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Preface

“Let man have dominion over the earth and
let the earth bring forth grass, the herb yielding
seed, and the fruit tree yielding fruit after its
kind.” So is it written in the Book of Genesis.

The availability of water has determined the
course of empires in many civilizations. When
made available, its use for irrigating crops has
been practiced for thousands of years by many
peoples of the world. But only since the late
1800’s has man applied scientific knowledge to
watering drylands to increase crop production.
The wise use of soil and water resources has
changed millions of acres of once barren
wasteland and desert into productive farms
supporting prosperous communities.

Development of water resources by the
Government to provide irrigation water for the
arid lands of the western United States was
initiated when the Reclamation Act of 1902
was passed during President Theodore
Roosevelt’s administration. Because of his
strong leadership ability and contempt for
abusive exploitation of our natural resources,
he became regarded as the steward of the
public’s welfare.

Reclamation engineers and scientists through
the years have developed canal structures for
irrigation systems which can effectively
perform their intended functions. This
publication has been prepared to illustrate the
application of canal structures having design
discharge capacities up to 100 cubic feet per
second. Several types of canal structures have
been standardized for this capacity range and
are presented herein. Structure sizes required
to discharge these flows are relatively small;
however, engineering principles used in their
design are also applicable to canal structures of
greater capacity.

The need for this publication became
apparent by the number of requests received,
both foreign and domestic, during the past
years. It is intended that this book provide the
design engineer with a source of condensed
information for use as a guide in efficiently
designing small canal structures. The design
engineer must realize, however, that sound
engineering principles and judgment must be
exercised in the selection and utilization of the
structures, and that the use of design methods,
procedures, and other information herein
remains his responsibility.

There are occasional references to
proprietary materials or products in this
publication. These must not be construed in
any way as an endorsement by the Bureau of
Reclamation since such endorsement cannot be
made for proprietary products or processes of
manufacturers or the services of commercial
firms for advertising, publicity, sales, or other
purposes.

The text of this publication was prepared by
a design team comprised of Bureau of
Reclamation engineers from the Engineering
and Research Center at Denver, Colorado,
under the overall direction of H. G. Arthur,
Director of Design and Construction.

The text was coordinated and edited by A.
J. Aisenbrey, Jr., Civil Engineer, Hydraulic
Structures Branch. Team members who
authored the presentations for the canal
structures were R. B. Hayes, D. L. Winsett, and
R. B. Young, Civil Engineers, Hydraulic
Structures Branch and H. J. Warren, General
Engineer, Engineering Reference Branch.
Editorial guidance, final review, and
preparation of the manuscript for publication
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VI

was performed by W. E. Foote, General
Engineer, of the Technical Services Branch.
The revised reprint was edited by R. D.
Mohrbacher, General Engineer, Technical
Services and Publications Branch.

Many photographs used in the book were
obtained through the cooperation of various
Bureau of Reclamation offices and assembled
for selection by R. S. Dinsmore, Civil
Engineering Technician, Hydraulic Structures
Branch under the guidance of D. L. Winsett.

Hlustrations were prepared in the Drafting
Branch, Division of Engineering Support by L.
L. McGhghy and W. D. Anderson under the
guidance of W. W. Groom and direction of B.
F. Wilson.

Special recognition is given to Dr. J. W. Hilf,
Chief, Division of Design, G. N. Thorsky,
Chief, Division of Engineering Support; A. T.
Lewis, Chief, Hydraulic Structures Branch; G.
W. Birch, Head, Canal Structures and Bridges
Section and engineers in this section for their
support, guidance, and counsel.

PREFACE

The engineers who authored and edited this
publication wish to express a special thanks to
the staff of the Media Unit who worked many
long and hard hours to obtain a quality
publication. Other thanks are directed to the
printing assistants, production unit personnel,
and those who coordinated the work flow.

Food and fiber, essential to the weli-being
of mankind begins with the smallest viable
seed, which when its fruit is harvested may
provide substance to placate the hunger of
man.

To believe that even the smallest seed will grow
is
To believe in the force of will.

To transform the desert into a living oasis is
To transform despair into hope,

That all mankind may be enriched
And share in the power of Charity.
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« Chapter |

General Requirements and

Design Considerations

1
A. J. AISENBREY. JR.

A. GENERAL REQUIREMENTS

1-1. Purpose.—To fulfill a project purpose
of producing crops or increasing crop
production, water delivery to the land must be
provided by a reliable and efficient irrigation
system. A sun-drenched, parched soil may need
only water to change it from a sparsely
vegetated, thirsty desert to a high-yield crop,
farmland oasis as illustrated in figure 1-1. An
increased crop yield of premium quality is very
likely if the proper amount of moisture is made
available to the crop when needed. (See fig.
1-2).

A canal is frequently used to convey water
for farmland irrigation. In addition to
transporting irrigation water, a canal may also
transport water to meet requirements for
municipal, industrial, and outdoor recreational
uses. A variety of recreation is provided by
reservoirs as shown in figures 1-3 and 1-4.

The conveyance canal and its related
structures should perform their functions
efficiently and competently with minimum
maintenance, ease of operation, and minimum
water loss.

1-2. Structures.—Many different types of
canal structures are required in an irrigation
system to effectively and efficiently convey,
regulate, and measure the canal discharge and
also to protect the canal from storm runoff
damage.

The design capacity of the conveyance,
regulating, and water measurement structures

ICivil Engineer, Hydraulic Structures Branch, Bureau of
Reclamation.

discussed throughout this publication is limited
to 100 cubic feet per second.

(a) Conveyance Structures.—In addition to
the canal itself, it is usually necessary, because
of topography or existing manmade features,
to use inline canal structures to convey water
along the canal route. Such structures include:
(1) inverted siphons to convey canal water
under natural channels, (2) road crossings to
carry canal water under roadways, (3) bench
flumes to conduct the water along a steep
hillside, and (4) drop or chute structures to
safely lower the canal water down a hillside.

(b) Regulating Structures.—Regulation of
canal discharge begins at the source of water
supply. This may be a canal headworks
structure adjacent to a diversion dam on a
stream or river, a turnout from a larger canal,
or a pumping plant located on a reservoir or
large canal. Downstream from the source of
water supply, regulation of canal discharge is
primarily controlled by outflow through
turnout structures. Where canal flow is to be
divided and directed in several directions,
division structures are used to regulate the
discharge in each direction. Wasteway
structures also are used to control flow in a
canal; however, they are more commonly
thought of as protective structures as their
primary function is to discharge excess canal
flows and thereby protect the canal from
damage.

Regulating structures are also capable of
raising the canal water surface higher than
would normally exist when the canal is flowing
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Figure 1-1. Open canal system supplying irrigation water to citrus groves, Gila Project, Arizona. P50-300-10586

at less than design capacity. A check structure,
for example, is used to raise the canal water
surface when the canal is flowing at partial
capacity so that a turnout structure may still
deliver its designed capacity. Check structures
are spaced at appropriate intervals along a canal
to provide this capability.

(c) Water Measurement
Structures.—Efficient management of an
irrigation system insists that measurement of
the rate-of-flow and volume delivered be made.
Equitable water distribution to the users is a
primary consideration. Water measurement also
tends to prevent unnecessary wasteful water
management practices, thereby enhancing the
conservation of this great natural resource.

Several types of water measurement
structures or devices are used. Parshall flumes,
weirs, weir boxes, open-flow meters, and
constant head orifices are the more common
types.

The constant head
sometimes used as an
measurement structure, is more commonly
used in conjunction with a turnout and
therefore is discussed in detail with regulating
structures.

Selection of the type of structure best suited
for a particular installation is discussed in
chapter V.

(d) Protective Structures.—Provisions must
be made in an open irrigation system to

orifice, although
inline canal water
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Figure 1-2. Irrigating corn using siphon tubes, Red Willow Unit, Nebraska. P328-701-6140

Figure 1-3. Boating on the Rogue River Project, Oregon. Figure 1-4. Fishing on Hungry Horse Reservoir, Montana.
C448-100-148 C447-100-50
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externally protect the canal on the uphill side
from damage by storm runoff water, and
internally protect the canal from excess canal
flows caused by storm waters entering the
canal, or by misoperation of the canal system.
Cross-drainage structures and wasteways
provide this protection.

Cross-drainage structures are used to direct
storm runoff flows under the canal through
culverts, over the canal in overchutes, or into
the canal by drain inlets.

Wasteways evacuate excess canal flows over
side channel spillways, through radial gated
spillways, or through siphon spillways.

(e) Structure Components and
Appurtenances, —Nearly all canal structures are
made of several different structural parts which
together make up the complete structure.
These parts, (components and appurtenances)
include:

(1) Pipe.—Pipe is commonly used for
that part of a structure placed
underground and which may or may not
be subjected to internal hydrostatic
bursting pressure. Pipe is made from one
of several different materials such as
reinforced concrete, asbestos cement,
welded steel, corrugated metal, or
reinforced plastic mortar. Selection of the
appropriate pipe material is dependent on
several considerations discussed later in
chapter VIII.

