vertical curve section
at this section. The criteria for determining the capacity OmM 1s given in
the discussion of Vertical Curve Sections, page 2.121. Values of Ay for
various values of M are given by Table 1, ES-83, page 2.125.

As stated before, capacity of the inlet without freeboard dpi 1s equal
to or slightly greater than the required capacity without freeboard Qfp-
Two types of straight inlets are given in the drawing of ES-82, page 2.13.
The essential difference of the two types of inlets is the length of the
inlet. For inlets having a capacity without freeboard of Ami = 20.196 cfs/ft,
the value of M is 3.108 ft. When the capacity of the inlet without freeboarad
is equal to or less than qpy = 16.108 cfs/ft, the value of M is equal to h.
Values of qp; are given by Teble 2, ES-82, page 2.14. The capacities of in-
lets without freeboard Qp; can be read from the graph of ES-82, page 2.15.
The capacity qg; of the inlet can be determined by the relations

L

ami = (1.20 + 0.003 Z) qg 2.6

The capacity ggi of inlets will be equal to or slightly larger than the de-
sign discharge qp.
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CHUTE SPILLWAYS: STRAIGHT

Definition of symbols, Formulas, Dimensions, and Capacities

INLETS

HYDRAULIC FORMULA

Capacity of straight inlet without freeboard
Qpi = Qeq (1.20 + 0.003 2) = 3.1 Wa®/2

Table 1
Capacities at
Crest of Inlet

b Ymh
2.00 8.768
2.25 | 10.462
2.50 | 12.254
2.75 | 1k.137
3.00 | 16.108
3.25 | 18.162
2.50 | 20.298
3.75 | 22.511
4.00 | 24.800
425 | 27.161
4.50 | 29.592
k.75 | 32.092
5.00 | 34.659
5.25 | 37.290
5.50 | 39.986
5.75 | h2.7h2
6.00 | 45.560
6.25 | L8.437
6.50 | 51.372
6.75 | 54.36k
7.00 | 57.412
7.25 | 60.515
7.50 | 63.672
7.75 | 66.882

Table 2
Dimensions and Capacities

DEFINITION OF SYMBOLS i Omi
) ) 2.00 [2.00 | 8.768
h = Height of sidewalls and wingwalls above floor in ft 2.25 | 2.25 | 10.462
h, = Specific energy head at the crest of the inlet corre- 2.50 | 2.50 | 12.25k4
sponding to design discharge Q, in ft 2.75 | 2.75 | 14.137
he,. = Specific energy head at the crest of the inlet corre- 3.00 | 3.00 | 16.108
sponding to the discharge Qr, in ft 3.25 | 3.11 | 18.162
M = Height of sidewall above floor at Jjunction with 3.50 | 3.11 | 20.196
vertical curve section in ft 3.50 | 3.25 | 20.298
bj = Required width of footing at junstion of sidewall and 3.75 | 3.25 | 21.580
wingwall in ft 3.75 | 3%.50 | 22.511
W = Width of inlet in ft 4.00 | 3.50 | 24.120
Z = Vertical drop from crest of inlet and floor of .SAF 4.00 | 3.75 | 24.800
outlet in ft k.25 | 3.75 | 26.7k0
He = Specific energy head at crest of inlet corresponding k.25 1 4.00 | 27.161
to any discharge Q the inlet is capable of convey- 4,50 | 4.00 | 29.470
ing in ft 4.50 | k.25 | 29.592
Q, = Design discharge in cfs k.75 | k.25 | 32.092
Qfr = Required capacity without freeboard in cfs 5.00 | k.25 | 32.27
Qgi = Capacity of inlet in cfs 5.00 | k.50 | 34.659
mi = Capacity of inlet without freeboard in cfs 5.25 | 4.50 | 35.16
Qmh = Capacity of inlet without freeboard at the crest in cfs 5.25 | k.75 5}.290
Quy = Capacity of inlet without freeboard at the origin of 5.50 | k.75 | 38.130
the upper vertical curve in cfs 5.50 | 5.00 | 39.986
Q = Discharge in cfs 5.75 | 5.00 | k1.180
ggi = Capacity per foot width of inlet in cfs/ft 5.75 | 5.25 | bo.7h2
Qpi = Capacity per foot width of inlet without freeboard 6.00 | 5.25 | kk.310
in cfs/ft 6.00 | 5.50 | 45.560
6.25|5.50 | b7.510
6.25 | 5.75 | 48.L37
6.50 | 5.75 | 50.78
6.50 | 6.00 | 51.372
6.75 | 6.00| 54.140
6.75 | 6.25 | Sk.36k
7.00 | 6.25]| 57.412
7.25|6.25| 57.56
7.25|6.50| 60.515
7.50 | 6.50| 61.08
7.50 | 6.75| 63.672
7.75 ] 6.75| 64.59
7.75| 7.00| 66.882
REFERENCE

U. S. DEPARTMENT OF AGRICULTURE ES—82
SOIL CONSERVATION SERVICE
ENGINEERING DIVISION - DESIGN SECTION

STANDARD DWG. NO

SHEET_ 2 of. Y
paTe_February 1954

Revised 10/7T"
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CHUTE SPILLWAYS: STRAIGHT INLETS

Capacities without freeboard in cfs; Qm;
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CHUTE SPILLWAYS: STRAIGHT INLETS, Example

EXAMPLE

Given: Design discharge Qp = 320 cfs for a chute width of W = 12 ft. The vertical
drop of the chute from the crest of the inlet to the floor of the SAF outlet is
31 ft. No wave action is anticipated in the channel upstream from the inlet.
Determine: 1. Dimensions of straight inlet for this chute
2. Recommended freeboard in It
3. Actual freeboard in ft
4. Capacity of this inlet in cfs
Solution: 1. The discharge Qfy the inlet is required to convey without freeboard is

Qpp = (1.20 + 0.003 Z) Qp
Qpp = [1.20 + (0.003)(31)] (320) = 413.76 cfs

a. The available inlet having a width of W = 12 ft capable of conveying this
discharge without freeboard as read from sheet 3 is h = 5.00 ft; M = 4.50 ft. This
inlet is capable of conveying 416 cfs without freeboard Q

b. This calculation can also be made by determining the value of q, = 1% , then

App = (1.20 + 0.003 2) q,
Q. = [1.20 + (0.003)(31)] (512—20 = 34 .48 cfs/ft width

The available inlet capable of conveying this discharge according to table 2 sheet
2 is again h = 5.00 ft; M = 4.50 ft

2. The recommended freeboard is the difference in the specific energy heads at
the crest required to discharge Qp,. and Qp. The specific energy head h, at the crest
required to discharge the design discharge Q. is

Q. = 3.1 %/
M Q. q2/s 520 2/s .
n= 53w - G| - .20 £t

The specific energy head hg, at the crest required to discharge the recommended free-
board discharge Qgp, is

- Q ~2/s Cis 76 2/a
N P o N 25 PN (ST -
bee =31 W = {_(5.1)(12£‘ =497 £t
The recommended freeboard is hp, — h, = 4.97 — 4.20 = 0.77 ft
3. The actual freeboard is the difference in the height of the sidewall above the

crest and the specific energy head h, et the crest required to discharge the design
discharge Qp

h—h, =5.0~4.20=0.80 ft

L. The capacity of the inlet Qg; is the discharge the inlet is capable of dis-
charging with the recommended freeboard

Qui = 3.1 /2 Qui = (1.20 + 0.003 2) Qg
1)(12)(5)%/2 = 115.9 et Qoi = +15.9 _ %21 ofs
s = (3- 5/ = 5.9 cfs si = 7.20 + 0.005 (31)
REFERENCE STANDARD DWG.NOQ.

U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE ES-82

ENGINEERING DIVISION - DESIGN SECTION sEeT_4 oF 4
paTe_February 1954

Revised 10/77
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BOX INLETS

Each of the drawings, ES-90, ES-91, ES-92, and ES-93, pages 2.21, 2.55,
2.79, and 2.95, pertains to a different variation of box inlets. Nomencla-
ture is given on the drawings.

On developing the spillway crest onto a plane (i.e., unfolding the side-
walls into the same plane as the endwall) a rectangular weir having a crest
length of (2 B + W) will be obtained for the box inlets illustrated by ES-90
and the corresponding value for ES-91 is (2 B + W + 1). The weir crest of
the type illustrated by ES-91 has a six-inch radius rounding on the down-
stream edge. The development, onto a plane, of the weir crests of box inletc
illustrated by ES-92 and ES-93 yields a trapezoidal weir with a level crest
length of (2 B + W) and 3 to 1 sloping sides and the corresponding value for
ES-93 is (2 B + W + 1). TFor convenience in presentation, the varistions of
box inlets are classified in the following manner.

Classification of variations of

Drawing No. box inlets Page
ES-90 flat-rectangular weir box inlet 2.31
ES-91 rounded-rectangular weir box

inlet 2.55
ES-92 flat-trapezoidal weir box inlet 2.79
ES-93 rounded-trapezoidal weir box

inlet 2.95

Box inlets are usually used in association with large embankments or
excavations when wave freeboard requirements are small. In some instances,
they are also used because s Physical condition requires the head over the
crest to be restricted to a small value. Elsevwhere they may be used to
facilitate drainage of perched water or to provide an outlet for a subsur-
face pipe.

il -

:

—_—— = 4

SEREN

.

Origin of upper
vertical curve

FIGURE 54
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Design Criteria of Box Inlets. The nappe over the box inlet crest
falls free of the sidewalls and endwall. The space between the nappe and
its sidewall is partly or wholly filled with water having a helical motion
about a horizontal axis. There is considerable disturbance in the water
surface and uneven distribution of velocities and discharges in the basin
immediately downstream from section B. (See Fig. 5A.) The flow will have
acceptable velocities and discharge distribution at the entrance to the
steep channel, section M, if that portion of the inlet from section B to
section M has

a. a prismatic rectangular channel cross section with a level
floor
b. a minimum length of 3 d,

This critical depth d. 1s associated with the capacity without freeboard
Qpi in this prismatic portion of the inlet. These two criteria are based
on preliminary model studies.?t

The head-discharge relationship is dependent on the type of flow con-
dition which exists for the discharge conveyed by the box inlet. An under-
standing of flow conditions which exist for a given head Hg over the crest
is important in determining head-discharge relationship. Flow through a
box inlet is either of two flow conditions, both of which may be subdivided
into two subcategories. A qualitative description of these flow conditions
follows the brief outline.

I. A free-flow condition exists at the crest of the box inlet. 1In
other words, the discharge through the box inlet is not dependent on the
depth of the box D. This discharge may be determined by only the crest di-
mensions B, W, and He; i.e., the discharge is controlled by the crest.

1. The discharge over the crest of the inlet is dependent only
on the length of the developed weir (2 B + W) or (2 B + W + 1) as the case
mey be, and the head over the weir He and is determinable by the weir formula.
Here only two dimensions, Hg and the total length of the developed weir, are
required to determine the discharge.

2. The discharge over the crest of the inlet is not determin-
able by the weir formula but is dependent on the values of Hg, W, and B.
The discharge is less than that which would be predicted by the weir formula.
This situation arises because the head over the crest He is so great that the
flow over the crest behaves more as an orifice flow and the flow in the open-
ing between the sidewalls above the crest may be loosely compared to flow
through a weir with a length W. Three dimensions, He, B, and W, are required
to determine the discharge for this flow condition.

II. Submerged flow conditions exist at the crest of the inlet. This
makes the discharge through the box inlet dependent on the value of D. Sub-
merged flow conditions exist if the water-surface elevation downstream from
the crest influences the discharge.

lConducted by Mr. Fred W. Blaisdell, Hydraulic Engineer, ARS, St.
Anthony Falls Hydraulic Laboratory.
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1. The discharge is dependent, in part, on a high tailwater
which results from a shallow box (i.e., small D) when the outflow from the
downstream end of the box inlet is unsubmerged. The submergence at the crest
15 caused by a shallow basin in which the water-surface elevation at the up-
per end of the basin is sufficiently high to affect the discharge over the
crest. In this case, if the depth of the box were increased sufficiently,
free-flow conditions at the crest would be obtained. The four dimensions B,
W, Hg, and D are required to determine the discharge of this flow condition.

2. The discharge is dependent, in part, on a high tailwater
caused by channel conditions or obstructions downstream from the structure.
This condition does not exist in a properly designed inlet for a chute spill-
way. It may occur in a box drop spillway.

Free-flow conditions exist at the crest of a box inlet whenever the tail-
water downstream from the crest has no effect on the discharge. The tailwater
in the basin will have no effect on the discharge when it has a sufficiently
low surface elevation. When free-flow conditions exist at the crest of a box
inlet, the dimension D can be increased without influencing the discharge Q;
such a change would merely lower the elevation of the tailwater. Both sub-
categories of free-flow conditions have discharges dependent only on the
values of the head over the crest He and the dimensions of the crest B and W.
Thus, the crest of the box inlet is said to control the discharge when free-
flow conditions exist at the crest. As the head over the crest He increases
from zero, the discharge for free-flow conditions is defined by the weir for-
mulas, Eq. 3.7, 3.8, 3.9, and 3.10, until the head He becomes large compared
to W. Only the total value of (2 B + W) or (2B + W + 1), as the case may
be, and the value of He are the two values required to determine the dis-
charge Q for free-flow conditions for subcategory 1 in which the weir formula
is applicable.

When the head over the crest He is large compared to W, the weir formula
predicts the discharge over the crest greater than the actual discharge Q.
This actual discharge Q is dependent only on the three variables He, B, and
W for free-flow conditions of subcategory 2 in which the weir formuls is not
applicable. The demarcation between the subcategories of free-flow condi-
tions is given by the empirical relations Egs. 3.7b, 3.8b, 5.9b, and 3.10b
when the value of B/W is small.

Submerged flow conditions at the crest exist in a box inlet whenever the
tailwater has an effect on the discharge over the crest of the inlet. Sub-
mergence 1s caused by a tailwater elevation about equal to or greater than
the elevation of the crest of the inlet. The high tailwater may be caused
by either a shallow box (i.e., a small value of D) or by channel conditions
downstream from the inlet. The discharge of a box inlet with a submerged-
flow condition at the crest but with a free-flow condition at its outlet is
e function of the head over the crest He, the dimensions of the crest B and
W, and the depth of the box inlet D. Thus four variables are required to
define the discharge of a box inlet having a submerged flow condition caused
by a shallow box depth D.
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When the submerged flow condition is the result of a high tailwater
caused by conditions other than a shallow depth D, the five variables Hg,
B, W, D, and t, are required to determine the discharge Q. The variable t
is the depth of the tailwater above the floor at the outlet section of the
box inlet. Observe that the classification of flow conditions through a
box inlet has been divided into categories according to the number of vari-
ables required to determine the head-discharge relationship. The determina-
tion of a discharge in a box inlet requires two to five variables (dimen-
sions) according to the category of existing flow conditions.

Generally, if submergence at the crest occurs as a result of a shallow
box, the various categories of flow will appear in the following order as
the head over the crest is increased from zero: First, crest control in
which the head-discharge relationship is determined by the weir formula;
second, crest control in which the head over the crest He is large compared
to the width W and the head-discharge relationship is not determinable by
the weir formula; third, submergence at the crest as a result of a shallow
box. Very often the flow will pass directly from the first to the third
flow condition because the head He has not become great compared to W before
the submergence of the crest occurs. This can happen when the dimension D
is small.

When the approach channel to the box inlet is narrow, the discharge of
the approach channel and box inlet is less than that of a wide channel and
box inlet. Likewise, whenever the toe of the dike over the headwall of a
rectangular inlet is near the crest, the head-discharge relationship is
materially changed from that relationship for discharge-head having no dike
effect.

Capacities. Box inlets to chutes should be proportioned to produce
free-flow conditions at the crest. Therefore only the head-discharge rela-
tionship of box inlet having free-flow conditions are considered. The dis-
charge-head relationship for the four variations of box inlets with various
approach channel conditions are given in drawings ES-90, ES-91, ES-92, and
ES-93. These values are based on the experimental model results of Fred W.
Blaisdell and Charles A. Donnelly, Hydraulic Engineers, ARS, St. Anthony
Falls Hydraulic Laboratory. The discharge-head relationship shown by these
charts are only for free-flow conditions at the crest of the box inlet. The
values of Dy as given by these charts are minimum values of the depth of the
box inlet required to insure crest control. The value Dy may be increased
from that shown without affecting the discharge Q. Decreasing the value of
D, from that shown will decrease the discharge and submergence at the crest
will occur at the discharge Q shown by the chart.