(2) Pipe appurtenances.—Appurte-
nances include such items as pipe collars,
air vents, blowoffs, manholes, and are
discussed later in chapter VIII.

(3) Transitions.—Transitions connect a
canal or natural channel to a structure
inlet or structure outlet. Several different
transition configurations of reinforced
concrete are used. Earth transitions are
used as required to vary base widths and
invert slopes. See chapter VII for a
detailed discussion of transitions.

(4) Energy dissipators. —Energy
dissipators are used at the outlet ends of
drop or chute structures to dissipate
excess energy. Energy dissipation may be
achieved by a hydraulic jump in a stilling
pool or by impact in a baffled outlet.
Excess energy may also be dissipated by a
hydraulic jump within a pipe; by impact
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on a baffled apron; by impact and valve
losses in a high-head vertical ecnergy
dissipator; or simply by a vertical drop of
a few feet into a pool of water. Energy
dissipators are discussed in detail in
chapter VI.

(5) Safety features.—Safety features
are used to prevent humans, livestock, and
wildlife from entering a canal and canal
structures, and also to assist in their
escape if inadvertently entered. Various
types of fencing, guardrail, nets, racks,
ladders, and signs are used as safety
precautions. See chapter IX for a more

detailed discussion of canal safety
features.

1-3. Other Requirements.—Many
requirements vital to a complete and
competent design of a canal water-delivery
system are beyond the scope of this
publication. However, the more basic

considerations are briefly discussed in this
section to remind or acquaint the reader of
other essential design data requirements.

(a) Canal —Design capacity for an irrigation
canal is determined by the maximum water
demand which is primarily dependent on the
following considerations: (1) the area to be
irrigated, (2) crops to be grown, (3) rotation or
demand system for turnout deliveries, (4)
water losses from evaporation and seepage, and
(5) anticipated efficiency of water application
to the crops. Records of actual water use for
conditions similar to the system to be designed
are valuable guides for estimating the quantity
of water required for each acre. Soil
characteristics and climatic conditions should
also be evaluated. Figure 1-5 shows furrow
irrigation of crops from a header ditch, and
sprinkler irrigation is shown in figure 1-6.

Location of the canal with respect to the
land to be irrigated is primarily influenced by
topography and economic considerations. If,
for example, water delivery cannot be made by
gravity, the additional cost of pumping would
be included in an economic study. Figure 1-7
shows water delivery by gravity from the canal,
through a turnout, to the farmland.

Considerations for the selection of the canal
hydraulic properties include erosion resistance
for the banks and invert of an earth canal,
sideslope stability, hydraulic efficiency,
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Figure 1-5. lImrigating sugar beets on the Boise
Project, Idaho. C4-100-188

Figure 1-6. Sprinkler irrigation in the Coachella
Valley, California. LC830

Figure 1-7. Irrigating fruit on the Yakima Project,
Washington. C-33-100-80

operational flexibility, and economics. The
need for canal lining and selection of the type
of lining are also determinations which must be
made.

5

(b) Other Structures.—Detailed discussions
of structures such as tunnels, bridges, utility
crossings, and fish screens and fish ladders are
not included herein.

Tunnels are used where it is more
economical to convey canal water through a
ridge or hill than to: (1) pump water over the
obstruction, (2) convey the water along the
hillside or around the ridge, or (3) construct a
canal section requiring a very deep cut.

Bridges for roadway traffic over a canal are
generally used for canals of much greater
capacity than 100 cubic feet per second.
However, if the monetary value of hydraulic
head in the canal system is particularly high, a
cost comparison of a bridge and a road crossing
structure may be warranted as the head loss
through a pipe road crossing could be
significant.

Utility crossing structures are provided for
existing utilities such as gas, oil, water, sewage,
electricity, and communication lines. Utility
lines may cross over or under the canal, and
frequently require special design considerations
to comply with the utility owner’s
requirements and the canal design criteria.

Fish screens and ladders are special
structures at or near the source of canal water
supply. Screens exclude fish from a canal
whereas ladders permit migration in the natural
channel.

(¢c) Soils Exploration.—The following very
generally and briefly discusses some of the
more important considerations associated with
a soils exploration program. Methods and
procedures for drilling, sampling, and testing
are also very important [1].2

Soils investigation along a canal and at
structure sites is required to: (1) identify the
soil materials to be excavated, (2) identify the
soil for potential use as canal embankment, (3)
determine the foundation adequacy for canal
structures and lining, (4) determine the need
for canal lining, (5) determine canal sideslope

stability, (6) assess erosion resistance
characteristics, (7) determine underdrain
requirements for lined canals, and (8)

2Numbers in brackets refer to items in the bibliography,
sec. 1-25,
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determine water-soluble sulfate ion
concentrations.

Soil material to be excavated has one of two
classifications: rock or common (soil). The
materials remolded and wused for canal
embankment construction should ideally be
nonexpansive, possess adequate remolded
shearing strength, be relatively impervious, and
relatively erosion resistant if hard-surface canal
lining is not used. The soil in its natural state
should also possess these qualitics. [t s
sometimes necessary to locate a source of
borrow material for canal embankment, for
backfill adjacent to structures, and for
foundation pads under the structures.

The reaches of a canal which traverse low
density soils highly susceptible to
hydrocompaction should be well delincated. In
addition, the depth to subsurface water levels if
present in any exploration hole should be
recorded.

Canal structures discussed in this publication
are relatively small and consequently
foundation pressures are quite low. Therefore,
structure settlement caused by foundation
consolidation will wusually be small in
magnitude. Foundation treatment however,
may be required to protect the structure from
expansive soils or from undesirable scttlement
of low-density material.

Sulfate concentrations in the soil samples
and water samples indicate the relative degree
of potential sulfate attack on concrete [2].
Specifying the appropriate type of cement used
in the concrete mix is usually all that is
required to safeguard the concrete. Fly ash is
also sometimes used in the concrete mix for
sulfate resistance [3].

Although a well planned and executed soils
exploration program may be conducted, an
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admonishment by the eminent soils engineer
Karl Terzaghi must always be borne in mind:
“ .. .results of subsurface exploration still
leave a wide margin for interpretation.” 4]
Sound judgment is a requisite in all soil
exploration programs.

(d) Hydrology.—The canal system should be
reasonably well protected from damage which
could occur from storm runoff. The runoff
area contributing to a natural drainage channel,
the ground slope and vegetative density of the
area, and storm frequency to be used for design
are all infiuential in determining the design
capacity for cross drainage structures.

(¢) Sedimentation. —Aggradation and
degradation studies for a natural drainage
channel provide the necessary data to
determine carth cover required, for example,
over the top of the pipe for an inverted siphon
extending under the drainage channel
Degradation, if extensive enough could cause
an empty pipe to float; whereas aggradation
could create external carth loads great enough
to crack or otherwise damage the pipe.

(f) Opecration and Maintenance. —In a
Bureau of Reclamation designed system, a
designers’ operating criteria (DOC) is usually
provided to assist operation and maintenance
(O&M) personnel in adequately protecting the
canal system from unnecessary damage which
could otherwise be caused by misoperation or
inadequate maintenance. A rigorous
maintenance program should include control of
weeds, aquatic growths, insects, and pests.

Experience has shown that a well maintained
and operated canal system usually has
dedicated personnel—people who are justly
proud of their work and take pride in what
they do—people who care.

B. DESIGN CONSIDERATIONS

1-4. General —Canal structures which have
been standardized in this publication, show
concrete dimensions and reinforcement steel,
and are appropriately sized to provide for

hydraulic, structural, and stability design
considerations.
Hydraulic  design provides: (1) adequate

discharge capacity for inline canal structures,
when properly selected and hydraulically set,
to convey the flow at normal canal water
depths, (2) adequate built-in overflow capacity
for inline canal structures to limit infringement
on the canal bank freeboard for emergency
operation or misoperation of the canal, (3)
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adequate structural proportioning and
appropriate hydraulic setting of structures to
permit excess energy dissipation with minimum
water turbulence at the downstream ends of
the structures, and (4) structural proportioning
of certain transitions to minimize hydraulic
head loss.

Structural design provides: appropriate
concrete thicknesses and reinforcement steel
patterns for structural members to resist
bending moment, thrust, and shear stresses
imposed by reasonable loads on the structure.

Stability design provides: adequate
structure dimensions so that for most soil
foundation materials, the structure will: (1)
resist sliding and overturning, (2) prevent
percolating water from removing foundation
materials, and (3) provide foundation pressures
less than the maximum allowable bearing
pressure.