The following weir formulas give the discharge-head over the crest re-
lationship for only those box inlets having wide approach channels and no
dike effect. Sheets 5, 6, and 7 of drawings ES-90, ES-91, ES-92, and ES-93
are a graphical solution of Egs. 3.7, 5.8, 3.9, and 3.10, respectively. The
weir formula for a flat-rectangular weir box inlet is



Q=3.1(2B+W) Hes/2 when  3.7a W
0<He S 0.49W + 0.04B and 3.7
0<@qs5.5w/2 and 3.7c
u > > 3.7
P© - 3% 4+ 2 &gﬁfjfﬁﬂ =0 where 3.74 ‘
1/3 2/3
. W
128 Dr _yz21 | 3.7e
Q3/3 ~
The weir formula for a 6-inch radius rounded-rectangular weir box inlet is
Q=31(2B+W+2) Hes/2 when 3.8a )
0 <Heg S 0.9 W+ 0.0 B+0.51; (Wzhft) and 3.8b
0<Qs5.5 W+ 1)52 and 3.8¢
) > 3.8
w3—3w+2——‘l+—1—- =0 where 3.8d
2B+ W+ 2 ’
1.2 g*/® y2/3
g Pr_y21 3.8e
qa/3 J
The weir formula for flat-trapezoidal (zy:1 side slopes) weir box inlets is
Q=3.1(2B+W+ 0.8 25 He) He3/2 when  3.9a ")
0.49 W 0.0% B
0 <He ® 7001625 ¥ T=0.016 2o and 3.0
0<Qs5.5w/2 and 3.9¢
. > 3.9
Y- 3¢+ 2 L =0 wh 3.9d
2B+ W<+ 0.8 zg Ha| ere 3.9
1.2 g*/3 y2/3
g Dr =¥ z1 3.9e J

Q2/3

(210-VI-NEH-14, Amend. 1, September 1985)
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The weir formula for a 6-inch radius rounded-trapezoidal (zg5:1 side slopes)
weir box inlet is

Q=3.1(2B+W+2+0.8 zg He) Hes/2 when 3.10a )
0.49 W 0.0k B 0.51
< =
O <He = 7—05016 Zo © 1 - 0.016 zo ' I - 0.016 zg
(W=zU ft) and 3.10b
0<qs5.5w/2 and  3.10c [~ >+10
¥ -3 %+ 2 W+l = =0 where 104
2B+ W+ 0.8z25He +2| 2

1.2 g¥/3 y2/3 p

r = w 2 1 5.108)

Qz/e
where Q = the discharge for free-flow condition at the crest of the box

inlet in cfs
He = the head over the crest of the box inlet in ft
W = indide width of the box inlet (distance between the sidewalls)
in ft
B = inside length of the level portion of the crest on one side of
the box inlet in ft
Dy = required depth of box inlet, distance from the crest to the
floor, causing impending submerged-flow conditions at the
crest in ft
zo = side slope of crest of weir of the box inlet
Only Eq. 3.7 and ES-90 will be discussed, but the same discussion 1is
applicable to Egs. 3.8, 3.9, and 3.10 and ES-91, ES-92, and ES-93. Equations
3.7b and 3.7c give the intervals of values of He and Q in which the weir for-
mula Eq. 3.7a for box inlets is applicable when D is chosen sufficiently
large. The upper limit of He given by Eq. 3.7b is the greatest value of Hg
for which the weir formula is applicable. Values of He greater than this
upper limit of He represent a flow condition of the second subcategory listed
under free-flow conditions at the crest. The limitation of the discharge Q
imposed by Eq. *.7c is the result of lack of experimental data to confirm the
validity of Eq. 3.7a for the larger values of He associated with the large
values of B/W. The depth Dy required to cause impending submergence at the
crest of the box inlet is determinable by the cubic equation 3.7d. Equation
3.7e gives the rcot of Egq. 3.7d which is to be used.

The graphical solution of Egq. 3.7 is given on sheets 5, 6, and 7 of
ES-90. The region represented by the graph is for free-flow conditions at
the crest. Another type of graph would be required to represent flow condi-
tions involving submergence at the crest. The clear portion of this graph

(210-VI-NEH-14, Amend. 1, September 1985)
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defines the discharge in accordance with the weir formula Eq. 3.7a. The
stippled region is for free-flow conditions for which the weir formuls, does
not predict the proper discharge. Formulas for this region have not been
included because of their complexity.

The validity of Egs. 3.9 and 3.10 is partially confirmed by experimental
results obtained by Mr. Neal E. Minshalll and the results obtained under the
direction of Dr. Arno T. Lenz at the University of Wisconsin.?

Capacity. The capacity without freeboard Qpi of a box inlet having
free-flow conditions at the crest, a wide approach channel, and no dike ef-
fect is determined by the dimensions h, B, D, W, and M of the inlet. The
values of h, D, B, and W will determine the capacity without freeboard at
the crest Qyn. The value of D is to be sufficiently large to insure free-
flow conditions at the crest (i.e., D=z Dr) as given by sheets 5, 6, or 7
of ES-90, pages 2.35, 2.36, and 2.37. The capacity without freeboard at
the crest Qp is equal to the discharge Q of the box inlet when the head over
the crest He is equal to h. The value of M and W will determine the capacity
without freeboard Qpy at the downstream section of the box inlet. The lower
value of Quy or Quv is the capacity of the inlet without freeboard Qpsi -

Head-discharge Relationship for Box Inlet with Narrow Approach Channel.
When the approach channel to the box inlet is narrow, the discharge-head re-
lationship of the channel and box inlet is changed from the discharge-head
relationship of the box inlet alone as given by sheets 5, 6, and 7 of ES-90,
or Eq. 3.7. The discharge Qg of a box inlet having a narrow channel and a
given head over the crest is less than the discharge Q for the same box in-
let located in a wide channel or reservoir and operating with the same given
head over the crest. Further, the discharge Qg of a box inlet having a
narrow approach channel is not greater than that discharge of the narrow
channel terminating with a free overfall. The relationship of Qg and Q is

Qg = K Q

where Qg = the free-flow discharge of a given box inlet in a narrow chan-
nel and a head over the crest of Hg in cfs
Q = the discharge of the given box inlet as given by sheets 5, 6,

or 7 of ES-90 (pages 2.35, 2.56, and 2.37) with the same
head over the crest Hy in cfs

K = correction factor as given by sheets 9 and 10 of ES-90 (pages
2.39 and 2.40). The value of K is a measure of the effi-
ciency of the narrow approach channel and box inlet compared
with the box inlet alone.

lMinshall, Neal E., Evaluation of Wisconsin Gully Control Structures,
Agricultural Engineering, January 1955.

“Bastian, R. K., Olson, E. G., and Plautz, F. L., Model Test of Head
Spillway, Thesis No. 463, June 1953.
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Q
When the values of We, B, He, and W are given, the value of K
W Hes/z
may be read from either sheet 9 or 10 of ES-90. The actual discharge QK may
QK
be calculated since —__§:7§ ; Heg, and W are all known. Also the value of K
W He

Q

may be read instead of ———K:7£ and from sheets 5, 6, or 7 the value of Q de-
W He

termined. Then it is possible to determine the value of Qg = K Q. Either

method of solving for the value of QK will give the same results.

We + 0.8 zg He

Along the curve K = 0.97, a scale of values K = W has been
given. These values are associated with values of W, which have the effect
of a three percent decrease on the discharge, since K = 0.97 and the discharge
of the box inlet with the approach channel width considered Qg becomes equal
to 0.97 times the discharge of the box inlet with no narrow channel effect Q.
Theoretically the value of W, would need to be infinitely great to have no
effect on the discharge.

Since it would be possible to obtain the discharge of a box inlet when
the weir formula is applicable from sheets 9 and 10 if the line K = 1 were
drawn the purpose of sheets 5, 6, and T appear at first glance to be a repe-
tition of data. Quite to the contrary, sheets 5, 6, and 7 defined the depth
of the box inlet D, at which impending submergence of the crest occurs and
also showed by the stippled region the values of B, W, and He for which the
weir formula is not applicable in defining discharge. Sheets 9 and 10 are
applicable for only box inlets having values of W, B, Heg, and D with free-
flow conditions at the crest in which the welr formula is applicable.

With the same head over the crest Heg, a box inlet having a narrow ap-
proach channel does not require as great a depth of the box inlet Dy to
prevent submergence of the crest as does the same box inlet located in a

D
wide approach channel. The value WF'which would cause impending submergence

of the crest at a given head Hy for box inlets located in narrow approach

channels may be determined at the point of intersection of the 5?2 line and
W

the % line of sheets 5, 6, or 7 of ES-90.

Box Inlet with Dike Effect. Whenever the toe of the dike covering the
headwall of the rectangular weir box inlet is a small distance X from the

crest of the drop inlet, the discharge-head relationship is changed from that
given by sheets 5, 6, or 7 of ES-90 or Eq. 3.7.

The actual discharge Q) of a flat-rectangular weir box inlet having a
dike and narrow channel which influences the discharge may be found by use
of the graph given by ES-90, pages 2.41 through 2.43. Only rectangular weir
box inlets would have dikes near weilr crest; a trapezoidal weir box inlet
has its weir projecting upstream from the embankment through which the water
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is conveyed. The trapezoidal weir box inlet has an anti-seep collar near the
center of the structure instead of a headwall, which is used in the rectangu-
lar weir box inlet as an anti-seep collar and end of the weir section. A
good way to calculate the discharge Q) is to draw a plan view of the weir
crest and the first approximation of the effective toe line of the dike.

(See sheet 20, ES-90.) The crest of a flat-rectangular weir box inlet in
plan view 1s colncident with the downstream face of the vertical walls form-
ing the box. The crest of a rounded-rectangular weir box inlet in plan view
is a line upstream a distance equal to the radius of rounding from the down-
stream face of the vertical walls forming the box. (See ES-91, page 2.Tk.)
The effective toe location of the dike covering the headwall is dependent upon
the head over the crest He and lies between the actual toe of the dike and
the water line on the dike corresponding to the head He. The actual toe of
the dike is the line formed by the intersection of the horizontal plane at
crest elevation and the dike. The effective toe line for a dike having a

zg to 1 slope is located a distance 0.4 zg He from the toe of the dike. (See
ES-90, page 2.50.) The symbol N is used to designate the distance from the
crest of the box inlet to the effective toe of the dike. This distance is
measured in a direction perpendicular to the crest. This distance is

n=X+ 0.4 zg Ho. The symbol B is used to designate the incremental dis-
tance parallel to the sidewalls of the weir between successive values of 1.
The incremental lengths B are numbered by subscripts in an upstream direc-
tion. The subscripts of 7 pertain to end sections of B and are numbered in
an upstream direction starting with the subscript o at the headwall. The bar
over n, i.e., W, designates an average value of 7 for the particular incre-
mental length B under consideration and the subscript of T equals the sub-
script B when 7 is associated with the same incremental length B. The value
of ﬁi is the average of U P and ny- For the incremental distance B; the

associated average distance to the effective toe of the dike from the crest
of the box inlet 7 is

The value of ﬁi is to be selected as a small value when TNy, is large.

The subscripts of M's and B's are equal when the 7 and B values are associ-
ated with the same incremental portion of the inlet. Therefore the average
distance to the effective toe of the dike from the crest of the box inlet 7
are also numbered by subscripts in an upstream direction from the headwall.

Determination of the value of Q). Values of He, B, W, X's and B's are
glven when the value of Q) is to be determined. The values of T, correspond-

ing to the values of B; are determined when the head over the crest through
each incremental distance is assumed to be He. The value of Q) for this
assumption 1s determined in the following manner:

My P1
ia. Find the values of T; and p, corresponding to ir-and W

from ES-90, pages 2.41 to 2.43, where

- o+ M
W ="5—
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n
b. Find the values of T, » and H, , corresponding to T, and T?
T
iia. Find the values of T, and M, corresponding to W and T, where

62
To = T + Tl,2

, n
b. Find the values of T, g and M, 5 corresponding to T, and T?

Repeat steps iia and iib increasing the subscripts by unity for as many times
as is required to reach the subscript n where

By + B+ ¢ ° "+ Bp= B
When the last value Pp is used in step iia, it will not be necessary to per-
form step iib; that is, the value of Tn,n+l is not required nor is it pos-

n
sible to obtain since no value of %:l is given., If the assumption that Hg

remains constant is valid, the actual discharge Q) of the rectangular-weir
box inlet is

Q= (3.09 + T) W He3/2

The head over the crest at the upstream section i of the incremental length
Bi varies throughout the length B of the box inlet i1f the dike causes and
effect on the distharge through the box inlet. Since' it is impossible to
determine this head without first knowing the discharge, which is also being
determined, an approximate Q) is first determined by assuming the head at
each section i to be constant. After determining this approximate Q) the
heads at the upstream section i of each incremental length B; are determined.
The section n has the given head over the crest He. The head Hey over the
crest at any section i is

. . M
i,i+1 i+1,i+2 n-i,n
2 X 21— x ¢ x —2—

i ui+1 n-1

The effective toe line of the dike covering the headwall is relocated using
the values of Hey at each upstream section of the incremental lengths f;.
The new values of 7; are calculated and steps ia, ib, iia, and iib are per-

formed again for these new values of . (See Ex. 7, page 2.49, ES-90.)
" , ,

Determination of the value of B. Design problems will generally have
the dike size given; that is, values of 's and B's along with Qgp, W, and
h. The value of B is determined which will convey the discharge Qf, when
the head over the crest He = h.

The effective toe of the dike is determined corresponding to the head h
as illustrated by the drawing ES-91, page 2.7%. The calculations for the
value of B for a flat-rectangular box inlet are performed by the following
step procedure.



2.29

i. Determine the value of T,. This is the final value of Ty
required.
Qr
T, = —=— — 3.09
W nd/2
n p

iia. Find the values of T, and M, corresponding to 3% and T, = T

by pages 2.41 to 2.43. If T, < T,, then the required B > B,; perform step
iib and iiia. If T; > T, then the required B < B.5; perform step iv.

M
b. Find the values T1,2 and Hi,o corresponding to T; and T% .

iiia. Determine the value of T,

Po

2= T2 Ty

o =

il
and find the values of T and M, corresponding to T, and W? . IfT, <7y

repeat steps i1ib and iiia increasing the subscript by unity for as many times
necessary to attain a value of T > Tn and perform step L.

Ni

iv.  Find the value of T; corresponding to 5 and Tp where
RS FSTE Bl

The value of B becomes
B=PB1 +B+ " " " + B4

The head over the crest varies throughout the length B of the box inlet. The
head over the crest at any section i is

A M, .
1,1+1 1+1,1+2 n-i,n
bl X - ) X . . . 2

My My M1

The effective toe line is relocated using the corrected head over the crest
for each incremental length B. New values of T are calculated and steps ii,
iii, and iv are performed again. See Ex. ', page 2.73, ES-9Ol.
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CHUTE SPILLWAYS: FLAT-RECTANGULAR WEIR BOX INLET; General
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CHUTE SPILLWAYS: FLAT-RECTANGULAR WEIR BOX INLET;

Effect of narrow

Hydraulic formulas are given on sheet 4.

Capacities for this structure with narrow approach
channel are given by sheets 9 and |0.

channel and dike on discharge.
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Capacities of this structure with dike effect are given
by sheets I1,12,and I3.

Required depths of box inlets are given by sheets
5,6,and 7.