Design examples for structures which have
not been standardized illustrate a
recommended hydraulic design procedure, but
exclude structural design and stability analysis.

1. Loads

1-5. General. —Loads which canal structures
must capably resist include dead load weights,
live loads on operating decks, lateral pressures,
bursting and uplift pressures, and wheel loads.

1-6. Dead Load Weights.—Commonly used
dead load weights for small canal structures are
presented in the following tabulation:

Weight,
Load (Ibs./cu. ft.)

Water 624
Backfill

Dry 100

Saturated 125
Compacted backfill

Dry 120

Saturated 135
Concrete 150

To conveniently differentiate between soils
which are above and below the water level in a
soil mass, the terms dry and saturated are used.
Obviously the soil adjacent to a structure is not
ovendry and does possess a certain moisture
content.

1-7. Operating Deck Uniform Live
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Loads.—Operating decks for structures using
stoplogs are designed for a uniform live load of
150 pounds per square foot; otherwise a
uniform live load of 100 pounds per square
foot is used. Decks for radial gate hoists require
special structural design considerations which
are not included herein.

1-8. Lareral Pressures.—Lateral pressures
from several different sources are imposed on
walls of structures. Resultant forces from these
pressures must be adequately resisted by the
reinforced concrete.

(a) Water.—A fluid pressure of 62.4 pounds
per square foot (psf) per foot of depth is
caused by water. The pressure diagram is
triangular with the resultant force acting at
one-third the height above the base of the
pressure diagram.

(b) Earth.—Active earth pressures may be
determined wusing Rankine’s solution of
Coulomb’s equation [5]. The pressure diagram
is assumed to be triangular, the same as for
water, with the resultant force acting at
one-third the height above the base of the
pressure diagram. Because of this similarity
with the fluid pressure of water, the pressure
caused by earth is sometimes referred to as an
equivalent fluid pressure.

Standardized canal structures have been
structurally designed to resist moist earth
active lateral pressure equal to 30 psf per foot
of depth and saturated earth active lateral
pressure of 85 psf per foot of depth. Unless
unusual soil properties exist, these values are
considered adequate for design of small canal
structures. For a detailed discussion of earth
pressures on concrete retaining walls, see
bibliography reference [5].

(¢) Construction and Operating Equipment
Wheel Surcharge. —Walls of structures should be
designed to withstand construction and
operating equipment wheel loads which are
transmitted through the earth adjacent to the
structure. An additional lateral load equivalent
to 2 feet of earth surcharge is usually used.
This results in an additional uniformly
distributed lateral pressure (rectangular
pressure diagram) of 60 psf from the backfill
surface to the bottom of the wall. Standardized
canal structures are designed to withstand this
additional load.

(d) Jce.—Ice loads on structures should be
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considered if wintertime canal operation is
required. The magnitudes for ice thrust
presented in bibliography reference [5] may be
used.

(¢) Wind —Wind loads on small irrigation
structures are not included in the structural
and stability analyses.

1-9. Other Pressures.—(a) Uplift. —Uplift
pressures, which may be caused by water
percolating under or along the sides of
hydraulic structures, reduce the effective
weight of a structure and are therefore
particularly significant in the stability analysis.

Stilling pool floors, for example, are
subjected to uplift pressure from downstream
water levels which may saturate the soil behind
the wall to a significantly higher elevation than
the water depth in the pool just upstream from
the hydraulic jump. Weep holes are used to
lower the saturation level.

(b) Hydraulic Transients.—Pressure surges in
a pipe and bore waves in a canal accompany
any change of flow in the system. These
transients are usually of insignificant
consequence in a small, open irrigation system
and are therefore generally omitted from
structural design considerations. A gradual rate
of change of flow minimizes the magnitude of
hydraulic transients.

(¢) Seismic.—Additional earth and water
pressures imparted to small canal structures by
earthquakes are not included in the design
considerations. The increased loads are minor
since the earth, water, and concrete masses are
all small. Temporary stress increases caused by
seismic loads would therefore be minor.

1-10. Wheel Loads Transmitted to Buried
Conduit. —Pipelines crossing under highways
and railroads must be designed to withstand
surcharge loads from trucks and locomotives.
Concentrated wheel loads are transmitted
through earth cover and distributed at the top
of pipe where they are considered to be
uniform loads. For design convenience, the
uniform loads are converted to equivalent
heights of compacted earth cover and added to
the actual earth cover. Pipe is selected to
withstand this total equivalent earth cover.

(a) Highways.—Equivalent earth cover for
highway wheel loads is based on criteria of the
American  Association of State Highway
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Officials [6] (AASHO). The following
tabulation shows total equivalent earth cover
for various heights of earth cover over the top
of the pipe with H-15 and H-20 truck wheel
loads.

Total equivalent earth cover for
Height of wheel loads shown,
carth cover, feet
feet H-15 loading H-20 loading
2 11.8 15.1
3 7.5 9.1
4 6.9 7.8
S 7.3 8.1
6 8.0 8.6
7 8.7 9.2
8 9.4 9.9

For earth covers less than 2 feet, special
provisions such as concrete encasement of the
pipe or slab covers are required. Wheel load
effcct is negligible when the earth cover is more
than 8 feet.

Wheel load impact factors used for earth
covers less than 3 feet are as follows: (1) 10
percent for earth covers of 2 feet 1 inch to 2
feet 11 inches, (2) 20 percent for earth covers
of 1 foot 1 inch to 2 feet, and (3) 30 percent if
the earth cover is 1 foot or less.

Special provisions, such as detours and
safety precautions, as may be required by a
highway commission should be included in the
design specifications.

(b) Ruailroads.—Design and installation of
pipe under a railroad often requires special
provisions to comply with the railroad
company requirements. Jacking casing pipe
through the railroad embankment is a common
requirement. Pipe used to convey the canal
water (carrier pipe) is then installed in the
casing pipe.

The top of pipe installed under a railroad
roadbed is usually at least 3 feet below the top
of the railroad tie unless otherwise specified by
the railroad.

For an E-72 railroad loading [7], usual
Reclamation practice is to provide a pipe class
to withstand a total equivalent cover of 20 feet
when the top of pipe is 3 to 15 feet below the
top of the railroad tie. Additional load caused
by impact is included in the total equivalent
cover previously discussed.
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2. Stability

1-11. Bearing Capacity.—Foundation
bearing pressures for small structures are of
small magnitude and will ordinarily be less than
allowable bearing pressures for the various soil
types [5].

Foundation treatment may be required,
however, for low-density or expansive
foundation soils. Ordinarily, hydrocompaction
by ponding will sufficiently consolidate soils of
low density. Overexcavation of the foundation
soil and replacement with compacted,
nonexpansive soil is a usual treatment for
expansive soil foundations. The nonexpansive
soil surcharges the underlying expansive soil
and thereby can adequately reduce the
foundation movement. Overexcavation is also
sometimes used for foundation treatment of
low-density soils.

When installing pipe in rock, the foundation
should be overexcavated and replaced with a
gravel or earth cushion to permit a more
uniform bearing pressure for the pipe. This is
essential to effectively wutilize the design
strength of the pipe, and to preclude unequal
settlement and resultant cracking of pipe.

1-12. Sliding Coefficient.—Any structure
subjected to differential lateral pressures must
capably resist the tendency to slide. Resistance
to sliding is developed by shearing strength
along the contact surface of the structure base
and the foundation, or by shearing strength
within the foundation material itself. Shearing
strength developed by cohesion is omitted and
only that developed by mechanical friction at
the base and foundation interface is used for
sliding analysis of small structures. An
allowable sliding coefficient equal to 0.35 is
used unless unusual soil conditions exist. This
may be expressed as:

ZH

-E_I\T= 0.35
where:

ZH = summation of lateral forces acting
parallel to the assumed sliding
plane, and

ZN = summation of forces, reduced by

uplift, acting normal to the
assumed sliding plane.

1-13. Overturning.—To prevent overturning,
the sum of the stabilizing moments must
exceed the sum of the overturning moments on

the structure. Checks and check-drop
structures are perhaps the most critically
loaded small canal structures subject to

overturning. Maximum upstream and minimum
downstream water surfaces subject these
structures to unsymmetrical loads which tend
to cause overturning.

The resultant of all forces acting on the
structure should fall within the middle third of
the structure base to provide safety against
overturning. This location of the resultant also
provides a more uniform bearing pressure on
the foundation.

1-14. Percolation.—All standardized canal
structures have sufficient cutoff and structural
lengths to provide a percolation factor of 2.5
or more. This is considered adequate for most
soils to prevent piping of foundation materials
from beneath or adjacent to small structures.
Under ordinary operation, the maximum
differential hydraulic head across the structure
causing percolation is of short duration. For a
more detailed discussion of percolation, see
subchapter VIII C.