(See sheet 1 for isometric view)
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CHUTE SPILLWAYS:FLAT-RECTANGULAR WEIR BOX INLETS;

Definition of symbols

(QK)mi = Capacity without freeboard of a box inlet and narrow approach channel of width W, and downstream end section

DEFINITION OF SYMBOLS

Inside length of the box inlet measured from the downstream face of the endwall to the upstream face of the head-
wall in ft

Depth (i.e., distance from the crest to the floor) of the box inlet in ft

Required depth of box inlet to prevent submergence at the crest when the discharge is Q in ft

Height of sidewalls above the crest of the box inlet in ft

Height of embankment above the top of sidewalls in ft

Specific energy head asbove the crest of the inlet corresponding to any discharge Q the inlet is capable of con-
veying in ft

Indices used for B, n, %, 7, and T

Qx

T

Length of developed crest = 2B + W

Height of sidewall above the floor of the box inlet at the Junction with the vertical curve section in ft

Discharge per unit width W or q = % in cfs/ft

Discharge corresponding to the head He of a box inlet having no narrow approach channel or dike effect in cfs

Design discharge in cfs

Required capacity without freeboard in cfs

Capacity of inlet in cfs

Capacity of inlet without freeboard in cfs

Capacity of inlet without freeboard at the crest in cfs; discharge Q = Qun when He = h

Capacity of inlet without freeboard at the origin of the upper vertical curve in cfs

= Capacity without freeboard of a box inlet at the crest when a narrow approach channel is considered in cfs.

The discharge Q = (Qx)mh‘when He = h.

= Discharge corresponding to the head He of a box inlet having a narrow approach channel in cfs
= Discharge corresponding to the head of He of a box inlet having dike effect in cfs

[T I T TR T T '}

having a sidewall height M in cfs
mh = Capacity without freeboard of a box inlet at the crest when a narrow channel and dike are considered in cfs.
The discharge Q) = (Qk)mh when He = h.

(Qy) = Capacity without freeboard of a box inlet when a narrow channel and dike effects are both considered as well
N mi
as the downstream section having a sidewall height M in cfs
t, = That portion of the top width of the embankment covering the headwall upstream from the upstream face of the
headwall in ft
W = Width of inlet in ft
We = Bottom width of the approach channel for the box inlet in ft
z, = Side slope (horizontal distance per vertical foot) of approach channel
zg = Side slope (horizontal distance per vertical foot) of dike covering the headwall in the direction towards the
crest of the box inlet. (See sheet 2)
zy = Side slope (horizontal distance per vertical foot) of dike covering the headwall in an upstream direction. (See
sheet 2)
X = Distance of the toe of the dike covering the headwall from the crest of the box inlet in ft
Z = Vertical drop from the crest of the inlet to the floor of the SAF outlet in ft
B = An incremental length of distance B in ft (see figure, sheet 20)
We + 0.8
k = Ratio ret 0O Zc He
Q W
A
A= T
T = See formula sheet 4 or sheets 11 and 13
T = Values read on chart of sheets 11, 12, and 13
n = Distance between effective toe of dike covering the headwall and the crest of the inlet in ft
N = Average distance of effective toe of dike covering the headwall from the crest of the box inlet in the incremental
length g in ft
1/3 2/3
¥ = E;E_E_——-!—i- D, where ¥ > 1 (see equations, sheet 4)
Q3 .
He
7 = Ratlo T
D
) = Ratio T
u = Values read from graph of sheets 11, 12, and 13
REFERENCE

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

SOIL CONSERVATION SERVICE ES-90
SHEET 3 OF 24
ENGINEERING DIVISION - DESIGN SECTION DATE - 455

(210-VI-NEH-14, Amend. 1, September 1985)
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CHUTE SPILLWAYS : FLAT-RECTANGULAR WEIR BOX INLETS ;
Formulas

FORMULAS

The relationship of the discharge-head over the crest for a flat-rectangular weir box inlet having
a8 wide approach channel and no dike effect is

Q=31 (2B+W) B2 when
0 <Heg s 0.b9 W+ 0.04 B and
0<Qqs 5.5W/2 and

W 2
P39 +2 [2 5 w] =0 where

These relations are expressed in graphical form by sheets 5, 6, and 7 where

D H
5 = 1; and 7 = 1?

values of He3/2 and W5/2 are given on sheet 8. When He > 0.49 W + 0.04 B, no algebraic relation-
ship is given. The last two relations are a requirement of the velue of D to prevent submergence
of the crest. The relationship of the discharge-head over the crest for a flat-rectangular weir
box inlet having a narrow channel effect but no dike effect is

QK'KQ

where the value of K 1s obtained from sheets 9 and 10. The value of Qg may be obtained from sheets
9 and 10 without determining the value of K. The value of k is

‘ We + 0.8 z¢ He
-——w——-

The discharge-head relationship of a flat-rectangular weir box inlet having & narrow channel and
dike effect i1s given in graphical form by sheets 11, 12, and 13.

Q= A Q

The effective toe of the dike is a distance of 0.4 zg H, (or 0.4 zy H,) from the toe of the dike.
At the headwall the effective toe of the dike 1s a distance o from the crest of the spillway or

= L - i+1 i
N, = X+ 0. 2g He and M, = —p—
and

By + B+ " " +PBy+° " +p, =8B

where the subscript n is equal to the integer designating the number of increments considered in
the length B. The increments B are numbered by subscripts in an upstream direction. The sub-
scripts of 1 pertain to the end sections of B and are numbered in an upstream direction starting
with the subscript o at the headwall. The subscript of 7 equals the subscript of B when 7 is
associated with the same incremental length B.

T, = %% and Ty o= Tia1,1 * %% where is2

n
The value of Tio1,d is read from sheets 11, 12, and 13 at Ty_, and 1} The values of u are used

to determine the head over the crest at the various sections along the length B and to determine
the location of the effective toe of the dike. The head over the crest at section 1 is

H H H
1,i+1 X i+1,1+2 x ¢ o » D710

m

He 4 = He
! ui ui+1 n-1

The actual discharge Q, 1is

Q.
T .09 =
n+3.09 W Hea72

REFERENCE ,
U. S. DEPARTMENT OF AGRICULTURE STANDARD DWG. NO.
SOIL CONSERVATION SERVICE ES-90
ENGINEERING DIVISION - DESIGN SECTION | SHEET 4 OF 24
DATE  6-4-55

(210-VI-NEH-14, Amend. 1, September 1985)



CHUTE SPILLWAYS: The discharge-head relationship for a FLAT- 3=3v_f
RECTANGULAR WEIR box inlet with free-flow conditions at the crest He
and no dike or channel effects. 7w
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CHUTE SPILLWAYS: The discharge-head relationship for a FLAT- 3=%f_
RECTANGULAR WEIR box inlet with free-flow conditions at the crest He
and no dike or channel effects. "W
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CHUTE SPILLWAYS : FLAT-RECTANGULAR WEIR BOX INLETS.
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2.39

CHUTE SPILLWAYS: FLAT-RECTANGULAR WEIR BOX INLETS;

Effect of narrow approach channels on discharge or capacities

when free-flow conditions exist at the crest.
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CHUTE SPILLWAYS: FLAT-RECTANGULAR WEIR BOX INLETS;
Effect of narrow approach channels on discharge or capacities
when free-flow conditions exist at the crest.
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FLAT-RECTANGULAR WEIR BOX INLETS

bl

CHUTE SPILLWAYS

Effect of dike on discharge.
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Effect of dike on discharge.
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FLAT-RECTANGULAR WEIR BOX INLETS

.
’

CHUTE SPILLWAYS

Effect of dike on discharge.
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2.44

CHUTE SPILLWAYS: FLAT -RECTANGULAR WEIR BOX INLETS;
Examples

EXAMPLE 1

Given: A flat-rectangular weir box inlet for a chute spillway. The inside dimensions are
W =10 ft, B =6 ft, and D = 4 f£t. The approach channel and the dike covering the headwall
have no effect on the discharge of the inlet.

Determine: 1. The head.Hg over the crest at which the discharge Q begins to be affected by the
dimension Dj that is, the head He corresponding to impending submerged flow conditions at the
crest.

2. The discharge corresponding to the head He determined in (1).

Solution: 1. Solving for the head Hg over the crest at which the discharge is affected by the

dimension D. The value of % is {% = 0.6. The value of & = % is o= 0.4%. The point of inter-

section of the line having the value of % = 0.6 and the line & = O.h, sheet 5, has a value
H
y = Te = 0.256 or
He = 0.256 (10) = 2.56 £t

For heads over the crest greater than Hg = 2.56 ft, the discharge depends on the value of
D = 4 ft as well as B, W, and He because submerged flow at the crest occurs.

2. Solving for the discharge corresponding to Hg = 2.56 ft. Since D is sufficiently
large to insure no submergence of the crest, obtain from sheet 5 at the intersection of

% = 0.6 and d = % = 0.4 the value = 0.883 or

ws/2
Q = 0.883 (10)%/2 = 279 cfs

If the value of D had been greater than 4 ft, the discharge corresponding to a head over the
crest He = 2.56 ft remains the samej i.e., Q = 279 cfs. If the value of D had been less than
4 ft, the discharge corresponding to a head over the crest Hg = 2.56 ft is not determinable
from sheet 5 because the crest would be submerged as a result of a shallow box.

EXAMPLE 2

Given: A flat-rectangular weir box inlet. The inside dimensions are W = 5 ft, B =2 ft, and
He = 3.5 ft. The approach channel and the dike covering the headwall and the crest of the box
inlet are sufficiently large to prevent any effect on the discharge of the inlet.

Determine: 1. The actual discharge Q of the box inlet if flow at the crest is not submerged.

2. The depth D, of the box inlet required to prevent submergence of the crest for
this discharge.

3. The theoretical discharge Qi of the box inlet as determined by the weir formula.

Solution: 1. Solving for the actual discharge of the box inlet. The value of % is % = 0.4 and
7 = %? is 2%2 = 0.7. The point of intersection of the lines having the values of % = 0.4 and
y = %? = 0.7 corresponds to a value of wéiz = 2.92 and a value of d = %% = 0.866.

Q=2.92w5/2 = 2.92 (5)5/2 = 163.2 cfs
2. Solving for the required depth D, of the box inlet to prevent submergence
D, = 0.866 W = 0.866 (5) = .33 ft
3. Solving for the theoretical discharge of the box inlet as given by the weir
formula
Qt = 3.1 (2B + W) He3/2
=3[ (2) + 9 (3.5)%2
Q¢ = 182.6 cfs

The stippled region shown on sheet 5 signifies the weir formula is not applicable in.predicting
the discharge for the points corresponding to the values of B, W, and He in this region. There-
fore Part 3 is not a valid solution.
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CHUTE SPILLWAYS: FLAT -RECTANGULAR WEIR BOX INI__ETS;
Examples

EXAMPLE 3

Given: A flat-rectangular weir box inlet for a chute spillway. The dimensions of the box-inlef
are W =10 ft, B =6 ft, D=4 ft, h = 2.50 ft, and M = 3.75 ft. There is no effect cn the
discharge due to a narrow channel or dike.

Determine: 1. The capacity without freeboard at the crest Qpun in cfs.

2. The capacity without freeboard at the origin of the upper vertical curve Qpmym
in cfs.

5. The capacity without freeboard of the box inlet Qmi in cfs.
4. The capacity of the inlet Qgi 1f the total drop of the chute is Z = 25 ft.

Solution: No consideration of channel and dike effect will be required.

1. Solving for the capacity without freeboard at the crest Qmh

B_6 _ _D_ 2 _h_25_
B.5 . os s=2-2 _ou v =g =38 =025

Q
= 0.6 and 7 = 0.25, read = 0.855. Observe
W5/2

At the intersection of lines (see sheet 5)

= |

D
If the value of .3 = T? read from the chart

had been greater than 0.4, then the value of Qpp is indeterminable from the chart.

=g

that the required value of 8 is 0.3%9 < 0.4

Q= 0.855 W2 = 0.855 (10)5/2 = 270 ofs
2. The capacity without freeboard at the downstream end of the box inlet QuM may be
read from Table 1, sheet 3, ES-88, for M = 3.75 ft and qmy = 26.74 cfs/ft.
Qmm = W apy = 10 (26.74) = 267.4 cfs
3. The capacity without freeboard of the box inlet Qpi 1s the lesser of the values
Qun and Quy or is Qmy = 267.4 cfs.
L. The capacity of the inlet having the recommended freeboard is

Qpi - 2674 = 209.7 cfs

B (1.2 + 0.003 Z) 1.2 + 0.003 (25)

Qsi

EXAMPLE 4

Given: A design discharge Qp = 270 cfs for a chute of width W = 10 ft and a sidewall height over
the crest h = 2 ft. The vertical drop of the chute from the crest of the inlet to the floor of
the SAF outlet is Z = 30 ft. No wave action is anticipated in the channel upstream from the
inlet.

Determine: 1. The required capacity without freeboard Qfp-
2. The required ratio of % for a flat-rectangular weir if the approach channel and
dike are to have no effect on the discharge equal to the design discharge without freeboard Qfp-

3. The dimensions B, D, and M for the flat-rectangular weir box inlet if the approach
channel and dike have no effect on the discharge Qfy.

Solution: 1. Solving for the required capacity without freeboard Qfp
Qpp = (1.2 + 0.003 Z) Qp
[1.2 + 0.005 (30)]270

Qpp = 348.3 cfs
2. When the discharge of the inlet is Qfyps the value of B is to be determined such

that the head over the crest is h = 2.0 ft. The value of 8:;_ = —éﬁg;é— = 1.101 and
w5/2 (10)5/2

Y = % = %i? = 0.20. From sheet 5, read the value of % = 1.485 for free-flow conditions.
Concluded on Sheet 16
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CHUTE SPILLWAYS: FL/-\T-RECTANGULAR WEIR BOX INLETS;
Examples

Continuation from Sheet 15
3. (a) The required value of B is
B=W [%] = 10 (1.485) = 14.85 ft
Use B =15 ft

(b) The required value of Dr to prevent submergence at the crest is obtained by

reading the value of ® at the point of intersection of the lines 7 = 0.20 and Q§72 = 1.101 or
8 = 0.475. The required value of D, is w
Dp =W 5 = 10 (0.475) = &.75 £t
Use D =L4.75 ft

(c) The value of M may be read from Table 1, sheet 3, ES-88, when

Ay = 8%2 - éi%§§ = 34.83 cfs/ft
M= 4.50 ft
EXAMPLE 5

Given: A flat-rectangular weir box inlet with the dimensions B = 13.5 ft, W = 9 ft, h = 2.0 ft,
and M = 4.00 ft; We = 35.2 ft and the headwall is extended across the channel. Thus no effect
on the discharge is obtained by a dike. The side slope of the approach channel is 3 to 1;
Zo = D.

Determine: 1. The capacity without freeboard at the crest of this inlet Qpy when the effect of
the narrow approach channel is not considered, and the value of & = % is sufficiently large to
prevent submergence of the crest.

2. The capacity without freeboard at the origin of the vertical curve QmM-
3. The value of K.
L. The capacity without freeboard at the crest of this inlet (QK)mh when the effect

of the narrow approach channel is considered, and the value of & = % is sufficiently large to
prevent submergence of the crest.

5. The required depth of the box inlet D, to insure free-flow conditions at the crest
corresponding to the discharge (QK)mh

6. The capacity without freeboard of this inlet (QK)mi when the effect of the narrow
approach channel is considered.

Solution: 1. Solving for the capacity without freeboard at the crest Quy of the box inlet when
the width of the approach channel is sufficiently great to prevent an effect on the capacity of
the inlet and the depth D is sufficiently large to prevent submergence of the crest. The
capacity Qun of the box inlet is equal to the discharge of the box inlet with a head h over the
crest.

5 _15 and y =B 2 _ 0.0

9 ' W9

At the intersection of

=lw =W

Q
1.5 and y = 0.222, sheet 5, read the value Imh = 1.30.
ws/2

Qg = 1.3 wS/2 1.5 (9)%/2 = 316 cfs

This is the capacity without freeboard th at the crest of the box inlet if D and the channel
width W, are both sufficiently great.

2. Solving for the capacity without freeboard Qpy at the origin of the vertical curve
section. This is read from Table 1, sheet 3, ES-88. When M = 4.00 ft, then qpy = 29.47 cfs/ft.

Qu =¥ apy = 9 (29.47) = 265.2 cfs

Concluded on Sheet 17
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CHUTE SPILLWAYS: FLAT -RECTANGULAR WEIR BOX INLETS ;
Examples

Continuation from Sheet 16

5. Solving for the ratio

Eer0fin p2.0B0IE) Wy,

W 9 9

From sheet 9, the corresponding value of K when k = 4 Lhk and.% = 1.5 is K = 0.82.
4. Solving for the capacity without freeboard (QK)mh at the crest of the box inlet
when the narrow channel effects are considered and free-flow conditions exist at the crest.
(QK)mh =K Qpp = 0.82 (316) = 259 cfs

B (),

This could also be obtained from sheet 9 when k = 4.L4LL and = = 1.5, read 7o = 10.18 or
W hs 2

=

(), = 10.18 W nd/2
10.18 (9)(2)3/2
259 cfs

I

]

(o),

5. BSolving for the required depth D, of the box inlet having the five given dimen-

(Qg)
sions is read on sheet 5 at the intersection of the lines mho_ 299 _ 1,066 and S = 1.5
or ws/2 (9)5/2 W
D
& =57 = 0.465 and D, = 0.465 (9) = 4.18 £t

The depth Dy is required to prevent submergence of the crest when W, = 35.2 ft, and the dis-
charge is (QK)mh = 259 cfs. A value of D > 4,18 ft will not increase the capacity without

freeboard of this channel and box inlet. The capacity of the channel and box inlet for a

D < 4.18 £t is not determinable by these charts; such a value will cause submergence at the
crest. See Ex. 1. For construction purposes D will generally be chosen to be the next size
larger than Dy when D is a multiple of 3 inches, or D = k.25 ft.

6. The smaller of the two values (QK)mh = 259 cfs or Quy = 265.2 cfs is the capacity’
without freeboard (QK)mi of the box inlet when the narrow approach channel effect is considered.

(QK)mi = (QK)mh = 259 cfs
EXAMPLE 6

Given: The problem of designing a flat-rectangular weir box inlet for the design discharge
Qr = 200 cfs. The approach channel to the inlet has a width of W, = 24.6 ft. The vertical
drop from the crest of the inlet to the floor of the outlet is Z = 30 ft. The width W of the
chute is 8 ft and the dimension h is 2.25 ft. The headwall is to extend across this channel
and thus no consideration of dike effect is required. The side siopes of the approach channel
are 3 to 1; z, = 3. :

Determine: 1. The required capacity without freeboard Qf, and qe...
2. The value of B when the effect on the discharge of the narrow approach channel is
neglected.
3. The value of K.

4. The value of B when the effect of the narrow channel on the discharge is
considered.

5. The value of D, required to prevent submerged flow conditions at the crest when
the effect of the narrow channel is considered.

6. The capacity of the box inlet without freeboard (QK)mh at the crest considering
the effect of the capacity of the approach channel and the dimension of B obtained in (4).
T. The dimension M of the box inlet.

8. The capacity of the box inlet without freeboard (QK)mi when considering the effect
of the narrow approach channel.
Concluded on Sheet 18
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CHUTE SPILLWAYS: FLAT -RECTANGULAR WEIR BOX INLETS:
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Continuation from Sheet 17

Solution: 1. Solving for the required capacity without freeboard
Qep = (1.2 + 0.003 Z) Qp
[1.2 + 0.003 (30)]200

Qfp = 258 cfs
Ser _ 258 _ 2.25 cfs/ft
Uy = 7 = - 3225 cfs/

2. The value of B when the effect on the discharge of the narrow approach channel is

8fr _ 258 _ 1 ko5 ana
ws/z2  gs/2

neglected may be obtained from sheet 5. At the intersection of lines
_h _2.25 _ B _
Y=g ="% = 0.281, read 7 = 1.0k.

B =1.06W=1.04 (8) =8.32 £t

3. The value of K may be read from sheet 9 at the intersection of the lines

Q We + 0.8 zo b 24,6 + 0.8 (3)(2.25)
fr .28 556 ana k= c®_ . ( = 3.75. Read K = 0.745.
wn¥2 8 (2.25)% 7 W
4. The value of B when the effect of the narrow channel on the discharge is considered
Q
is again obtained at the intersection of lines k = 3.75 and fr/ = 9.56, read‘% = 1.575 or
nd/2

B =1.575 (8) = 12.6 £t ; Use B = 12.75 ft

5. The value of D, may be obtained on sheet 5 at the intersection of the lines

8r 258 _ 1 4p5 and B = 1.575. This reads
ws/2  gs/2 w
D
§ = Tr = 0.5625 or Dy = 0.5625 W = 0.5625 (8) = k.50 £t
Use D = k4.50 ft

6. Solving for the capacity of the box inlet without freeboard (QK)mh at the crest
B 12.75

considering the effect of the narrow approach channel. From sheet 5 when = = g = 1.59
ay=2222_ 0281, read i
and 7 = & = —g= = 0. , rea
Qmh
=1.95
ws/2

Qun = 1.95 W/2 = 1.95 (8)%/2 = 355 cfs
(@), = X (Ogn) = 0.745 (353) = 263 cts

7. Solving for the dimension M at the origin of the vertical curve section. Given
32.25, see step 1. Read from Table 1, sheet 3, ES-88, the value M = 4.25 when

af
\ = 52.27 and Quy = W agy = (8) 32.27 = 258.16 cfs.

ImM

non

8. Solving for the capacity without freeboard of the box inlet (QK)mi considering
the effect of the narrow channel and free-flow conditions. The value of (QK)mi is equal to
the smaller of the values (QK)mh and Qpy.

(Q'K)mi = Qum = 258.16 cfs
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CHUTE SPILLWAYS: FLAT -RECTANGULAR WEIR BOX lNLETS;
Examples

EXAMPLE 7

This example pertains to the determination of the discharge (actually a capacity) for cer-
tain inlet, dike, and approach channel dimensions when the head over the crest is given. The
example requires that the effective toe of the dike be determined. This determination is &
converging eapproximation procedure. The first approximstion is made by assuming the head over
the crest as & constant value (He = 3 ft) along the length B and the effective toe of the dike
is determined corresponding to this head. This is shown by sheet 20. The second and final
approximation is made from results obtained in the first approximation. These results are shown
on sheet 24,

Example 7 of ES-91 illustrates the determination of the dimension B for a given discharge,
the head over the crest, and other inlet, dike, and approach channel dimensions.

Given: A flat-rectangular weir box inlet with the dimensions B = b ft, W = 10 ft, h = 3 ft, and
M=6.75 ft; W, = 100 ft, X = 5 ft, t; = 4 ft, hy = 1.0 ft, zy =z

S=ZC=°

Determine: 1. The capacity without freeboard at the crest of this inlet Qpy when the narrow
approach channel and dike effect on discharge is not considered, and the value of D is assumed
to be sufficiently large for free-flow conditions at the crest.

2. The capacity without freeboard at the section coincident with the origin of the
upper vertical curve.

65. The values of Ny ﬁi, A;, and T, for py = L £t, po = 5.9% ft, Bs = 2.46 ft,
By = 11.6 ft.

L. The capacity without freeboard at the crest of this inlet (Qx)mh when the effect

on the discharge due to the narrow approach channel and the dike is considered and free-flow
conditions exist at the crest.

5. The required depth of the box inlet Dy to insure free-flow conditions at the
crest corresponding to the discharge (Qx)mh
6. The capacity without freeboard of this box inlet (Q\)_. when the effect on the

mi
discharge due to the narrow approach channel and the dike is considered.

7. The value of A for this box inlet and dike arrangement.
Solution: 1. Solving for the capacity without freeboard at the crest Qmpy of this box inlet when
the dike effect is not considered.

B 2k h 3
F =203 7=g=:5=0.25

Q
= 2.0 and 7 = 0.25, sheet 5, read the value mh

ey = 1.9k

=lu

At the intersection of

Q= 195 W2 = 1.9k (12)5/2 - 968 crs

This is the capacity without freeboard Quh at the crest of the box inlet if D, W., and X are
all sufficiently large.

2. Solving for the capacity without freeboard Qpy et the origin of the upper vertical
curve. This is read from Table 1, sheet 3, ES-88. When M = 6.75 ft, then qpy = 64.59 cfs/ft.

QuM = W apy = 12 (64.59) = 775.1 cfs

Continued on Sheet 21
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CHUTE SPILLWAYS: FLAT-RECTANGUL,_A‘R WEIR BOX INLETS;

Examples

Continuation from Sheet 19

5. The dimensions no, N My Mg n, and ﬁl, ﬁé, ﬁé, ﬁ4 corresponding to B, = 4 rt,

By = 5.94% £t, By = 2.46 ft, and By, = 11.6 £t (when the head h = He = 3 ft) are given in the

figure on sheet 20. These values along with values of

B .
and T% are tabulated

The subscript i is an index. For example, in the tabulation, when i = 3, By =Bg = 2.46 and
Ms = 14.03. The various values of B; were arbitrarily selected.
was selected to be coincident with the point of intersection of the effective toe line of the
dike and a h5° plane from the corner of the dike.
were selected according to location of changes in the values of n.

The values of 5i and?%}are calculated using Hg = 3 ft. The head over the crest does not remain

3 ft for each B and an adjustment for the variation in head will be made after using He = 3 ft.
k. From the tabulation in step 3 and sheet 13, determine_’l‘4 in the following manner.

ia. Read the intersection of ==

Ty = 1.86 and p; = 1.095.

b. Read the intersection of T

and “1,2 =1.07.

iia. The value of T, =T

W

and u2)3 =1.14.

1,2 Y

iiia. The value of 15 = To,a +

n
section of T4 = 0.88% and i? = 1.169 and obtain Ty = 4.40 and pg = 1.25

b. Read the intersection of Ié

and Mg, g4 = 1.03.

B
iva.  The value of T, = Ty , + ﬁf =0.727 + 0.967 = 1.694%. Read the intersec-

See sheet 20.

M
=L4.40 and -+ =

i)
tion of T, = 1.69% and T% = 3.967 and obtain T, = 9.7.

AR
1 k.o 8.6 0.333 0.717
2 5.94 9.83 0.495 0.819
3 2.46 | 14.03 0.205 1.169
L4 11.6 L7.6 0.967 3.967
= 2k .00 2.000

M
T, = 0.333 and 4+ = 0.717 and obtain

m
=1.86 and £ = 0.819 and obtain Ti,5 = 0.326

W

0.326 + 0.495 = 0.821. Read the intersection
n
of 7, =0.821 and <2 = 0.819 and obtain T, = 3.64 and by = 1.45.

n
b. Read the intersection of T, = 3.64 and 3? = 1.169 and obtain To,5 = 0.678

S = 0.678 + 0.205 = 0.883. Read the inter-

W

The upstream section of Bs

Other end sections of B

3.967 and obtain Ta,q = 0.727

Continued on Sheet 22
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Continuation from Sheet 21

The head over the crest Hy is taken to be equal to the value of h because the maximum dis-
charge which this inlet is capable of handling through the weir section is being determined.
This maximum discharge (Qx)mh corresponds to a head over the crest of Ho = h = 3 ft. As

water approaches the headwall, the depth of flow decreases and thus the head over the crest
also decreases in the direction towards the headwall. The head over the crest at sections
1, 2, and 3 are to be evaluated. The head He used in preparing the graph of sheets 11, 12,
and 13 is that head over the crest at the upstream section of the particular incremental
length B under consideration. Calculating the head over the crest at sections 3, 2, and 1,

obtain
He4 =h =3 ft (Given)
He, =h Eﬁgé =3 %fg% =2.47 £t
o = ESx Tt o5 L 1 <1k 1o
Ho =B Eﬁi% x Eﬁié x ui;4 =3 128;5 x i:ig x i:gg =1.90 Tt

The distance between the effective toe line and the crest of the inlet is recomputed at
sections 1, 2, 3, and 4. The upstream section of the incremental length By is relocated
since the head over the crest at this section has been reduced from 3 ft to 2.47 ft and
thus the effective toe of the dike has shifted in an upstream direction a distance of

0.4 (3)(3.00 — 2.47) = 0.64 ft. This causes By to change from a value of 2.46 ft to 3.1
ft and B, to change from 11.6 ft to 10.96 ft. The lower heads over the crest at sections
1 and 2 cause the effective toe of the dike to shift in a direction toward the crest.

The location of the upstream section of the incremental lengths B, and B, remain unchanged.

N+
Recomputing the effective toe line and values of ﬁi and.T% . The result of the computations
are illustrated on sheet 24 and shown in the following tabulation.

1 He,i By ﬁi g% %%
1 1.90 k.00 7.28 0.333 0.606
2 1.94 5.94 8.34 0.495 0.695
3 2.47 3.10 13.2 0.258 1.100
b 3.00 10.96 47.6 0.914 3.967
z 2k .00 2.000

31

B
ia. Read the intersection of T% T% = 0.606 and obtain

T, = 0.333 and
T, = 1.80.

n
b. Read the intersection of T, = 1.80 and T% = 0.695 and obtain Tl,z = 0.320.

B
iia. The value of T, = T, , + 22 = 0.320 + 0.495 = 0.815. Read the intersec-

- » W

q
tion of T, = 0.815 andfif = 0.695 and obtain T, = 3.32.

=5

b. Read the intersection of T, = 3.32 and <= = 1.1 and obtain T, g = 0.61k.

Concluded on Sheet 23
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CHUTE SPILLWAYS: FLAT -RECTANGULAR WEIR BOX INLETS;.

Examples
Continuation from Sheet 22
iiia. The value of Tg =T, g + %? = 0.614 + 0.258 = 0.872. Read the intersec-
]
tion of Ty = 0.872 and 3£ = 1.1 and obtain Tg = 4.25.
)
b. Read the intersection of T4 = k.25 and T; = 3.967 and obtain 73’4 = 0.70.

) Pa
iva. The value of 7, = T3’4 + 97

0.70 + 0.91% = 1.614. Read the intersection

of 1, = 1.614 and %% = 3.967 and obtain Ty = 9.3.

The capacity without freeboard at the crest (Qk)mh when free-flow conditions exist at the crest

and the effect of the narrow approach channel and dike on the capacity becomes

(@),
m = 3.09 + T4

or

(@), = (3.09 + 9.3)(12)(5)%/2 = 775 cts
A closer evaluation would be obtained by subdividing the intervals p, and Bg-.

5. The depth Dy required to insure free-flow conditions at the crest of the inlet can

(Qx)mh 77%

be obtained by reading the intersection of lines ——— =

= = 1.55 ond E = 2.0. From sheet’
ws/2 105/2

W

D
5 obtain & =

r -
W = 0.605 or

Dy = 0.605 W = 0.605 (12) = 7.26 ft
Use D = T7.50 ft
The depth Dy is required to prevent submergence of the crest of the inlet for the given narrow

channel and dike when the discharge is (Qk)mh = 773 cfs. A value of D > 7.26 ft will not in-
crease the capacity without freeboard -for this narrow channel, dike, and box inlet. The
capacity of the channel, dike, and box inlet for a D < 7.26 ft is not determinable by these
charts; such a value will cause submergence at the crest. See Ex. 1. For construction purposes
D will generally be chosen to be the next size larger than Dy when D is a multiple of 3 inches
or D = 7.50 ft.

6. The smaller of the two values (QX)mh = 773 cfs or QupM = 775.1 cfs is the capacity
without freeboard (Qk)mi of the box inlet when the effect of the narrow approach channel and
dike on the capacity is considered.

() = (@), = 775 cfs
7. The value of N is determined by the relation

(Qx)mh = N Qpp

(o),
__Mmh 775
N = S 568 0.799
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2.55

CHUTE SPILLWAYS: ROUNDED-R

ECTANGULAR WEIR BOX INLET; General
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2.56

CHUTE SPILLWAYS. ROUNDED-RECTANGULAR WEIR BOX INLET, Effect of
narrow channel and dike on discharge

Note -
Hydraulic formulas are given on sheet 4.

Capacities for this structure with narrow approach
channel are given by sheets 9 and 10. a2

6"x 6" fillets
Capacities of this structure with dike effect are given T—

by sheets I1,12,and I3. Numerical values shown

are suggested minimums.