3. Hydraulics

1-15. Hydraulic Control.—In the competent
hydraulic design of any hydraulic structure it is
necessary to first determine the location of the
water surface control.

Hydraulic control is at the downstream end
of a structure if the downstream water surface
influences the height to which the upstream
water surface must rise. If the downstream
water surface does not influence the upstream
water surface, the control is at the upstream
end of the structure.

Upstream control for example will usually
exist for a relatively short culvert conveying
storm runoff under a small canal where the
outlet channel water surface is several feet
below the upstream pipe invert. In this
instance, the downstream water surface does
not control the upstream water surface;
instead, the upstream water surface is
controlled at the inlet end. The upstream pipe
invert elevation, the size of pipe, and the
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assumed entrance loss are all factors which
determine the height to which the upstream
water surface must rise to discharge the flow.

Downstream hydraulic control exists for a
properly designed inverted siphon when flow is
at design capacity. The canal water surface at
the downstream end of the siphon controls the
upstream canal water surface. For partial
discharges, hydraulic control is at the siphon
inlet if the downstream water surface is low
enough to permit the water to enter the siphon
at minimum energy, which is at critical depth.

For many structures, location of the
hydraulic control may be determined by
inspection of the structure profile and the
normal channel or canal water surfaces at each
end of the structure. In other cases the
Bernoulli theorem [8] should be used to
determine the hydraulic control location.
Beginning from a known downstream water
surface, a Bernoulli equation can be written
between pairs of consecutive points. If a
Bernoulli balance is attainable between all pairs
of points from the outlet through the inlet,
downstream control exists. If, however, a
Bernoulli balance is not attainable between two
consecutive points, a hydraulic jump between
the points is indicated and hydraulic control
will be at the inlet. It may then be assumed
that the water depth in the pipe at the inlet is
at critical depth; that is, at minimum energy.

1-16. Hydraulic Head
Losses. —(a) Friction.—~The Manning formula,

_ 1.486
[8] V= -

friction losses in a canal system. For all
monolithic concrete canal structures, a
roughness coefficient n = 0.014 is used.
Roughness (friction) coefficients used for pipe
are n = 0.013 for precast concrete, asbestos
cement, reinforced plastic mortar, and steel,
while n = 0.024 is used for corrugated-metal
pipe. A 20 percent reduction in the n value is
used as a safety factor in the hydraulic analysis
of excess energy dissipation for those
structures which perform this function.

(b) Transitions and Bends.—Transitions are
used to geometrically change the water prism
shape and cause acceleration or deceleration of
the flow. Losses associated with convergence
and divergence of the water prism are discussed
in chapter VII.

r2/3 /2 is used to determine
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A change in the direction of flow causes
bend losses. The magnitude of the loss is
dependent on the water velocity, and the angle
for a miter bend or the degree of curvature of a
circular curve. Pipe bend losses are discussed in
chapter VIIL

1-17. Discharge Coefficients.—(a) Ori-
fice.—For a conduit flowing full, the discharge
coefficient, C, used in the orifice equation [8],
Q =CA+/2gH, indicates the magnitude of the
assumed entrance loss. Values of C may be
related to an entrance loss coefficient, K, in
the expression K,h,, by the relationship

K, = (% — 1. Values commonly used are:

C Kq
0.6 1.78
0.7 1.04
0.75 0.78
0.8 0.56
0.82 0.50

The value for C in the orifice equation is
primarily dependent on the hydraulic entrance
conditions. Subsequent chapters of canal
structures using the orifice equation indicate ar
appropriate C value for a specific design.

(b) Weir.—Weirs are commonly used to
measure the rate of flow of water. The basic
weir equation [8] is Q = CLH®/%. The
appropriate value for the discharge coefficient,
C, is primarily dependent on the geometric
shape of the weir and contraction of the sheet
of water flowing over the weir.

Values for C and equations for the more
commonly used weirs are:

Weir Weir equation
Rectangular suppressed Q=333L H3/2 y
Rectangular contracted O = 3.33 (L - 0.2H) H3/
Cipolietti Q=3367L 17,

For a comprehensive discussion of weirs, see
chapter V.

4. Structural Considerations

1-18. Reinforced Concrete.—(a) Allowable
Stresses. —Standardized canal structures
included herein, which show concrete
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thicknesses and size and
reinforcement bars, were designed by the
working stress method based on a ccucrete
strength of 4,000 pounds per square inch (psi)
at 28 days (f), and reinforcement steel having
a specified minimum yield strength of 60,000
psi (fy). Allowable working stresses used were
1,800 psi compression (f.) for concrete and
24,000 psi tension (f;) for reinforcement steel.
For many of the smaller standardized
structures, nominal minimum concrete
thicknesses and minimal reinforcement steel
patterns control the design. In these cases the
concrete and steel strengths indicated could be
reduced without jeopardizing structural
integrity.

Reinforced precast concrete pressure pipe
was designed by the ultimate strength method
using £ = 4,500 psi, f, = 40,000 psi, and an LF
= 1.8 as a load factor.

(b) Minimum Reinforcement
Requirements.—The minimum reinforcement
used for canal structures should be No. 4 bars
(1/2-inch diameter) at 12-inch spacing when
reinforcement is placed in a single layer, or
where exposed faces of concrete are reinforced.
In unexposed faces of concrete having
two-layer reinforcement, the minimum
reinforcement should be No. 4 bars at 18
inches.

The following criteria should be used to
determine the cross-sectional area for
temperature or minimum reinforcement. The
percentages of reinforcement steel areas listed
are percentages of the gross cross-sectional area
of the concrete to be reinforced:

(1) Single-layer reinforcement.—For slabs
with joint spacing not exceeding 30 feet
and:

Not exposed to freezing
temperatures or direct

SUNM « vt i e et e e 0.25 percent

Exposed to freezing
temperatures or direct

SUN ... 0.30 percent

For slabs with joint spacing greater than
30 feet and:
Not exposed to freezing
temperatures or direct

103+ H 0.35 percent

spacing of

Exposed to freezing
temperatures or direct
SUN . ov it 0.40 percent
Walls and other structural members
should have a total percentage of horizontal
reinforcement equal to the sum of the
percentages required for both faces as
determined for double-layer reinforcement.
(2) Double-taver reinforcement.—For
joint spacing not exceeding 30 feet and
with:
Face adjacent toearth . ...
Face not adjacent to earth
nor ¢xposcd to freezing
temperatures or direct
SUN ..o it
Face not adjacent to earth
but exposed to freezing
temperatures or direct
SUN . oot 0.20 percent

If a structural member exceeds 30 feet in
any direction parallel to the reinforcement, an
additional 0.05 percent of reinforcement steel
area is required in that direction.

If a stab is fixed along any line, the
dimension from the line of fixity to the free
end is doubled to determine if the
reinforcement requirement should be based on
a length not exceeding 30 feet or a length
greater than 30 feet.

Reinforcement spacing should not exceed
three times the thickness of the member for
temperature reinforcement and twice the
thickness of the member for stress bars.

Other minimum requirements and general
notes for designing, showing, and detailing
reinforcement steel are indicated on figure 1-8.
When using the illustrations of standardized

0.10 percent

0.15 percent

canal structures presented herein as
construction drawings, figure 1-8 should be
used for general notes and minimum

requirements for detailing reinforcement.

(c) Minimum Wall Thickness.--To provide
case of concrete placement and insure good
bond between the reinforcement and concrete,
the minimum concrete thickness of cantilever
walls should be 1 inch per foot of height (5
inches minimum) for walls up to 8 feet high.
For walls exceeding 8 feet in height, the
minimum concrete thickness should be 8
inches plus 3/4 inch for each foot of wall
height greater than 8 feet.
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GENERAL NOTES
UNLESS OTHERWISE SHOWN ON THE DRAWINGS, THE DETAILS AND NOTES
SHOWN ARE TYPICAL FOR ALL DRAWINGS THAT REFER TO THIS DRAWING

ABBREVIATIONS:
bf =bottom face br=bottom row bl=bottom layer

tf=top face tr="rfop row t=top layer
nf= near face nr=near row mi=middfle loyer
ff= for foce fr=for row ns=near side

er=each row  fs=for side
ir=inside row es=eqch side
or=outside row ew=each way
mr=middle row ec=eoch corner
spc.= spoce or spaces

eq. spc = equolly spoced, equal spaces

0=nominol diometer of remnforcing bar
uv=umformly varying lengths of bars between
lengths shown

cl = clear

ctr = center or centers

ef= each face
if= inside face
of = outside face

SYMBOLS :

Bors shown thus — L Fe@iz or ____FeBg g 7L,
indicete o group of identical bars equally spoced
s——An open circle af the end of o bor indicotes

¢ hend with the bar turned away from the observer.
4 ciosed circle at the end of g bar indicates
2 bend with the bar furned fowards the observer
Spiices shown thus =>——ndicate o lapped spiice,
23t 0 bead in the bar

DIMENSIONS :
{imensions are to the center lines of the bars unless
otherwise shown
Cieer cover dimensions are morked ¢l

COVER :
Ploce the reinforcement so that the clear distance

tetween foce of concrete ond necrest reinforcement

is 14" for ¥5 bors and smailer and 2" for *s bors

oad larger, except provide a cleor distance from face
of concrete placed against earth or rock of 2" where

member thickness s 9 or iess and 3'where member
thickress is greater than 9 the clear distance
being to the design dimension line

Reinforcement paralleling consfruction joints should
rave @ mintmum of 2'clear cover

PLACING :
Rewnforcement at smail openings (max 18"} in walls
and siabs may be spresd oport not more than
1§ trmes the bar spocing
Reinforcement may be adjusted laterally to mainfoin
o clear distance of of least " between the rein-
forcement and keys, waoterstops, anchor bolts, form
ties, conduits, end other embedded materiai. In
heavily reinforced areas relocction of the
embedded material shovid be considered
Bars should not be bent to grenter fhan
€ to { slope
Remnforcement parallel fo anchor boits or other

embedded material should be ploced to maintain o clear

distance of of iegst 1§ fimes the moximum size
aggregofe .

SPACING :
The first ond last bars in walls ond slabs, stirrups
in beams, and ties in coiymns skould storf and end
at @ maximum of one hoif of the odjocent har
spacing

STANDARD MOOKS:

Hooks should have 180° bends and extensions of 4-bor
digmeters but not less than 23 parellel to the man
Jeg of the bor or 30° bends and extensions of of
least 12-bar diometers. Hooks for stirrup and tie
anchorage only should nave either o 90°or 135° bend
plus an extension of ot lecst 6~bar diometers but
not less than 2;’”0# the free end of the bar. Radius
of bend to be as specified n the toble of pin diameters,

A bor { ——) with o stondord 180° hook on one end s
referred to os an ‘4" bar

A bar{c—) with o standord 180° hook on both ends s
referred to os o ‘8" bor

BENT BARS:
Only billet steei or gxle steel sholl be used for
bars to be pent
Unless other rodius bends are indicated on fhe
design drowings, all reinforcement requiring
bending sholl be bent cround o pin hcving the
foliowing diometer

TABLE OF PIN DIAMETERS IN INCHES
BAR NO. (#) |3 |4 5|6 |7 |89 0|1 |4 18
Standard bends |23 | 3 [32]6 | 7] 8 gl [ied] 17 [e2f

i

Stirrup and tiebenatd 13 |23 |33 |54 ] 7 | 8 |iog|i3 12k

SPLICES:

Unless otherwise shown the minimum length of fap for
splictng porollel bars shall be as given in the fable.

Splices shali be stoggered, to give 12 inches clear between
ends of adjocent spiices, if bors are spaced closer than
6 inches or 6 bar diometers

Noncontact lop splices shall not be spoced forther aporf
than one-fifth the required length of lop or 6 inches
When reinforcing bars of different size are fo be spliced,
the length of lap shail be governed by the smalier
digmeter bar

Splices are to be made so thot the given distances to face of
concrete will be maintained

SPLICE AND EMBEDMENT LENGTHS

REINFORCEMENT DOWELS:

Dowels indicated on the drawing, such as %8 (d),
should have an embedment equal to Lo ond a
projection equol fo that required for lop splicing
a bar of the some digmefer

PLAIN DOWELS :

Plain dowels across confraction joints should be smooth
bars uniformly coated with a film of ot before
concrete placement. Viscosity of the oil should hove o
SAE roting of nof less than 250

ACCESSORIES:

Bar supports, spacers,and ather accessories are not
shown on the design drowings. The recommendations
of ACI 315 or ofther agpproved supporting systems
may be used

REFERENCES :

Uniess otherwise shown follow the recommendations
established by American Concrete Institute’s ‘Maonvai
of Stondord Proctice for Detailing Reinforced
Concrete Structures' (ACt 315)

REINFORCEMENT:

Remnfarcement should conform to ASTM deswgnotion
A615 Grade 60 or to ASTM designatior A617
Grode 60

NOTES TO DESIGNERS:

Sphice lengths shown in the tables on this drawing are
for Ciass 8 sphices, spoced ot least 6 inches on
centers, (0.8 x13 Ly) in accordonce with ACH 318-71
Splices requiring lop tengths other than those for
Ciass 8 must be detoiled on the rewnforcement
design drowings

Embedment length, Le, in the above tables s based
on "other" bars with a spacing of ot least 6 inches
or 6 bar diameters

fe = 4000 psi fy = 60,000 psi
8AR SIZE| LENGTH OF LAPPED SPLICE i INCHES | EMBEDMENT
NO_|0id (.| TOP BARS % OTHER BARS Le TN,
30375 [E B B
| 4 [cs00 8 B 2
5 [0625 22 ) i6 o
6 [0750 26 1 i3 1 e
7 los7rs] 33 s
s |1.000 44 24
(o lrize] 55 I 30
w0 270] 70" T "3
[/ |i400 86 o a7

* Top bars are horizontal bers in beoms and slobs
so placed thet more thaon 12 inches of concrefe is
cost in the member below the bar

CHAMFER:
Chomfer oll exposed concrete edges 2,

CONCRETE THICKNESS:
Concrete thickness to vary uniformiy befween dimensions shown .

DESIGN:
in tms publication, concrete members were designed ty the
working stress method using fh = 4000 psi and fg =
24000 psi

Figure 1-8. General notes and minimum requirements for detailing reinforcement (Sheet 1 of 2). 103-D-1194
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FILLET 12"0R GREATER  FILLET LESS THAN 12"
TYPICAL CORNER DETAILS
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RESTRICTED MEMBER THICKNESS

TYPICAL OFFSET DETAILS
Edge bars ocross thickness of member to be
some size s corresponding woll or sieb bors
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N -~ Second stoge or blockout concrete : N / ¥ ;
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Second <tage or - Symmetrical cbouf € TABLE FOR REINFORCEMENT AROUND OPENINGS
bilockout concrete - MEMBER
b nere. THICKNESs | TIE BARS | EDGE 8ARS
Less thon 10° | None
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? ¢ ~Cover s e ) @R EBler
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ey i < is less than 18"
0, - a 2 Cmit coraer bars at sides of openings odjocent to floors,
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ADDITIONAL REINFORCEMENT AROUND OPENINGS

Figure 1-8. General notes and minimum requirements for detailing reinforcement (Sheet 2 of 2). 103-D-1194
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(d) Fillets.—Fillets are used to relicve stress

concentrations, provide increased strength,
facilitate concrete placement, and to
accommodate removal of forms. For small

canal structures, fillcts are not ordinarily
required for these purposes. However, 6-inch
fillets which may be formed by excavation
lines for the structure are commonly used at
the junctions of cutoff walls and floor slabs.
Fillets used at the base of cantilever walls are
usually 3 inches for walls up to 8§ feet tall.

(¢) Cutoffs.- The primary purpose of cutoff
walls is to increcase the percolation path to
prevent piping of foundation material and
reduce percolation. Cutofts should be used for
structures in a concrete-lined canal as well as
carth canals. Cutoffs also protect a structure
from undermining, if exccessive crosion should
occur in an earth canal. Erosion protection of
coarse gravel or riprap is frequently required at
the ends of structures in an earth channel to
control erosion. Criteria to determine if erosion
protection is required, and the type of
protection required, are discussed later in
subchapter VII B and shown on figure 7-8.
These criteria should be used where protection
is indicated on structure illustrations. The
passive resistance of earth behind a cutoff
increases the resistance of the structure to
sliding, although this resistance is usually
omitted in the stability analysis. Criteria for
lengths and thicknesses of cutoffs are also
included in subchapter VII B.

1-19. Structural Steel and
Welding. -Structural steel used with small canal
structurcs is primarily for stoplog and gate
frame guides. Nominal size members are used
to provide sufficient rigidity. Strength
requirements for steel shapes used to fabricate
safety devices such as handrail and ladders are
also nominal. All dimensions and strengths of
metalwork used in standard canal structures are
included on the illustrations.

Many illustrations in subsequent chapters
show welding requirements for metal parts.
Explanations of the welding symbols and
required welding procedures are included in
bibliography refcrence [9].

5. Canal

1-20. Freeboard. —Canal lining and canal

SMALL CANAL STRUCTURES

banks are extended above the canal normal
water surface as a safety measure to protect the
conveyance system from overtopping.
Frecboard provides for a canal water surface
higher than normal which may be caused by
sedimentation in the canal, temporary
misoperation of the canal system, excess flows
caused by storm runoff entering the canal
through drain inlets, additional water depth
resulting from a rougher friction coefficient
than used for design, and waves produced by
wind or surges which accompany sudden
changes in flow.