Required depths of box inlets are given by sheets 56 and 7.
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CHUTE SPILLWAYS: ROUNDED-RECTANGULAR WEIR BOX INL

Definition of symbols

DEFINITION OF SYMBOLS

Inside length of the box inlet measured from the downstream face of the endwall to the upstream face of the head-
wall in ft

Depth (i.e., distance from the crest to the floor) of the box inlet in ft

Required depth of box inlet to prevent submergence at the crest when the discharge is Q in ft

Height of sidewalls above the crest of the box inlet in ft

Height of embankment above the top of sidewalls in ft

Specific energy head above the crest of the inlet corresponding to any discharge Q the inlet is capable of con-
veying in ft

Indices used for B, n, W, T, and T

Rk

)

Length of developed crest =2 B + W + 2

Height of sidewall above the floor of the box inlet at the junction with the vertical curve section in ft

Discharge per unit width W or q = % in cfs/ft

Discharge corresponding to the head He of a pox inlet having no narrow approach channel or dike effect in cfs
Design discharge in cfs

Required capacity without freeboard in cfs

Capacity of inlet in cfs

Capacity of inlet without freeboard in cfs

Capacity of inlet without freeboard at the crest in cfs; the discharge Q = Quy when He = h

Capacity of inlet without freeboard at the origin of the upper vertical curve in cfs

(Qx) nn = Capacity without freeboard of a box inlet at the crest when a narrow approach channel is considered in cfs;

the discharge Q = (QK)mh vhen He = h

= Discharge corresponding to the head He of & box inlet having a narrow approach channel in cfs
= Discharge corresponding to the head of He of a box inlet having dike effect in cfs

(Q.K)mi = Capacity without freeboard of a box inlet and narrow approach channel of width W, and downstream end section

having a sidewall height M in cfs

(Q)\) mh = Capacity without freeboard of a box inlet at the crest vhen a narrow channel and dike are considered in cfs)y

the discharge Q) = (Q)\)mh when He = h

Q) i Capacity without freeboard of a box inlet vhen a narrovw channel and dike effects are both considered as well

t1

N

kd

Sl Ba >

as the downstream section having a sidewall height M in cfs

That portion of the top width of the embankment covering the headwall upstream from the upstream face of the
headwall in ft

Width of inlet in ft

Bottom width of the approach channel for the box inlet in ft

Side slope (horizontal distance per vertical foot) of approach channel

Side slope (horizontal distance per vertical foot) of dike covering the headwall in the direction towards the
crest of the box inlet (see sheet 2)

Side slope (horizontal distance per vertical foot) of dike covering the headwall in an upstream direction. (s
(see sheet 2)

Distance of the toe of the dike covering the headwall from the crest of the box inlet in ft

Vertical drop from the crest of the inlet to the floor of the SAF outlet in ft

An incremental length of distance B + 0.5 in ft (see figure, sheet 20)

We + 0.8 2¢ He

W+l

Ratio

N

Q

See formula sheet 4 or sheets 11 and 13

Values read on chart, sheets 11, 12, and 13

Distance between effective toe of dike covering the headwall and the crest of the inlet in ft

Average distance of effective toe of dike covering the headwall from the crest of the box inlet in the incremental
length B in ft

L3 2/3
=l_._2_g—w/_mr where % >1 (see equations, sheet k)

¥
Qz/a
He
b = Ratio ey
2/s
& = Ratio ——————
W+ 1)5/s

4 = Values read from graph, sheets 11, 12, and 13
REFERENCE
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CHUTE SPILLWAYS:ROUNDED-RECTANGULAR WEIR BOX INLETS;
Formulas

FORMULAS

The relationship of the discharge-head over the crest for a rounded-rectangular weir box inlet
having a wide approach channel and no dike effect is

Q=3.1(2B+W+2) Hee‘/2 when
0 <Hg < 0.b9 W+ 0.04B+0.51; (Wzlhft) and
0<Q =55 W+ 1)5/2 and
2
W+ 1
”3‘3**2[23+W+2] =0 vhere
1. /3 2/3
2 8"’ we/ Doy
Qz/a
These relations are expressed in graphical form by sheets 5, 6, and 7 where
wa/3 He
& = -——-————77— Dy and Y S T
(W+1)%3
3/2 s/2 w3/3
values of He™/ =, (W + 1)<, and.———————;7; are given on sheet 8. When He > 0.49 W + 0.0% B + 0.51,
W+ 1)

no algebraic relationship is given. The last two relations are a requirement of the value of D to
prevent submergence of the crest. The relationship of the discharge-head over the crest of a
rounded-rectangular weir box inlet having a narrow channel effect but no dike effect is

k=K@

where the value of K is obtained from sheets 9 and 10. The walue of Qg may be obtained from sheets
9 and 10 without determining the value of K. The value of & is

Uc +0.8 Ze me
- W+l

The discharge-head relationship of a roumded-rectangular welr box inlet having a narrow channel and
dike effect is given in graphical form by sheets 11, 12, amd 13.

Q =rQ

The effective toe of the dike is a distance of 0.4 zg H, (or 0.4 zy, He) from the toe of the dike.
At the headwall the effective toe of the dike is a distamce LS from the crest of the spillway or
Ty 0y

=X+ 0.k z, H
o s i 2

e and T

and By B+ " +Bi+°°°+pBy=B+0.5

where the subscriﬁt n is equal to the integer designating the number of increments considered in
the length B + 0.5. The increments § are numbered by subscripts in an upstream direction. The
subscripts of 7 pertain to the end sections of p and are numbered in an upstream direction start-
ing with the subscript o at the headwall. The subscript of T equals the subscript of B when 7 is
associated with the same incremental length B.

ﬁl Bi

W+ and Ti= T, YT

v
n

where i

n;

The value of Ti—l,i is read from sheets 11, 12, and 13 at Ti-l and w—:%I .

used to determine the head over the crest at the various sections along the length B + 0.5 and to
determine the location of the effective toe of the dike. The head over the crest at section i is

The values of u are

H. . (" . M
He . = Hg i,i+1 X i+1,i+2 X+ x n-i,n
,i W, o,
i 1+1 n-1
The actual discharge Q, is Q.
Tp + 3.09 =

W + l)He3/2
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CHUTE SPILLWAYS: The discharge-head relationship for @ ROUNDED—-  |s. w%s/3Dr
RECTANGULAR WEIR box inlet with free-flow conditions at the crest (W;‘)
and no dike or narrow channel effects. 7=W—f1
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CHUTE SPILLWAYS: The discharge-head relationship for a ROUNDED- 3=M%Dr
RECTANGULAR WEIR box inlet with free-flow conditions at the crest (W;‘)
. — e
and no dike or narrow channel effects. Wt
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CHUTE SPILLWAYS: The discharge-head relationship for a ROUNDED- 5= W /35/3Dr
RECTANGULAR WEIR box inlet with free-flow conditions at the crest (W;‘)
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and no dike or narrow channel effects. T Wt
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CHUTE SPILLWAYS : ROUNDED-RECTANGULAR WEIR BOX INLETS.

2/ 3
W-ft | (W o+ 1)s/2 L
(W + 1)5/3
3.0 32.000 0.2064
3.5 k2,957 0.1918
4.0 55.902 0.1724
k.5 T70.943 0.1591
5.0 88.182 0.1476
5.5 107.72 0.1376
6.0 129.6k4 0.1289
6.5 154.05 0.1212
7.0 181.02 0.11k4k
7.5 210.64 0.1082
8.0 23,00 0.1027
8.5 278.17 0.09774
9.0 316.2% 0.09321
9.5 257.25 0.08909
10.0 ho1.%1 0.08532
10.5 L4848 0.08184
11.0 498.83 0.07864
11.5 552.4% 0.07568
12.0 609. 3k 0.07293
12.5 669.63 0.07037
15.0 133.36 0.06799
13.5 800.61 0.06576
k.0 871.k2 0.06367
1.5 945.87 0.06171
15.0 1024 .0 0.05987
15.5 1105.9 0.05813
16.0 1191.6 0.05649
16.5 1281.1 0.0549k
17.0 1374.6 0.05348
17.5 1h72.1 0.05209
18.0 1573.6 0.05077
18.5 1679.1 0.04951
19.0 1788.9 0.04822
19.5 1902.8 0.04718
20.0 2020.9 0.04609
20.5 21434 0.04506
21.0 2270.2 0.0kko7
21.5 2h01 .4 0.04312
22.0 2537.0 0.0k221
22.5 2677.1 0.0k13k
23%.0 2821.8 0.04050
23.5 2971.1 0.03970
2k.0 3125.0 0.0%893
ok.5 | 3283.6 0.03818
25.0 3446.9 0.03747
25.5 | 3615.1 0.03678
26.0 3788.0 0.03612
26.5 | 3965.8 0.0%548
27.0 4148.5 0.03486
27.5 | 4336.2 0.03426
28.0 4528.9 0.03369
28.5 47267 0.03%13
29.0 | 4929.5 0.03259
29.5 5137.5 0.03208
30.0 5350.6 0.03156
30.5 5569.0 0.03106
31.0 5792.6 0.03060
31.5 6021.6 0.03014
32.0 6255.8 0.02969
32.5 6h97.2 0.02925
33.0 6740.6 0.02883
33.5 6991.1 0.028k42
34.0 TehT.2 0.02802
34.5 7508.8 0.0276k
35.0 7776.0 0.02726
35.5 8048.8 0.02690
36.0 8327.3 0.02654
36.5 8611.5 0.02619
37.0 8901.4 0.02585
37.5 9197.1 0.02552
38.0 9k98.6 0.02520
8.5 9806.0 0.02488
39.0 10,119 0.02458
39.5 10,439 0.02428
k0.0 10, 764 0.02399

3, 3,
2 .
He He He Hg2 He
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CHUTE SPILLWAYS: ROUNDED-RECTANGULAR WEIR BOX INLETS;

40 san|pp

HU+M)
)

Cl
€

%

Effect of narrow approach channels on discharge or capacities

when free-flow conditions exist at the crest.
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CHUTE SPILLWAYS: ROUNDED-RECTANGULAR WEIR BOX INLETS;
Effect of narrow approach channels on discharge or capacities
when free-flow conditions exist at the crest.
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CHUTE SPILLWAYS : ROUNDED-RECTANGULAR WEIR BOX INLETS;
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CHUTE SPILLWAYS : ROUNDED-RECTANGULAR WEIR BOX INLETS;
Examples

EXAMPLE 1

Given: A rounded-rectangular weir box inlet for a chute spillway. The inside dimensions are
W =10 ft, B=6 ft, and D = 4 ft. The approach channel and the dike covering the headwall
have no effect on the discharge of the inlet.

Determine: 1. The head He over the crest at which the discharge Q begins to be affected by the
dimension Dj that is, the head Hg corresponding to impending submerged flow conditions at the
crest.

2. The discharge corresponding to the head He determined in (1).

Solution: 1. Solving for the head He over the crest at which the discharge is affected by th

2/3 2/3
Gimension D. The value of gﬁiigiz is %f? = 0.591. The value of & = L D is _(0)¥= 4
W + 1)5/3 (10 + 1)5/3
= 0.341. The point of intersection of the line having the value of Ewizgiz = 0.591 and the line
H
& = 0.341, sheet 5, has a value 7 = 7 f:l = 0.218 or

H

e = 0.218 (10 + 1) = 2.40 ft

For heads over the crest greater than Hg = 2.40 ft, the discharge depends on the value of
D = L4 ft as well as B, W, and H, because submerged flow at the crest occurs.

2. Solving for the discharge corresponding to Hg = 2.40 ft. Since D is sufficiently
large to insure no submergence of the crest, obtain from the chart at the intersection of

2/ 3
Bw;oié = 0.591 and & = — N D = 0.341 the value 9 = 0.693 or
* W+ 1)5/8 W+ 1)5/2

Q = 0.693 (10 + 1)5/2 = 278 cfs

If the value of D had been greater than 4 ft, the discharge corresponding to a head over the
crest He = 2.40 ft remains the same; i.e., Q = 278 cfs. If the value of D had been less than
L ft, the discharge corresponding to a head over the crest He = 2.40 ft is not determinable
from the chart because the crest would be submerged as a result of a shallow box.

EXAMPLE 2

Given: A rounded-rectangular weir box inlet. The inside dimensions are W = 5 ft, B = 2 ft,. and
He = 5.5 ft. The approach channel and the dike covering the headwall and the crest of the box
inlet are sufficiently large to prevent any effect on the discharge of the inlet.

Determine: 1. The actual discharge Q of the box inlet if flow at the crest is not submerged.

2. The depth Dy of the box inlet required to prevent submergence of the crest for
this discharge.

3. The theoretical discharge Qi of the box inlet as determined by the weir formula.

Solution: 1l: BSolving for the actual discharge of the box inlet. The value of gwiigiz is géz
H
= 0.417 and 7 = 7 le is égz = 0.583. The point of intersection of the lines having the values
of B+ 0.5 _ 0.417 and 7 = He = 0.583 corresponds to a value of —e . 2.43 and a
W+ 1l W+ 1 W 5/2
+ 1)
wa/3

value of & = Dy = 0.765.

W+ 1)5/‘3 v
Q =2.43 (W + 1)5/2 = 243 (5 + 1)5/2 2 214.3 ofs
2. Solving for the required depth D, of the box inlet to prevent submergence
o+ 1)5/° (5 +1)5/°
wa/2 52/3

3. Solving for the theoretical discharge of the box inlet as given by the weir

Dy = 0.765 = 0.765 =5.18 ft

formula

5.1[2 (B+0.5) + W+ 1)] 5.2/2
3.1[2(240.5) + (5+ 1] 3.59/2
Qt = 223.3 cfs

The stippled region shown on sheet 5 signifies the weir formula is not applicable in predicting
the discharge for the points corresponding to the values of B, W, and He in this region. There-
fore Part 3 is not a valid solution.

Q4
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CHUTE SPILLWAYS : ROUNDED-RECTANGULAR WEIR BOX INLETS';V
Examples

EXAMPLE 3

Given: A rounded-rectangular weir box inlet for a chute spillway. The dimensions of the box inlet
are W = 10 ft, B =6 ft, D = 4.25 ft, h = 2.5 ft, and M = 4.0 ft. There is no effect on the
discharge due to a narrow channel or dike.

Determine: 1. The capacity without freeboard at the crest Qpn in cfs.

2 The capacity without freeboard at the origin of the upper vertical curve Qpmy in cfs.
3. The capacity without freeboard of the box inlet Qpi in cfs.
L

The capacity of the inlet Qgi if the total drop of the chute is Z = 25 ft.

Solution: No consideration of channel and dike effect will be required.

1. Solving for the capacity without freeboard at the crest th

2/3 2/3
Eﬁiigfz = %j? =0.591; & = L p=-—10 h.25 =0.363; 7 = W_%—i = %ﬁ? = 0.227
W+ 1)5/° (10 + 1)5/3
Q
At the intersection of lines (see sheet 5) Eﬁi:giz = 0.591 and 7 = 0.227, read mh = 0.730.

W+ 1)52

2/3
Observe that the required value of & is 0.350 < 0.363 = W D. If the value of

oo W+ 1)5/2
W

S = ———————;73 Dy read from the chart had been greater than 0.565, then the value of Qpy is
W+ 1)

indeterminable from the chart.

Qun = 0.730 (W + 1)5/2 = 0.730 (10 + 1)5/2 = 293 crs

2. The capacity without freeboard at the downstream end of the box inlet Quy may be
read from Table 1, sheet 3, ES-88, for M = 4.0 ft and amM = 29.47 cfs/ft.

QuM = W apy = 10 (29.47) = 294.7 cfs

3. The capacity without freeboard of the box inlet Qpi is the lesser of the values
Qph and Qpy or is Qun = 293 cfs.

4. The capacity of the inlet having the recommended freeboard is

Qmi 29%
- - = 230 cf
Os1 (1.2 + 0.003 Z) 1.2 + 0.003 (25) 20 ofs
EXAMPLE 4

Given: A design discharge Qp = 270 cfs for a chute of width W = 10 ft and a sidewall height over
the crest h = 2 ft. The vertical drop of the chute from the crest of the inlet to the floor of

the SAF outlet is Z = 30 ft. No wave action is anticipated in the channel upstream from the
inlet.

Determine: 1. The required capacity without freeboard Qpy.

B + 0.5

2. The required ratio of T for a rounded-rectangular weir if the approach chan-

nel and dike are to have no effect on the discharge equal to the design discharge without free-
board Qfp-

3. The dimensions B, D, and M for the rounded-rectangular weir box inlet if the
approach channel and dike have no effect on the discharge er.