Figure 1-9 shows the vertical distance which
canal lining and canal banks should be
extended above the canal normal water surface
to provide adequate frecboard. Special
requirements for canal bank freeboard at
structures such as inverted siphons and drain
inlets are discussed in the appropriate
subchapters for each particular structure.

Freeboard requirements for the canal
structures are also discussed with cach
structure.

1-21. Winter Operation.--Winter operation
of a canal system where temperatures are
subfreezing may require additional canal and
structure freeboard to permit wintertime
design capacity to flow under an ice cover, At
subfreezing temperaturcs an ice cover readily
forms when velocities are less than 2.2 feet per
second. If velocities are fast enough to prevent
formation of an ice cover, frazil ice may form,
and if allowed to accumulate on racks at inlefs
to structures will cause backwater. Additional
forces caused by expansion of the ice cover or
by ice lenses in clayey foundation materials
should be considered.

1-22. Profile Sheet.—Many design examples
of structures in this publication refer to a canal
profile sheet. The development of the canal
profile requires close coordination of data
obtained from several different studies
including: (1) canal design capacity, (2) canal
water surface requirements for turnout
deliveries, (3) canal location with respect to
topography within and adjacent to the canal
prism, (4) canal location to minimize
disturbance or relocation of existing features,
and (5) the canal cross section.

Data from canal plan and profile sheets are
essential for design of the canal structures.
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6. Forms for Structures

1-23. Monolithic Concrete.—It is sometimes
advantageous to use ‘“knock-down,” reusable
steel forms for monolithic concrete
construction of small irrigation structures. A
construction procedure that has been used
successfully is to assemble the specially
designed forms in an area remote from the
construction site, place and tie the
reinforcement steel in the forms, and then haul
the unit to the jobsite. After carefully placing
the structure-form into position, concrete is
placed for the entire structure.

1-24. Precast sufficient

Concrete.—1f a

Figure 1-10. Precast concrete transitions in various
stages of completion. P-707-729-1763

I ‘!- N ﬁdﬂdqi-

Figure 1-11. Placing precast concrete transition.
P-707-729-2134

SMALL CANAL STRUCTURES

number of structures for a small canal system
are identical, it may be economically
advantageous to precast them in a yard and
haul them to the jobsite for installation.

Figure 1-10 shows concrete being placed for
a transition, and completed transitions in the
precasting yard. Slings are frequently used to
lower precast concrete structures into position
at the jobsite, as shown in figure 1-11, for
placing a precast concrete transition. Figure
1-12 shows an inplace, broken-back transition
as a component part of a road crossing
structure.

To provide a uniform bearing surface for
precast concrete structures, a thin layer of
mortar at least an inch thick should be placed
on the foundation surfaces just prior to placing
the structure. A mortar bedding for a precast
concrete inlet to a turnout structure is shown
in figure 1-13.

Standard structures discussed in this
publication which require a deck for
operational purposes, show either precast walk
planks or a precast deck. Precast decks are used
for the longer spans and are not mechanically
connected to the basic structure. The bearing
area at one end should have a very smooth
surface to permit temperature-induced
elongation or contraction of the deck without
causing additional shear and bending moment
stresses on the structure. Two asbestos sheets
each having graphite on one side only and with
the graphite surfaces in contact are sometimes
used to provide such a surface.

Figure 1-12. In-place precast concrete transition,
partially backfilled. PX-D-72830
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Figure 1-13. Precast concrete turnout inlet being
lowered into position on mortar pad. P-707-729-1769

Figwre 1-14. Slide gate being operated to control
flow through turnout. P(F)-200-5717 NA
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& Chapter i

Conveyance Structures

A. GENERAL

2-1. Purpose.—Conveyance structures are
those structures such as road crossings, inverted
siphons, drops, chutes, flumes, canals, and
pipelines that are used to safely transport water
from one location to another traversing various
existing natural and manmade topographic

features along the way. Canals and pipelines
will not be discussed in detail in this
publication and the technical dissertation of
the other conveyance. structures will be
restricted to those having a capacity of 100 cfs
or less.

B. ROAD CROSSINGS

R. B. YOUNG'!

2-2. Purpose and Description.—Road
crossings are used to convey canal water under
roads or railroads (fig. 2-1). Pipe conduit is
generally used for these purposes. In
accomplishing these objectives the road
crossing conduit may have a straight line
profile (see fig. 2-2), as discussed in these
sections, or a profile like that shown in figure
2-4 with vertical bends as discussed later in
subchapters II C, I E, and Il F. Road crossings
which have vertical bends in their profile
function either as inverted siphons, drops, or
chutes.

The straight line profile conduit (road
crossing) is designed for flow with little or no
internal hydrostatic pressure; that is, the
hydraulic gradient is near or below the top of
the pipe.

2-3. Application. —Available hydraulic head
and cost considerations usually determine the

1Civil Engineer, Hydraulic Structures Branch, Bureau of
Reclamation.

Figure 2-1. Road crossing.

feasibility of using pipe for conveying water
under a roadway or using a bridge over the
waterway. Generally, for capacities up to 100

19
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Figure 2-2. Road crossing plan and section. 103-D-1253.
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cfs, it is more economical to use pipe rather
than a bridge. Bridge design is beyond the
scope of this publication and consequently is
not included.

2-4. Advantages.—Pipe road crossings are
relatively economical, easily designed and built,
and have proven a reliable means of conveying
water under a roadway. Normally, canal
erosion at the ends of the road crossing in earth
canals is minor and can be controlled by
transitions and riprap or gravel protection.
Road crossings usually cause less roadway
interference than a bridge both during and
after construction. Pipe installation is
sometimes accomplished by jacking the pipe
through the roadway foundation (fig. 2-3). A
road crossing permits both continuous roadbed
and continuous side drain ditches which
otherwise might drain into the canal.

2-5. Design Considerations.—(a) Pipe.—
The pipe may be steel corrugated-metal pipe
(CMP), precast reinforced concrete culvert pipe
(RCCP), asbestos-cement pressure pipe (AC),
or precast reinforced concrete pressure pipe
(PCP). Where watertightness of the pipe is of
minor concern, the selection of either
corrugated-metal pipe, asbestos-cement, or
concrete pipe is often established by past
experience. However, considerations involved
with the selection include hydraulic efficiency,
corrosion environment, and cost
considerations.

The required gage (wall thickness) of CMP
for a given height of earth cover and surcharge
load from vehicles can be determined from
manufacturers’ tables. A typical set of tables is
provided in bibliography reference [1].2 If
RCCP is used, this pipe design may also be
determined from manufacturers’ tables. A
typical set of tables is provided in bibliography
reference [2]. In Reclamation RCCP pipe is
used for roadway crossings having little or no
internal water pressure. Type B pipe joints (fig.
8-15) are generally used where RCCP pipe is
permitted. However, type F joints may be
substituted for type B joints. Type F joint
design and gaskets for type F joints should be
in accordance with the American Society for

2Numbers in brackets refer to items in the bibliography, see
section 2-38.
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Testing and Materials [3] provided that the
design of the joints in the pipe is such that the
taper on the tongue and groove is not more
than 3-1/2° measured from a longitudinal trace
on the inside surface of the pipe.

:F
!

B

Figure 2-3. Jacking and threading pipe under roadway.
P-707-729-2007.

All pipe subjected to internal pressure
should have rubber gasket joints to insure
positive watertightness. Under some roadways,
watertight joints may be necessary irrespective
of internal pressure. Precast concrete pressure
pipe with type R joints (rubber gasket joints)
or asbestos-cement pressure pipe with rubber
gasket joints is used to insure watertightness.
The minimum pressure pipe class permitted for
each is B 25 [4] [5]. Selection of the
appropriate pipe class is explained later in the
discussion of Inverted Siphons, subchapter Il
C.

The hydraulic design of a road crossing pipe
consists of selecting a pipe diameter that will
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result in either: (1) a maximum allowable
velocity of 3.5 feet per second for a pipe with
earth transitions or, (2) a maximum allowable
velocity of 5 feet per second for a pipe with
concrete transitions or other concrete inlet and
outlet structures. The maximum upstream
invert elevation of the pipe is then determined
by subtracting the pipc diameter and 1.5 times
the velocity head of the pipe flowing full
(diameter + 1.5 hvp) from the upstream normal

water surface elevation in the canal. The pipe is
set on a minimum slope of 0.005 from this
upstream invert elevation. This provides a low
point at the end of the pipe to facilitate
draining should it become necessary.

The pipe hydraulic design should be
examined to determine if the resulting earth
cover from the top of the roadway to the top
of the pipe meets the following minimum
requirements:

(1) At all railroad and road crossings
(except farm roads) a minimum of 3 feet of
earth cover should be provided. If roadway
ditches exist and are extended over the pipe,
the minimum distance from the ditch invert
to the top of the pipe should be 2 feet.