Solution: 1. Solving for the required capacity without freeboard Qey
Qer = (1.2 + 0.003 Z) Qp

[1-2 + 0.003 (30)]270

Qpp = 348.3 cfs

1]

2. When the discharge of the inlet is Qfp, the value of B is to be determined such

that the head over the crest is h = 2.0 ft. The value of Ser = 483 = 0.868 and
W+ 1)52 (10 4 1)5/2
Y = W—%—T = %ﬁg-: 0.182. From sheet 5, read the value of Eﬁiigiz = 1.29 for free-flow
conditions. Concluded on Sheet 16
REFERENCE
U. S. DEPARTMENT OF AGRICULTURE STANDARD DWG. NO.
SOIL CONSERVATION SERVICE ES-91

SHEET 15 OF 24

ENGINEERING DIVISION - DESIGN SECTION
DATE 6-4-55




2.70

CHUTE SPILLWAYS : ROUNDED-RECTANGULAR WEIR BOX INLETS;
Examples

Continuation from Sheet 15

3. (a) The required value of B is

B=(W+ 1)[%Wi:9i§] — 0.5 = (10 + 1)(1.29) — 0.5 = 13.69 ft
Take B = 13.75 ft

(b) The required value of Dy to prevent submergence at the crest is obtained by

Qfr

reading the value of 3 at the point of intersection of the lines 7y = 0.182 and ——————
(W + 1)5/2

= 0.868 or 8 = 0.405. The required value of Dy is
5 (W + 1)5/3 _0.ko5 (10+ 1)5/3
wa/ s (10)2/3
Take D = L4.75 ft

Dy = = L.7h7 £t

(¢) The value of M may be read from Table 1, sheet 3, ES-88, when

Q
arp = _%E - 2%%§§ = 34.83 cfs/ft
M= k.50 ft
EXAMPLE 5

Given: A rounded-rectangular weir box inlet with the dimensions B = 13.5 ft, W = 9 ft, h = 2.0 ft,
and M = 4.00 ft; We = 35.2 ft and the headwall is extended across the channel. Thus no effect
on the discharge is obtained by a dike. The side slope of the approach channel is 3 to 1;

Zo = 5.
Determine: 1. The capacity without freeboard at the crest of this inlet Quh When the effect of
n2/3
the narrow approach channel is not considered, and the value of & = ———ﬂ———g7— D is sufficiently
W+ 1)%8

large to prevent submergence of the crest.
2. The capacity without freeboard at the origin of the vertical curve Qpy.
3. The value of K.

4. The capacity without freeboard at the crest of this inlet (QK)mh when the effect

wal/s

of the narrow approach channel is considered, and the value of § = —————
(W + 1)5/3

D is sufficiently
large to prevent submergence of the crest.

5. The required depth of the box inlet Dy to insure free-flow conditions at the crest
corresponding to the discharge (QK)mh.

6. The capacity without freeboard of this inlet (QK)mi when the effect of the narrow
approach channel is considered.

Solution: 1. Solving for the capacity without freeboard at the crest Qp, of the box inlet when
the width of the approach channel is sufficiently great to prevent an effect on the capacity
of the inlet and the depth D is sufficiently large to prevent submergence of the crest. The
capacity Qun of the box inlet is equal to the discharge of the box inlet with a head h over

the crest.
B+ 0.5 _ 1k _ __h 2
Tri o c10 - Lt and [ e i R
Q
At the intersection of Ewi:QiE = 1.4 and y = 0.20, sheet 5, read the value o cmh = 1.055
(W + 1)5/2

Qpn = 1.055 (W + 1)5/2 2 1.055 (9 + 1)%/2 = 334 cfs

This is the capacity without freeboard th at the crest of the box inlet if D and the channel
width W, are both sufficiently great.

2. Solving for the capacity without freeboard Qpy at the origin of the vertical

cur;e section. This is read from Table 1, sheet 3, ES-88. When M = 4.00 ft, then gpyy = 29.47
cfs/ft.

QmM = W amum = 9 (29.47) = 265.2 cfs
Concluded on Sheet 17
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CHUTE SPILLWAYS : ROUNDED-RECTANGULAR WEIR BOX INLETS;
Examples

Continuation from Sheet 16

%. Solving for the ratio
CWe 0.8 z¢ h _35.2+0.8 (3)(2) ko

=— =40
(W+1) 10 10
From sheet 9, the corresponding value of X when k = 4.0 and EWi:Qié = 1.4 is XK = 0.813.

4. Solving for the capacity without freeboard (QK)mh at the crest of the box inlet

when the narrow channel effects are considered and free-flow conditions exist at the crest.

(QK)mh =K Qun = 0.813 (334) = 271 cfs

This could also be obtained from sheet 9 when k = 4.0 and §Wi19i2 = 1.4, read
(QK>mh B
=9.55 or
W+ 1) ne/2

() = 9+55 (W + 1) /2
9.55 (10)(2)%/2

(QK)mh = 270 cfs

5. Solving for the required depth Dy of the box inlet having the five given dimen-
Q) e

sions is read on sheet 5 at the intersection of the lines = = 0.857 and
o+ 1)5/2  (10)5/2
B + 0.5
el 1.% or
2/3 5/3 s/s
8= —X  __D.=o0ko2  ana p, =2 MLV _o0ko2 9+ DYE ) o
W+ 1)5/3 wa/s 92/3

The depth Dy is required to prevent submergence of the crest when We = 35.2 ft, and the dis-
charge is (QK)mh = 271 cfs. A value of D > k.31 ft will not increase the capacity without

freeboard of this channel and box inlet. The capacity of the channel and box inlet for a
D < 4.31 ft is not determinable by these charts; such a value will cause submergence at the
crest. See Ex. 1. For construction purposes D will generally be chosen to be the next size
larger than Dy when D is a multiple of 3 inches, or D = k.50 ft.

6. The smaller of the two values (QK)mh = 271 cfs or Quy = 265.2 cfs is the capacity

without freeboard (QK)mi of the box inlet when the narrow approach channel effect is considered.

(QK)mi = (QK)mM = 265.2 cfs

EXAMPLE 6

Given: The problem of designing a rounded-rectangular weir box inlet for the design discharge
Qr = 200 cfs. The approach channel to the inlet has a width of W, = 2L.6 ft. The vertical
drop from the crest of the inlet to the floor of the outlet is Z = 30 ft. The width W of the
chute is 8 ft and the dimension h is 2.25 ft. The headwall is to extend across this channel
and thus no consideration of dike effect is required. The side slopes of the approach channel
are 3 to 1; z, = 3.

Determine: 1. The required capacity without freeboard Qpp and Afp-

. The value of B when the effect on the discharge of the narrow approach channel is
neglected.

3. The value of X.

L. The value of B when the effect of the narrow channel on the discharge is
considered.

5. The value of Dy required to prevent submerged flow conditions at the crest when
the effect of the narrow channel is considered.

6. The capacity of the box inlet without freeboard (QK)mh at the crest considering
the effect of the capacity of the approach channel and the dimensIon of B obtained in (L).
7. The dimension M of the box inlet.
8. The capacity of the box inlet without freeboard (QK) . when considering the effect
of the narrow approach channel. m
Concluded on Sheet 18
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CHUTE SPILLWAYS : ROUNDED-RECTANGULAR WEIR BOX INLETS;
Examples

5

Continuation from Sheet 17

Solution: 1. Solving for the required capacity without freeboard
Qer = (1.2 + 0.003 Z) Q
[1.2 + 0.005 (30)]200

Qfy = 258 cfs

Q
dpp = _51 =ég§ = 32.25 cfs/ft

2. The value of B when the effect on the discharge of the narrow approach channel is
Qep 258

neglected may be obtained from sheet 5. At the intersection of lines =
w+1)%2 (84 1)5/2

B __h 2,25 B + 0.5 _
= 1.062 and 7 = TIICE LD 0.250, read —r—= = 0.875.

B=0.875(W+1)—0.5=0.875 (8+ 1) —0.5="7.38 ft

3. The value of K may be read from sheet 9 at the intersection of the lines
Q W 0.8 h 246 +0.8 2.2
fr _ 258 - 8.40 and x = "<t Ze b + (3)(2.25)
W+ 1) n¥2 (84 1)(2.05)%/2 W+l 8+ 1
Read K = 0.77h.

= 3.33.

k. The value of B when the effect of the narrow channel on the discharge is considered
Qfr

is again obtained at the intersection of lines k = 3.33 and ———————— = 8.&9, read
W+ 1) n¥2
B +0.5
T T - 1.275 or
B=1.275 (W+ 1) —0.5=1.275 (8 + 1) — 0.5 = 10.975 ft
Use B =11 ft
5. The value of Dy may be obtained on sheet 5 at the intersection of the lines
Q
fr 28 1 060 una E+00_ 1.275. This reaas
W+ 152 (84 1)5/2 *
2/3 5/3 5/3
6= —2 D -0465 or D=2 +LIFT 045 (8 + 1)VE ) 5oy
o + l)s/s wa/s (8)2/3

Use D =L.75 £t

6. Solving for the capacity of the box inlet without freeboard (QK)mh at the crest

considering the effect of the narrow approach channel. From sheet 5 when B+0.5 = L +0.5

» W+l 3+ 1
=1.28 and 7 = - i‘ - = g% = 0.250, read
Q
___lgl___.= 1.38
W +1)5/2

Qun = 1.38 (W + 1)5/2 =1.38 (8 + 1)5/2 = 335 cfs
(k) = X (Gun) = 0.77% (335) = 259 cfs

T. Solving for the dimension M at the origin of the vertical curve section. Given
dfp = 32.25, see step 1. Read from Table 1, sheet 3, ES-83, the value M = 4.25 when
Ay = 32.27 and Quy = W qpy = (8) 32.27 = 258.16 cfs.

8. Solving for the capacity without freeboard of the box inlet (QK)mi considering
the effect of the narrow channel and free-flow conditions. The value of (QK)mi is equal to
the smaller of the values (QK)mh and Q-

(Qg)ps = Uy = 258.16 cfs
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CHUTE SPILLWAYS : ROUNDED-RECTANGULAR WEIR BOX INLETS;
Examples

EXAMPLE 7

This example pertains to the determination of the dimension B required to convey a given discharge
(Qfy) when the head over the crest, dike, and approach channel dimensions are given. The example
requires that the effective toe of the dike be determined. This determination is a converging
approximation procedure. The first approximation is made by assuming the head over the crest as a
constant value (He = 3 ft) along the length B and the location of the effective toe of the dike is
determined corresponding to this head. This is shown by sheet 20. The second and final approxi-
mation is made from results obtained in the first approximation. These results are shown on

sheet 24.

Example 7 of ES-90 illustrates the determination of a discharge (actually a capacity) for certain
inlet, dike, and approach channel dimensions when the head over the crest is given.

" Given: The problem of designing a rounded-rectangular weir box inlet for a design discharge
Qp = 500 cfs. The box inlet is for a chute having a width of W = 10 ft and the approach chan-
nel is We = 61 ft. The height of the sidewalls over the crest is h = 3.0 ft and the toe of
the dike covering the headwall is 8 ft from the crest. The side slopes of the channel and
dike are to be 3 to 1 or 2o = 2y = Zg = 3. The total drop Z from the crest of the inlet to t
the floor of the outlet is 40 ft. The value of t; is 4 ft and hy is 1 ft.

Determine: 1. The design discharge without freeboard Qfy.

2. The dimension B of the box inlet required to convey a discharge of Qp, if the
approach channel and dike have no influence on the discharge and free-flow conditions occur at
the crest.

3. The dimension B of the box inlet required to convey a discharge of Qg, when the
effect of the narrow approach channel and dike is considered and free-flow conditions occur at

the crest.
4. The dimension M at the outlet of the box inlet.
5. The value A.
6. The dimension Dy required to prevent submergence at the crest.
Solution: 1. The design discharge without freeboard is

Qep = (1.2 + 0.003 Z) Q,
- [1.2 + 0.003 (uo{]5oo

Qpp = 660 cfs
Q
ey = _%2 - %%? = 66 cfs/ft

2. The dimension B of the box inlet required to convey a discharge of Qe, = 660 cfs
with free-flow conditions at the crest if the effect of the narrow approach channel and dike
is neglected can be determined from sheet 5. The point of intersection of the lines

Qfy ) 660 B+ 0.5
W+ 152 (10+1)5/2 Wl

= 1.642 and 7 = ——3—— S R 0.273 is at =1.35 or

B+0.5=1.35 W+ 1)

B = 1k.35 £t
3. The dimension B of the box inlet required to convey o discharge of Qp,. = 660 cfs
with free-flow conditions at the crest and the given approach conditions is determined in the
following manner. The value of B is greater than 14.35 ft for these conditions.

The dimensions M Mys Mos Ngs Mys and M,, T,, Ty, 7N, corresponding to B, = L ft, p, = 5.94% ft,

Bg = 2.46 £t, and p, = ? (when the head h = H, = 3 ft) are given in the figure on sheet 20.

B3 n.
These values along with the values of —2 _ and ——— are tabulated.
W+ 1 W+ 1

Continued on Sheet 21
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CHUTE SPILLWAYS : ROUNDED-RECTANGULAR WEIR BOX INLETS:
Examples

Continuation from Sheet 19

— B M.
S N sl e
k.00 11.6 0.36k 1.052
5.94 12.83 0.540 1.168
2.46 17.03 0.22k4 1.55
? 28.6 ? 2.60

oo

The subscript i is an index. For example, in the tabulation, when i =3, B; = 53 = 2.46 and
Mg = 17.03. The various values of p; were arbitrarily selected. The upstréam section of B,
was selected to be coincident with the point of intersection of the effective toe line of the

dike and a 45° plane from the corner of the dike. See sheet 20. Other end sections of B were
selected according to location of changes in the values of 7.

The values of B4 and ﬁi are calculated using He = 3 ft. The head over the crest does not re-
main 3 ft for each p and an adjustment for the variation in head will be made after using
He = 3 ft. The value of B, is to be determined.

i. Calculate the value of
Qr 660
Ty = ——~————31~—77— - 3.09 = -———————————7—-— 3.09 = 11.52 — 3.09
W+ 1) B.Y? (10 + 1)(3)%%
T, = 8.43 _ .
. ‘ . T B
iia. Find the value of T, and K, corresponding to T3 = 1.052 and T, = TrIC 0.3%64.

From sheet 13, read T; = 2.11 and u, = 1.053.

T, > 7T
_ﬁ2
b. Read the intersection of T; =2.11 and 7—=="= 1.168 and obtain T, , = 0.361 and
By o = 1.0k2.
i’ p
iiia. The Valu?_of T =T, % W—fii = 0.361 + 0.540 = 0.901. Read the intersection of

M
T, = 0.901 and & +21 = 1.168 and obtain T, = 4.47 and p, = 1.27.

T, > T,
g

T = 0.811 and

b. Read the intersection of T, = 4 .47 and = 1.55 and obtain T

by g = 1.12k.

2,3

Ba
28 YU 1

iva. The value of T4 =T = 0.811 + 0.22% =1.035. Read the intersection of

M
T3 = 1.035 and g—>= = 1.55 and obtain Ty = 5.37 and s, = 1.19.

1
T, > T8
Ty
b. Read the intersection of Tg = 5.37 and e 2.60 and obtain T3,4 = 0.917 and

My g = 1.055.