(2) At farm road crossings a minimum
carth cover of 2 feet should be provided for
both the roadway and the ditches. Farm
roads are frequently ramped using 10 to 1
slopes (10 percent grade) when necessary to
provide minimum carth cover requirements.
Another alternative available to the designer

for achieving minimum cover requirements is
to set the upstream pipe invert a distance
greater than the pipe diameter plus 1.5 h"p

below the upstream normal water surface
elevation. However, the maximum vertical
distance from the canal invert to the pipe
invert should not exceed one-half the pipe
diameter, except wherc a control structure is
required. Pipe with bends in its profile to
provide the required carth cover, or sagged for
any other reason, is discussed with Inverted
Siphons, subchapter 1 C.

Roadway widths and side slopes at the
crossings should match existing roadway
widths and side slopes, or as otherwise
specified. Side slopes should not be steeper
than 1-1/2 to 1.
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(b) Transitions.—Transitions are generally
used both at the inlet and outlet of structures.
An accelerating water velocity usually occurs at
the inlet of a structure and a decelerating
velocity at the outlet. Transitions reduce head
losscs and prevent canal erosion by making the
velocity changes less abrupt. Concrete, earth,
and combination concrete-earth transitions are
used for this purpose.

The following road crossings require cither a
concrete transition or some type of concrete
control structure at the inlet and a concrete
transition at the outlet:

All railroad and state highway crossings.

All crossings with 36-inch-diameter pipe or

larger.

All pipe crossings with velocities in excess of
3.5 feet per second discharging into an
earth canal.

Standardization of concrete transitions is a
means of reducing costs. This is accomplished
by a transition being designed for a range of
canal and structure conditions. As might be
expected, if concrete transitions are
standardized, the basc width and invert will
seldom match that of the canal. Therefore,
additional transitioning is then accomplished
by an earth transition for an carth canal and by
transitioning concrete lining for a
concrete-lined  canal. For relatively  short
structures, such as road crossings, it is generally
more economical to omit concrete transitions
if established design criteria will permit the
omission. For the design of transitions sec the
discussion on Transitions, subchapter VII A.

If there is a need for controlling the water
surface elevation upstream from the road
crossing, a check inlet or a control inlet is used.
(Sce discussion of Check and Pipe Inlet and
Control and Pipe Inlet subchapters 111 F and I11
G.) If one of these structures is required, it is
usually cconomically desirable to also use a
concrete outlet structure and size the pipe
based on a maximum velocity of 5 feet per
second.

(¢) Pipe  Collars.—Pipe collars may be
required to reduce the velocity of the water
moving along the outside of the pipe or
through the surrounding carth thercby
preventing removal of soil particles at the point
of cmergence. Any road crossing where the
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canal water surface is significantly higher than
a potential point of relief for the percolating
water, should be examined to determine if
collars are required. Pipe collars may also be
necessary to discourage rodents from
burrowing along the pipe. A detailed discussion
of the design of pipe collars and cutoffs as
related to percolation may be found in
subchapter VIII C.

(d) Canal Erosion Protection.—Protection is
often used adjacent to structures in earth
canals where erosion may occur. For design of
protection see the discussion on Protection,
subchapter VI B.

2-6. Design
2-2).—(a) Given:

(1) Type of waterway = earth canal.

(2) Type of roadway = farm road.

(3) Canal Q = 15 cfs.

(4) El. A = 5406.52 (from a profile
sheet).

(5) d, = 1.58 ft. (normal depth at Sta.

Example (see

fig.

A).
(6) NWS at Sta. A=Fl. A+d, =5406.52
+ 1.58 = 5408.10.
(7Y El. D =
sheet).
(8) d, = 1.58 ft. (normal depth at Sta.

5406.22 (from a profile

D).
(9) NWS atSta. D=EL D+ d, =5406.22
+1.58 = 5407.80.
(10) F (water surface differential)
= Upstream canal NWS
El. — Downstream
canal NWS El.
= 5408.10 — 5407.80
= 0.30 ft.
(11) Width of roadway = 18 ft.
(12) Side slopes of roadway = 1-1/2:1.

(13) El. top of roadway = El. F =
5411.00.

(14) Control structure at inlet not
required.

(b) Determine:

(1) Pipe size (see table on fig. 2-2).
(2) Need for concrete transitions.
(3) Pipe type: CMP, RCCP, or PCP.

For a pipe discharge of 15 cfs, the table
shows that either a 24-inch-diameter pipe with
concrete transitions (max. V = 5 fps) or a
30-inch-diameter pipe with earth transitions
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(max. V = 3.5 fps) will be hydraulically
acceptable. Since the crossing is for a farm road
and both diameters are less than 36 inches,
either the 24-inch-diameter pipe with concrete
transitions or the 30-inch-diameter pipe with
earth transitions may be used. Material costs
and other considerations previously discussed
will determine which pipe diameter to select,
and in addition whether the pipe should be
CMP, RCCP, or PCP. In this example the
30-inch-diameter concrete culvert pipe, class I11
with type B joints, and with earth transitions
will be used.

(4) Hydraulic properties of

30-inch-diameter pipe for Q of 15 cfs:

A = area of pipe = 0.785 x dia.?

=491 ft.2
— . : 1 1 = Q: £
V = velocity in pipe A 4.9]
=3.06 f.p.s.
—_ ~ . . 1 1 = V2 = 3062
th = velocity head in pipe T 2g 644
=0.15 ft.

where g = gravitational acceleration

wp = wetted perimeter = 7 x dia.

=7.85 ft.

R = hydraulic radius wp _ 7.85
=0.63 ft.

n = assumed roughness coefficient?
=0.013

sy = friction slope of pipe
- < ! >n2 V2 = 0.00133
2.2r473

(from Manning’s equation [6])

Pipe hydraulic properties may also be
taken from table &-1.

(5) EI. B = NWS EL at A — (pipe
diameter + 1.5 hvp) = 5408.10 — (2.50 +

0.22) = 5405.38.
(6) Approximate length of pipe (see fig.
2-2) = 1.5 (El. ¥ — El. B) x 2 + roadway

3See section 1-16.
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width = 3(5411.00 — 5405.38) + 18 = 34.9
ft. The 1.5 represents a 1-1/2 to 1 side slope.
If the side slope is 2 to 1 use 2 instead of 1.5
in the previous equation.

(7) Drop in pipe = length of pipe x slope
of pipe =34.9x 0.005=0.17 ft

(8) El.C=EL B — drop in pipe

=5405.38 — 0.17 = 5405.21.

(9) Length of earth transitions = 3 x dia.
of pipe=3x2.5=17.5ft.

(10) Drop in transitions

Upstrcam =El. A — EL. B
= 5406.52 — 5405.38
=1.14 ft.
Downstream = EI. D — EL. C
= 5406.22 — 5405.21
=1.01 ft.

(11) Assume losses in road crossing are
1.5 pipe velocity heads for inlet and outlet
loss combined plus pipe friction loss, or

1.5hy_+h;=0.22 + 35 x 0.00133
P =0.27 ft.

where h; = length of pipe x friction slope.

(12) Protection.—Use figure 7-8 to
determine if protection is required. If
required, select type, length, and height of
protection.
For d; or d, = 1.58 ft. and for road

crossings without concrete transitions:
Inlet protection = none
Outlet protection = 12-in. coarse gravel

SMALL CANAL STRUCTURES

Because the transition length of 7.5 feet is
not much greater than the required protection
length, extend protection for full length of
transition. Extend protection to 12 inches
above canal water surface.

(¢) Check of Design. —

(1) Compare computed losses with the
loss provided on profile sheet. Computed
losses = 0.27 foot. Loss provided, F = 0.30
foot. The excess head of 0.03 foot (0.30 —
0.27) provided on the profile sheet is
inconsequential and the hydraulic design is
considered adequate.

(2) Transition slopes.—To reduce
turbulence and provide for relatively smooth
transitioning of the water prism, the
maximum length to drop ratio of 4 to 1 is
used. The design ratio of the upstream
transition is 7.5 to 1.14 or 6.6 to 1. This is
flatter than 4 to 1 and therefore within the
criteria limits. By inspection, the slope of
the downstream transition is also
satisfactory.

(3) Cover on pipe.—Minimum earth cover
for farm road crossing is 2 feet.
Approximate cover on pipe = EL. F — (EL. B
+ dia. of pipe) = 5411.00 — (5405.38 +
2.50) = 3.12 feet. As 3.12 feet is greater
than the minimum required 2.0 feet the
cover is satisfactory.

If concrete transitions are required for a
road crossing the inlet and outlet transitions
will usually be identical. Refer to subchapter
VII A and design example of inverted
siphons subchapter Il C for procedure used
in design of type 1 concrete transitions.