)

va. Find the value of T, corresponding to i ::l = 2.60 and Ty = 8.4%3 and obtain from
sheet 13.
= 1.584 hi Ty = T Ps
T, = 1.5 where n=Ta,4 vy
Pa_ _ 1.584% — 0.917 = 0.667
W+ 1
Continued on Sheet 22
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CHUTE SPILLWAYS : ROUNDED-RECTANGULAR WEIR BOX INLETS;
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- X P
Continuation from Sheet 21 B, = 0.667 (10 + 1) = 7.357 £t

B+0.5=08, +B; + 85+ By
B+ 0.5=04.0+5.9%+ 246+ 7.337 = 19.737 £t
B = 19.237 ft

The head over the crest Hy is taken to be equal to the value of h because the dimension of B is
being determined which will convey the maximum discharge er through this inlet. The maximum
discharge Qg,. corresponds to a head over the crest of Ho = h = 3 ft. As water approaches the
headwall, the depth of flow decreases and the head over the crest also decreases. The heads
over the crest at sections 1, 2, and 3 decrease in the direction of the headwall and are to be
evaluated. The head H., used in preparing the graph of sheets 11, 12, and 13 is that head over
the crest at the upstream section of the particular incremental length B under consideration.
Calculating the head over the crest at sections 3, 2, and 1, obtain

H h =3 ft (Given)

€4
H =h Poa _ 3 2990 _ 5 66 rt
es kg T L9 T
0 H
_ 2,3 3,4 _  1.124 1,055
Be, =h = x = =3 75— x T~ 2.354 £t
2 3
' M n
_ 1,2 2,3 3,4 _ 5 l.0k2 1.12F  1.055 _
Hel h m X my b'd ™ =3 T.055 X T.o7 X 15 = 2.33% ft

The distance between the effective toe of the dike and the crest of the inlet is recomputed at
sections 1, 2, and 3. The upstream section of the incremental length Bs 1s relocated since the
head over the crest at this section has been reduced from 3 ft to 2.66 ft. The effective toe
of the dike has shifted in an upstream direction a distance of 0.4 (3)(3.00 — 2.66) = 0.41 ft.
This causes Py to change from a value of 2.46 ft to 2.87 ft and B, will be re-evaluated. The
lower heads over the crest of sections 1 and 2 cause the effective toe of the dike to shift in
a direction towards the crest. The location of the upstream section of the incremental lengths
B, and B, remain unchanged.

Recomputing the effective toe line and values of ﬁi and The result of the computations

i
W+ 1"
are illustrated on sheet 24 and shown in the following tabulation.

- B4 T4
o Ve R P P -l ey
1 2.33 k.00 10.8 0.36k4 0.982
2 2.35 5.9k 11.90 0.54%0 1.082
3 2.66 2.87 16.50 0.261 1.50
b 3.00 ? 28.6 ? 2.60
. . . By M .
ia. Read the intersection of Ta T = 0.364 and TIT S 0.982 and obtain T; = 2.10.

T, > T,

b. Read the intersection of T; = 2.10 and T = 1.082 and obtain T, , = 0.360.

—_—

W+
B>

T T T

iia. The value of 1, = = 0.360 + 0.540 = 0.900. Read the intersection of

]

T]2
of 7, = 0.900 and 1.082 and obtain T, = 4.33.

W+ 1
Th > Ty Concluded on Sheet 23
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CHUTE SPILLWAYS : ROUNDED-RECTANGULAR WEIR BOX INLETS;
Examples

Continuation from Sheet 22

M3

b. Read the intersection of T, = 4. 23 andAW—:—I = 1.50 and obtain To,3 = 0.790.

p ) i
iiia. The value of T4 = T, 5 + S _ - 0.790 + 0.261 = 1.051. Read the intersection of

_ ) W+ 1
Ny B
T4 = 1.051 and e 1.50 and obtain T, = 5.37.
T, > Ty
, .
b. Read the intersection of T4 = 5.37 and TIIC 2.60 and obtain Ts,4 =_O.920.
ﬁ; .
iva. Find the value of 7, corresponding to i — = 2.60 and T, = 8.43 and obtain from
sheet 13
Pa
Tph = 1.585 where Tn = T3’4 + m
Pa_ _ T =T = 1.585 — 0.92 = 0.665
W+1 1~ 3,4 -

By = 0.665 (10 + 1) = 7.315 ft
B+0.5=0, +PBs +Bg+ By
B+ 0.5=D4.0+5.94 + 2.87 + 7.315 = 20.125 ft
B = 19.625 ft

Use B = 19.75 ft

L. The value of M may be read from Table 1, sheet 3, ES-88, and knowing
Qpy = 66 cfs/ft, read M = 7 £t and qy = 68.22 cfs/ft.

5. A Dbox inlet with free-flow conditions at the crest and dimensions B = 19.75 ft,
W =10 ft, h = 3 ft, will have a capacity at the crest as given by sheet 5. At the inter-

B+0.5_20.25 _ 1.8% and y = =—— = == = 0.273, read

section of lines ——— 1T W+ 1 11 °

Qmh

— - 2.09 or Quu = 2.09 (10 + 1)5/2 - 839 crs
W+ 1)

The value of A is

@J)m 660

N = a5 "% - 0.787

6. The required depth of box inlet D, to prevent submergence of the crest may be
@) 660

determined at the point of intersection of lines =
W+ 1)5/2 (10 + 1)5/2

= 1.645 ana

T i = 1.84. From sheet 5, read

2/3
5 = —L——,— DI‘ = 0.627 or
W+ 1)3/8

5 (W + 1;5/8 _ 0.627 (10 + 1)5/8
wz/s lO2/3

Dy = =17.35

Use D = 7.5 ft
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CHUTE SPILLWAYS: FLAT-TRAPEZOIDAL WEIR BOX INLET; General layout.

3-_ On

ESN

"HALF — PLAN
8'-0

—

12"

Minimum length = 3d¢

Origin of upper

6"X 6" fillets !
vertical curve

Numerical values shown
are suggested minimums.

Note-
Hydraulic formulas are given on sheet 4.
Capacities for this structure with a wide

approach channel are given on sheets

5,6, and 7.

ISOMETRIC VIEW
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CHUTE SPILLWAYS: FLAT-TRAPEZOIDAL WEIR BOX INLET; Effect of
narrow channels on discharge.
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CHUTE SPILLWAYS : FLAT-TRAPEZOIDAL WEIR BOX INLETS;
Definition of symbols

DEFINITION OF SYMBOLS

B = Inside length of the box inlet measured from the downstream face of the endwall to
the upstream face of the headwall in ft

D = Depth (i.e., distance from the crest to the floor) of the box inlet in ft

Dr = Required depth of box inlet to prevent submergence at the crest when the discharge
is Q in ft

h = Height of sidewalls above the crest of the box inlet in ft

He = Specific energy head above the crest of the inlet corresponding to any discharge Q
the inlet is capable of conveying in ft

Kk =X

Q

L = Length of developed crest = 2 B + W + 0.4 zg He

M = Height of sidewall above the floor of the box inlet at the junction with the verti-
cal curve section in ft

q = Discharge per unit width W or q = % in cfs/ft

Q = Discharge corresponding to the head He of a box inlet having no narrow approach chan-
‘nel or dike effect in cfs

Qr = Design discharge in cfs

Qfr = Required capacity without freeboard in cfs

Qgi = Capacity of inlet in cfs

Qui = Capacity of inlet without freeboard in cfs

Quh = Capacity of inlet without freeboard at the crest; discharge Q = Qpy when He = h

QuM = Capacity of inlet without freeboard at the origin of the upper vertical curve in cfs

(QK)mh = Capacity without freeboard of a box inlet at the crest when a narrow approach
channel is considered in cfs} the discharge Q = (QK)mh when He = h

Qg = Discharge corresponding to the head He of a box inlet having a narrow approach chan-
nel in cfs

(QK)mi = Capacity without freeboard of a box inlet and narrow approach channel of width W.
and downstream end section having a sidewall height M in cfs
W = Width of inlet in ft
W, = Bottom width of the approach channel for the box inlet in ft
zc = Side slope (horizontal distance per vertical foot) of approach channel
zo = Side slope (horizontal distance per vertical foot) of spillway crest
Z = Vertical drop from the crest of the inlet to the floor of the SAF outlet in ft
We + 0.8 z¢ He
K = Ratio
1/3 2/3
¥ =.};E—§——-—!——— D, where % > 1 (see equations, sheet k)
Qz/a
. He
Y = Ratio w
8 = Ratio o
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CHUTE SPILLWAYS : FLAT-TRAPEZOIDAL WEIR BOX INLETS
Fopjmulos

FORMULAS

The relationship of the discharge-head over the crest for a flat- -trapezoidal weir box inlet
having a wide approach channel and no dike effect is

Q=3.1(2B+W+ 0.8z, H) B2 when

0.49 W . 0.04 B

0<H s a
€ 1-0.0062, 1-0.0162 7
0<Q=5.5W/2 and
2
L ]
- 2 = why
¥-3% [2B+W+O.8oneJ 0 vhere

1.2 g3 w2/3 p

Qz/s

=¥ >1

These relations are expressed in graphical form by sheets 5, 6, and 7 where 25 = 3 and

Dy He

5=—v and 7=—-w-

values of Hes/2 and W5/2 are given on sheet 8. When He > 0.51 W + 0.0k B, no algebraic
relationship is given. The last two relations are a requirement of the value of D to
prevent submergence of the crest. The relationship of the discharge-head over the crest
for a flat-trapezoidal weir box inlet having a narrow channel effect but no dike effect
is

o = KQ

where the value of K is obtained from sheets 9 and 10. The value of QK may be obtained
from sheets 9 and 10 without determining the value of K. The value of k is

We + 0.8 z¢c He
- W
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CHUTE SPILLWAYS: The discharge-head relationship for a FLAT- 8w
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2.86

CHUTE

SPILLWAYS : FLAT-TRAPEZOIDAL WEIR BOX INLETS.

W-Tt ws/2
3.0 15.583
3.5 22.918
4.0 32.000
k.5 h2.957
5.0 55.902
5.5 70.943
6.0 88.182
6.5 107.72
7.0 129.64
7.5 154.05
8.0 181.02
8.5 210.64
9.0 243,00
9.5 278.17

10.0 316.23
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11.0 L01.31
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12.0 498.83

12.5 552.43
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13.5 669.63

4.0 733.36
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2.87

FLAT-TRAPEZOIDAL WEIR BOX INLETS;

Effect of narrow approach channels on discharge or capacities

when free-flow conditions exist at the crest.

CHUTE SPILLWAYS:

1)) M

—— 2 Jo sanjop 5 40 $an|pA
*Hozp'0+8 Hozp'0+ 8 )
00t g's (X sz oz Sl 0l 016080 J0 90 gD 0 g0 520,
cFFA-EFFFT9-F FH AT FFE AT 534 -
. ] NE < Wﬁ:\O m\‘_\OIMT\nlm o 7 -
N EECHP o) SRSl kS || & -
\\ \N_“_ \OA G&W / \\O ] (°H4 -
o' 3] 7 EaTgE =
Q .
= e _ 5 ot
' A ol S A 4 &
o mw_l @ao .om.« , 7 _
CH] S 7 / < 1
05 w_ 7 7 / 7 Q°
1 I %m / A l\ 17 . & 1
. v 8" 4 1 L (X7
* M‘_ Ot \NNN o g —
@& 4 7/ A% |
9 L A — 71 L ] i
0’9 og.muv_l O,w h.\\\*N ] / ] ) \O\wv \\\“\
; it WY AT e
. o R \ pASSS e
c \+\ A ,OwN\ - LA
B oL £e / VIR =g/ v v —Z \\\\\\\«./ s
1 7 1) > \ \ AT % |1 \\A S c
=3 ve A L / F1o\ /] ) z N ] ®
2o ! \ LS \\ N 1A A \ > e &
G 57 AL A7 7 ARV & 7 e <[s
oﬁ.m 4 NNJ,\wTk\\\\\\\ / \\ / * 0 7 k \ \ ;unb a_...HMc. x
. - 7 ranll y, ] o —+ 0'g
o8 A A 17 res / > S o
(AT Sy Py afi d vdh O L. L~ 0
| AT BT e g
g8 773 [ AT T Y] ﬁ\ I | LSS S TR
ST S T A %
o‘ﬂm q /s e / R ¥ Vi \ 5N 3
06 s s \u\\\ 7 7 \\\ / ol & .
Ve \ _\\ \Q\\ wok\ sy § ¥ \ ] 1K se
o WAAYIS 8BV Sda OV 71710 Sy T Nv \\\ A Aar!
’ rarnupaVARraySc sy /e i il P
AN s &\ ool SR BV S ATy 7
AT LT Y §077 8 S R
00l = oo T vl x LA 7 Mgl T
A ST A7 I 5 NN e
T e el S E e ox =0 ||
ol A AT A1 A8 . , o 9
ol l\b\\ﬂ\\\\\\\\ﬂ\‘\% Cep\x, /1 s & o iy L,\ "
on - \\Q\ 1 , _\ W2 % / / \ / vﬁmﬁvm 3, 95 .. 9 =3
: umm\w?uu \J f \ / \ 6% H7Z8°0+ "M
0238 &8 i ay Y/ :SNOILVND3
Iodp* . . g9
T
ao\%«&

ES- 92

STANDARD DWG. NO.
ENGINEERING DIVISION - DESIGN SECTION | SHEET_9__OF 16

DATE _5-20-55

U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

This chart was developed by Paul D. Doubt of

the Design Section.

REFERENCE




2.88
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b

FLAT-TRAPEZOIDAL WEIR BOX INLETS

CHUTE SPILLWAYS

Effect of narrow approach channels on discharge or capacities

when free-flow conditions exist at the crest.
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2.89

CHUTE SPILLWAYS: FLAT-TRAPEZOIDAL WEIR BOX INLETS:
Examples

EXAMPLE 1

Given: A flat-trapezoidal weir box inlet for a chute spillway. The inside dimensions are
W =10 ft, B =6 ft, and D = 4 ft. The approach channel and the dike covering the headwall
have no effect on the discharge of the inlet. zg = 3.

Determine: 1. The head He over the crest at which the discharge Q begins to be affected by the
dimension D; that is, the head He corresponding to impending submerged flow conditions at the
crest.

2. The discharge corresponding to the head He determined in (1).

Solution: 1. Solving for the head He over the crest at which the discharge is affected by the

dimension D. The value of % is f% = 0.6. The value of & = 3 is 15 = 0.4. The point of inter-
section of the line having the value of = = 0.6 and the line & = 0.4, sheet 5, has a value

He g W
7='w—=0.21 or

He = 0.218 (10) = 2.18 ft

For heads over the crest greater than He = 2.18 ft, the discharge depends on the value of
D = 4 ft as well as B, W, and He because submerged flow at the crest occurs.

2. Solving for the discharge corresponding to He = 2,18 ft. Since D is sufficiently

large to insure no submergence of the crest, obtain from sheet 5 at the intersection of

B 0.6 ana 5 =2 0.4 the value —3— = 0.850 or
W W ws/2

Q = 0.860 (10)5/2 = 272 cfs

If the value of D had been greater than 4 ft, the discharge corresponding to a head over the
crest He = 2.18 ft remains the same; i.e., Q = 272 cfs. If the value of D had been less than
b ft, the discharge corresponding to a head over the crest He = 2.18 ft is not determinable
from sheet 5 because the crest would be submerged as a result of a shallow box.

EXAMPLE 2

Given: A flat-trapezoidal weir box inlet. The inside dimensions are W = 5 ft, B = 2 ft, and

He = 3.5 ft. The epproach channel and the dike covering the headwall and the crest of the box

inlet are sufficiently large to prevent any effect on the discharge of the inlet. 2zg = 3.

Determine: 1. The actual discharge Q of the box inlet if flow at the crest is not submerged.

2. The depth Dy of the box inlet required to prevent submergence of the crest for
this discharge.

3. The theoretical discharge Q of the box inlet as determined by the weir formula.

Solution: 1. Solving for the actual discharge of the box inlet. The value of % is % = 0.4 and

H

Yy = 3? is égz = 0.7. The point of intersection of the lines having the values of % = 0.4 and
He Q Dy

Y = = = 0.7 corresponds to a value of = 5.37 and a value of & = ws 1.38.
W ws/2

Q= 5.37W5/2 = 5.37 (5)5/2 = 300.2 cfs

Concluded on Sheet 12

REFERENCE
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2.90

CHUTE SPILLWAYS:FLAT-TRAPEZOIDAL WEIR BOX INLETS;
Examples

Continuation from Sheet 11

2. Solving for the required depth D, of the box inlet to prevent submergence
Dp =1.38 W =1.38 (5) = 6.90 ft

3. Solving for the theoretical discharge of the box inlet as given by the weir

formula
Qt = 3.1 (2B + W+ 2.4 H) Hea/z
-5a2 (@) 4542k (3.5)] .59/
Qi = 353.2 cfs

The stippled region shown on sheet 5 signifies the weir formula is not applicable in predicting
the discharge for the points corresponding to the values of B, W, and He in this region. There-
fore Part 3% is not a valid solution.

EXAMPLE 3

Given: A flat-trapezoidal weir box inlet for a chute spillway. The dimensions of the box inlet
are W = 10 ft, B =6 ft, D = 4.75 ft, h = 2.5 ft, and M = 4.5 ft. There is no effect on the
discharge due to a narrow channel or dike. zg = 3.

Determine: 1. The capacity without freeboard at the crest Qp, in cfs.

2. The capacity without freeboard at the origin of the upper vertical curve Qpyy
in cfs.

3. The capacity without freeboard of the box inlet Qp; in cfs.
4. The capacity of the inlet Qgy if the total drop of the chute is Z = 25 ft.

Solution: No consideration of channel and dike effect will be required.

1. Solving for the capacity without freeboard at the crest Qpy

B 6 D k.75 h 2.5
710" 0.6 5 =§ =5 = 0.475 =g =96 =025
i . . B Qmh
At the intersection of lines (see sheet 5) g= 0.6 and 7 = 0.25, read = 1.085. Observe
ws/2
D
that the required value of & is 0.468 < 0.475 = % . If the value of & = T% read from the chart

had been greater than O.h75, then the value of Qp) is indeterminable from the chart.
Qup = 1.085 wS/2 = 1.085 (10)%/2 = 343.0 cfs

2. The capacity without freeboard at the downstream end of the box inlet Qpm may be
read from Table 1, sheet 3, ES-88, for M = 4.50 ft and qgy = 35.16 cfs/ft.

Qum = W agy = 10 (35.16) = 351.6 cfs
3. The capacity without freeboard of the box inlet Qmi is the lesser of the values
Qp, end Qpy or is Qpy = 343 cfs.
4. The capacity of the inlet having the recommended freeboard is

Qsi = Omi = 345 = 269 cfs

(1.2 + 0.003 Z) 1.2 + 0.003 (25)

REFERENCE STANDARD DWG. NO.
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CHUTE SPILLWAYS :FLAT-TRAPEZOIDAL WEIR BOX INLETS:
Examples

EXAMPLE 4

Given: A design discharge Qp = 270 cfs for a chute of width W = 10 ft and a sidewall
height over the crest h = 2 ft. The vertical drop of the chute from the crest of
the inlet to the floor of the SAF outlet is Z = 30 ft. The slope of the box inlet
is z5 = 3. No wave action is antieipated in the channel upstream fromw the inlet.

Determine: 1. The required capacity without freeboard Qep-

2. The required ratio of % for a flat-trapezoidal weir if the approach

channel and dike are to have no effect on the discharge equal to the design dis-
charge without freeboard Qsp,.

3. The dimensions B, D, and M for the flat-trapezoidal weir box inlet if
the approach channel and dike have no effect on the discharge Qfy.

Solution: 1. Solving for the required capacity without freeboard Qf,

1]

(1.2 + 0.003 Z) Qp
[1.2 + 0.00% (50)]270

er

348.3 cfs

Qfr

2. When the discharge of the inlet is Q¢y,, the value of B is to be deter-
Qfr  348.3
ws/2 (10)5/2
= 1.26 for free-

mined such that the head over the crest is h = 2.0 ft. The value of

=l

= 1.101 and 7 = E = == = 0.20. From sheet 5, read the value of
flow conditions.

3. (a) The required value of B is

B = w{%]: 10 (1.26) = 12.60 ft

Use B = 12.75 ft

(b) The required value of D, to prevent submergence at the crest is ob-
tained by reading the value of ® at the point of intersection of the lines y = 0.20

and X _ 1901 or & = 0.479. The required value of D, is
ws/2
Dy =W & =10 (0.479) = k.79 ft
Use D = 5.0 ft
(c) The value of M may be read from Table 1, sheet 3, ES-88, when

Qf

Uy = = = 5&1863 = 34.8% cfs/ft

M= L.50 £t
REFERENCE U. S. DEPARTMENT OF AGRICULTURE STANDARD DWG. NO.
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CHUTE SPILLWAYS: FLAT-TRAPEZOIDAL WEIR BOX INLETS;
Examples

EXAMPLE 5

Given: A flat-trapezoidal weir box inlet with the dimensions B = 13.5 ft, W = 9 ft, h = 2.0 f¢,
and M = 4.00 ftj; We = 35.2 £t and the headwall is extended across the channel. Thus no effect
on the discharge is obtained by a dike. The side slope of the approach channel is 3 to 1;
zec = 3. The slope of the box inlet crest is zgy = 3.

Determine: 1. The capacity without freeboard at the crest of this inlet Qyn when the effect of

the narrow approach channel is not considered, and the value of & = % is sufficiently large to
prevent submergence of the crest.

2. The capacity without freeboard at the origin of the vertical curve QuM-
3. The value of K.
4, The capacity without freeboard at the crest of this inlet (QK)mh when the effect

of the narrow approach channel is considered, and the value of © = % is sufficiently large to
prevent submergence of the crest.

5. The required depth of the box inlet D, to insure free-flow conditions at the crest
corresponding to the discharge (QK)mh.

6. The capacity without freeboard of this inlet (QK)mi when the effect of the narrow
approach channel is considered.

Solution: 1. Solving for the capacity without freeboard at the crest Qyn of the box inlet when
the width of the approach channel is sufficiently great to prevent an effect on the capacity of
the inlet and the depth D is sufficiently large to prevent submergence of the crest. The
capacity Qmn of the box inlet is equal to the discharge of the box inlet with a head h over the
crest.

1

Ul
=
no

=1.5 and == === 0.222

of

=W =|w

Q
= 1.5 and y = 0.222, sheet 5, read the value

mh_ _ 347
ws/2

At the intersection of

Qup = 147 ws/2 = 1.47 (9)%/2 = 357 cfs
This is the capacity without freeboard Qpy at the crest of the box inlet if D and the channel
width We are both sufficiently great.

2, Solving for the capacity without freeboard Quy at the origin of the vertical
curve section. This is read from Table 1, sheet 3, ES-88. When M = 4.00 ft, then gmy = 29.47
cfs/ft.

QuvM = W amm = 9 (29.47) = 265.2 cfs

3. Solving for the ratio

Mo+ 0.8 zch _35.2+0.8 (3)(2) ko _ b b
W 9 9

B+ 0.k zgh 13.5+ 0.4 (3)(2)
From sheet 9, the corresponding value of K when k = 4 4hk and 7 o - 5

= 1.77 is X = 0.770.

L. Solving for the capacity without freeboard (QK)mh at the crest of the box inlet
when the narrow channel effects are considered and free-flow conditions exist at the crest.

(QK)mh =K Qpy = 0.770 (357) = 275 cfs

Concluced on Sheet 15
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CHUTE SPILLWAYS : FLAT-TRAPEZOIDAL WEIR BOX INLETS;

Examples
Continuation from Sheet 14
This could also be obtained from sheet 9 when k = 4.4kl and E—i—S%;—EQ—E = 1.77, read
;QE;72 = 10.82 or

() = 10.82 W 1n%/2
= 10.82 (9)(2)%/2
(g) y, = 2715 cfs

5. 8olving for the required depth D, of the box inlet having the five given dimen-
(QK)mh 215
ws/z (9)5/2

sions is read on sheet 5 at the intersection of the lines = 1.1%2 and % = 1.5

or
8 =7 = 0.490 and Dr = 0.490 (9) = b.k1 £t

The depth Dy is required to prevent submergence of the crest when Wo = 35.2 ft, and the dis-

charge is (QK)mh = 275 cfs. A value of D > 4.4l ft will not increase the capacity without

freeboard of this channel and box inlet. The capacity of the channel and box inlet for a

D < 4.kl ft is not determinable by these charts; such a value will cause submergence at the
crest. See Ex. 1. For construction purposes D will generally be chosen to be the next size
larger than Dy when D is a multiple of 3 inches, or D = 4.50 ft.

6. The smaller of the two values (QK)mh = 275 cfs or Qpy = 265.2 cfs is the capacity
without freeboard (QK)mi of the box inlet when the narrow approach channel effect is considered.

(QK)mi = (QK)mM = 265.2 cfs

EXAMPLE 6

Given: The problem of designing a flat-trapezoidal weir box inlet for the design discharge
Qr = 200 cfs. The approach channel to the inlet has a width of W, = 24.6 ft. The vertical
drop from the crest of the inlet to the floor of the outlet is Z = 30 ft. The width W of the
chute is 8 ft and the dimension h is 2.25 ft. The headwall is to extend across this channel
and thus no consideration of dike effect is required. The side slopes of the approach channel
are 3 to 1; zo = 3. The slope of the box inlet crest is zg = 3.

Determine: 1. The required capacity without freeboard Qfr and qgn.

2. The value of B when the effect on the discharge of the narrow approach channel is
neglected.

3. The value of K.

4. The value of B when the effect of the narrow channel on the discharge is
considered.

5. The value of Dy required to prevent submerged flow conditions at the crest when
the effect of the narrow channel is considered.

6. The capacity of the box inlet without freeboard (QK)mh at the crest considering
the effect of the capacity of the approach channel and the dimension of B obtained in (4).

7. The dimension M of the box inlet.

8. The capacity of the box inlet without freeboard (QK)mi when considering the effect
of the narrow approach channel.

Solution: 1. Solving for the required capacity without freeboard is
Qpp = (1.2 + 0.003 Z) Q,
= [1-2 + 0.003 (30)] 200
Qpp = 258 cfs
_Qfr 258

er = = --8—- = 52.25 cfs/ft
Concluded on Sheet 16
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CHUTE SPILLWAYS :FLAT-TRAPEZOIDAL WEIR BOX INLETS;
Examples

Continuation from Sheet 15

2. The value B when the effect on the discharge of the narrow approach channel is

neglected may be obtained from sheet 5. At the intersection of lines Sfr = 2268 = 1.425 and
s/ gs/2
h_2.25 0.281, read 3. 0.710 "
= W = T = . ’ I W = . B
B =0.710 W = 0.710 (8) = 5.68 .ft
3. The value of K may be read from sheet 9 at the intersection of the lines
Q We + 0.8 zoh 24.6 + 0.8 2.2
ir _ . 238 =9.56 and & = — — - 5 ()22 _ 575, Read k = 0.745.
Wwn¥/2 8 (2.05)%/2 L
L. The value of B when the effect of the narrow channel on the discharge is considered
is again obtained at the intersection of lines k = 3.75 and Qfg/ = 9.56, read
2
B+ 0.k zoh Wh
S0 % Y 1.575 or
W
B=1.575W — 0.k zg h = (L.575) 8 — 0.% (3)(2.25) = 9.90 ft
Use B = 10.0 ft
5. The value of D, may be obtained on sheet 5 at the intersection of the lines
Qrr 258 B 9.90
—_— = = 1.k d == Z%= = 1.238. This a
w5/2 85/2 5 an 7 e 3 reads
D
5 = 3§ = 0.569 or D, = 0.569 W = 0.569 (8) = k.55 ft
Use D =L4.75 ft
6. Solving for the capacity of the box inlet- without freeboard (QK)mh at the crest
considering the effect of the narrow approach channel. From sheet 5 when % = %g = 1.25 and
_h _2.25 _
=g =g = 0.281, read
Qmh
=1.93
ws/2

Qun = 1.93 wS/2 = 1.93 (8)5/2 = 3k9 cfs
(Qg)y = K (Qmn) = 0.745 (349) = 260 cfs

7. Solving for the dimension M at the origin of the vertical curve section. Given
30.25, see Step 1. Read from Teble 1, sheet 3, ES-88, the value M = 4.25 when

ar
y 32.27 and Quy = W apy = (8) 32.27 = 258.16 cfs.

mM

8. Solving for the capacity without freeboard of the box inlet (QK)mi considering
the effect of the narrow channel and free-flow conditions. The value of (QK)m

the smaller of the values (QK)mh and Qpy-.

1 is equal to

(Qg),; = Oy = 258.16 cfs
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CHUTE SPILLWAYS: ROUNDED-TRAPEZOIDAL WEIR BOX INLET;

General layout.
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SECTION ALONG CENTER-LINE
Note-

ISOMETRIC VIEW

Hydraulic formulas are given on sheet 4.
Capacities for this structure (with a wide
approach channel) are given on sheets
4,5, and 6.
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CHUTE SPILLWAYS: ROUNDED-TRAPEZOIDAL WEIR BOX INLET;
Effect of narrow channels on discharge.

103.25
103

102;

We

Top of bank of approach channel

Note-
Hydraulic formulas are given on sheet 4.

R R T R R e B TR A

Capacities for this structure with narrow

gpg‘:gtzlgrf channel are given by sheets SECT'ON ALONG Q

Required values of depths of box inlet
are given by sheets 5,6,and 7. ’ S R Numerical values shown
‘ ,)/ }/} ! e are suggested minimums
, /'/ »
y >

ISOMETRIC VIEW
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CHUTE SPILLWAYS : ROUNDED-TRAPEZOIDAL WEIR BOX INLETS :
Definition of symbols
DEFINITION OF SYMBOLS
B = Inside length of the box inlet measured from the dovnstream face of the endwall to
the upstream face of the headwall in ft
D = Depth (i.e., distance from the crest to the floor) of the box inlet in ft
D, = Required depth of box inlet to prevent submergence at the crest when the discharge
is Q@ in ft
h = Height of sidewalls above the crest of the box inlet in ft
He = Specific energy head above the crest of the inlet corresponding to any discharge Q
the inlet is capable of conveying in ft
k
K = T
L = Length of developed crest = 2 B + W + 0.4 z5 Hg + 2
M = Height of sidewall above the floor of the box inlet at the junction with the vertical
curve section in ft
q = Discharge per unit width W or q = % in cfs/ft
Q = Discharge corresponding to the head He of a box inlet having no narrow approach chan-
nel or dike effect in cfs
Qr = Design discharge in cfs
Qfr = Required capacity without freeboard in cfs
Qsi = Capacity of inlet in cfs
Qni = Capacity of inlet without freeboard in cfs
Qpn = Capacity of inlet without freeboard at the crest in cfs; the discharge Q = Qpy when
He = h
QmM = Capacity of inlet without freeboard at the origin of the upper vertical curve in cfs
(QK)mh = Capacity without freeboard of a box inlet at the crest when a narrow approach
channel is considered in cfsj the discharge Q = (QK)mh when He = h
Qg = Discharge corresponding to the head He of a box inlet having a narrow approach chan-
nel in cfs
(QK)ml = Capacity without freeboard of a box inlet and narrow approach channel of width W,
and downstream end section having a sidewall height M in cfs
W = Width of inlet in ft
We = Bottom width of the approach channel for the box inlet in ft
z. = Side slope (horizontal distance per vertical foot) of approach channel
zo = Side slope (horizontal distance per vertical foot) of spillway crest
Z = Vertical drop from the crest of the inlet to the floor of the SAF outlet in ft
Wc + 0.8 Ze He
K = Ratio /—_W—-i-—i-—
1/3 2/a
¥ =-24§—§———-E—£- D, where ¥ >1 (see equations, sheet 4)
Qa/?
. He
7oo=Reto g3
wa/s
® = Ratio —mm———
(W + l)s/3
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CHUTE SPILLWAYS : ROUNDED-TRAPEZOIDAL WEIR BOX INLETS ;
Formulas

FORMULAS

The relationship of the discharge-head over the crest for a rounded-trapezoidal weir box
inlet having a wide approach channel and no dike effect is

Q=3.1 (2B+W+2+O.820He)He3/2

when
0<H, s QMW ‘0.04B 0.1 s Wz kft)  and
1-0.016 25 1-0.016z5 1-0.016zg
0<qs=5.5 W+ 1)%2 nd
W+ 1 2
PP -3 %+ 2 =0 where
P TS w2t 0.8 g e e

1.0 gt/2 42/ Dy

— =% >1
%3

These relations are expressed in graphical form by sheets 5, 6, and 7 where 25 = 3 and

WZ/S He
5 = ———1D and Yy =
W+ 1)/ T W+l
, wa/3
values of Hes/z’ (W + 1)%/2, and ———————37; are given on sheet 8.
(W + 1)

When He > 0.51 W + 0.04 B + 0.53, no algebraic relationship is given. The last two rela-
tions are a requirement of the value of D to prevent submergence of the crest. The rela-

tionship of the discharge-head over the crest of a rounded-trapezoidal weir box inlet having
a narrow channel effect but no dike effect is

= KQ

where the value of K is obtained from sheets 9 and 10. The value of QK may be obtained from
sheets 9 and 10 without determining the value of K. The value of k is

Wc+o.82CHe
fE W
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