C. INVERTED SIPHONS

R. B. YOUNG'

(type 2)
Length = 4d or 5 ft. min. =4 x 1.58 ft. =
6.3 ft.
2-7. Purpose and Description.—Inverted

siphons figures 2-4, 2-5, and 2-6 (sometimes
called sag pipes or sag lines) are used to convey
canal water by gravity under roads, railroads,
other structures, various types of drainage
channels, and depressions. A siphon is a closed
conduit designed to run full and under
pressure. The structure should operate without

lOp. cit.,, p. 19.

excess head when flowing at design capacity.

Closed conduits with excess head are
discussed in subchapters II E Drops and II F
Chutes.

Closed conduits with straight profiles under
roadways and railroads may also function as
inverted siphons with internal pressure.

2-8. Application.—Economics and other
considerations determine the feasibility of
using a siphon or another type of structure to
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accomplish the previous objectives. The use of
an elevated flume would be an alternative to a
siphon crossing a depression, drain channel or
another manmade channel. The use of a bridge
over a canal would be an alternative to a siphon
under a road or a railroad. Generally, for
capacities up to 100 cfs, it is more economical
to use a siphon rather than a bridge. Bridge
design is beyond the scope of this publication
and consequently is not included.

Figure 2-5. Inverted siphon under construction,
P-328-701-7259A.

2-9. Advantages and Disadvantages of
Inverted Siphons.—Inverted siphons are
economical, easily designed and built, and have
proven a reliable means of water conveyance.
Normally, canal erosion at the ends of the
siphon is inconsequential if the structures in
earth waterways have properly designed and
constructed transitions and erosion protection.

Costs of design, construction, and
maintenance are factors that may make an
inverted siphon more feasible than another
structure that might be used for the same
purpose. There may be, however, instances
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where the value of the head required to operate
a siphon may justify the use of another
structure such as a bridge.

An inverted siphon may present a hazard to
life, especially in high population density areas.
See chapter IX for safety features.

2-10. Structure Components.—(a) Pipe.—
The closed conduits discussed in this
publication are generally pipe. All pipe
subjected to internal pressure should have
watertight joints. Precast reinforced concrete
pressure pipe (PCP), asbestos-cement pressure
pipe (AC), or reinforced plastic mortar pressure
pipe (RPM), all with rubber gasket joints, are
used to insure watertightness. For heads up to
150 feet precast reinforced concrete pressure
pipe is most frequently used but any of the
above types may be used depending on their
availability and cost considerations.

Figure 2-6. Inverted siphon inlet transition and
60-inch-diameter precast concrete pipe. P 499-700-520.

These pressure pipes are classed as to their
capacity to withstand external loads of cover
and wheel (equivalent earth cover) and internal
hydrostatic head measured to the centerline of
the pipe. Designations of A, B, C, and D
represent 5, 10, 15, and 20 feet of cover
respectively, while the associated number such
as 25, 50, 75, 100, 125, and 150 represents
feet of hydrostatic head. As an example, C 50
would be pressure pipe for 15-foot maximum
cover and 50-foot maximum head.

Additional information regarding pipe, pipe
joints, pipe bends, and other pipe
appurtenances may be found in chapter VIII.
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The pipe profile is determined in such a way
as to satisfy certain requirements of cover, pipe
slopes, bend angles, and submergence of inlet
and outlet. Pipe cover requirements are:

(1) At all siphons crossing under roads
other than farm roads and siphons crossing
under railroads, a minimum of 3 feet of
earth cover should be provided. Farm roads
require only 2 feet of earth cover and are
frequently ramped using 10 to 1 slopes (10
percent grade) when necessary to provide
minimum cover requirements. If roadway
ditches exist and are extended over the pipe,
the minimum distance from the ditch to the
top of the pipe should be 2 feet.

(2) At siphons crossing under
cross-drainage channels, a minimum of 3 feet
of earth cover should be provided unless
studies indicate more cover is required
because of projected future retrogressions of
the channel.

(3) At siphons crossing under an earth
canal, a minimum of 24 inches of earth
cover should be provided.

(4) At siphons crossing under a lined
canal, a minimum of 6 inches of earth cover
should be provided between the canal lining
and the top of pipe.

Roadway widths and side slopes at road
and railroad siphon crossings should match
existing roadway widths and side slopes, or
as otherwise specified. Side slopes should
not be steeper than 1-1/2 to 1.

Pipe slopes should not be steeper than 2
to 1 and should not be flatter than a slope of
0.005.

Changes in PCP pipe grade and alinement
(bends) may be made with precast elbows,
with beveled end pipe, by miter cutting pipe,
or by pulling joints. Changes in AC and RPM
pipe grade and alinement may be made by
miter cutting pipe or by pulling joints. See
chapter VIII for further information on
bends.

(b) Transitions.—Transitions are nearly
always used at the inlet and outlet of a siphon
to reduce head losses and prevent canal erosion
in unlined canals by causing the velocity
change between the canal and pipe to be less
abrupt. Concrete, earth, or a combination of
concrete and earth transitions are used for this

purpose.
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The following siphons require either a
concrete inlet transition or some type of
concrete inlet control structure, and a concrete
outlet transition:

All siphons crossing railroads

highways.

All  36-inch-diameter and

crossing roads.

All siphons in unlined canals with water

velocities in excess of 3.5 feet per second
in the pipe.

and state

larger siphons

Standardization of concrete transitions is a
means of reducing costs. This is accomplished
by having a single transition cover a range of
canal and structure conditions. The base width
and invert of standardized transitions will
seldom match those of the canal. Additional
transitioning is then accomplished with an
earth transition where earth canals are involved
and with a concrete lining transition where
concrete-lined canals are involved.

For relatively short structures, such as
siphons crossing roads, it is frequently more
economical to omit concrete transitions even
though the length of pipe will increase and size
of pipe and protection may also increase. For
further discussion on Transitions see chapter
VIIL.

If there is a need for controlling the water
surface elevation upstream from the siphon, a
check and pipe inlet or a control and pipe inlet
is used. (See discussion of Check and Pipe Inlet
and Control and Pipe Inlet, subchapters 111 F
and I G.)

(¢) Pipe Collars.—Pipe collars are not
normally required on siphons but they may be
needed to reduce the velocity of the water
moving along the outside of the pipe or
through the surrounding earth thereby
preventing removal of soil particles (piping) at
the point of emergence. Pipe collars may also
be necessary to discourage rodents from
burrowing along the pipe. A detailed discussion
for design of pipe collars and cutoffs as related
to percolation may be found in chapter VIIL.

(d) Blowoff Structures.—Blowoff structures
are provided at or near the low point of
relatively long inverted siphons to permit
draining the pipe for inspection and
maintenance or wintertime shutdown.
Essentially the blowoff structure consists of a
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valved steel pipe tapped into the siphon barrel.
Blowoffs may also be used in an emergency in
conjunction with wasteways for evacuating
water from canals. Short siphons are usually
dewatered when necessary by pumping from
either end of the siphon. If annual wintertime
draining is not required, breaking into pipe
smaller than 24-inch diameter for emergency
draining is an economical alternative to
providing a blowoff.

A manhole is often included with a blowoff
on long siphons 36 inches and larger in
diameter to provide an intermediate access
point for inspection and maintenance.

A detailed discussion for design of blowoff
structures and manholes may be found in
chapter VIII.

(e) Canal Freeboard and FErosion
Protection.—The canal bank freeboard
upstream from siphons should be increased 50
percent (1.0 foot maximum) to prevent
washouts at these locations due to more storm
runoff being taken into the canal than
anticipated or by improper operation. The
increased freeboard should extend a distance
from the structure such that damage caused by
overtopping the canal banks would be minimal;
but in any event a minimum distance of 50 feet
from the structure.

Erosion protection is often used adjacent to
siphons in earth canals. A discussion of
Protection is presented in chapter VIL.

() Wasteways.—Wasteways are often placed
upstream from a siphon for the purpose of
diverting the canal flow in case of emergency.
For design of wasteways see the discussion on
Wasteways, subchapter IV B.

(g) Safety Features.—Safety measures must
be taken near siphons to protect persons and
animals from injury and loss of life. Safety
features are discussed in chapter IX.

2-11. Hydraulic Design Considerations.—
Available head, economy, and allowable pipe
velocities determine the size of the siphon pipe.
Thus, it is necessary to assume internal
dimensions for the siphon and compute head
losses such as entrance, pipe friction, pipe
bend, and exit. The sum of all the computed
losses should approximate the difference in
energy grade elevation between the upstream
and downstream ends of the siphon (available
head).
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In general, siphon velocities should range
from 3.5 to 10 feet per second, depending on
available head and economic considerations.

The following velocity criteria may be used
in determining the diameter of the siphon:

(1) 3.5 feet per second or less for a
relatively short siphon with only earth
transitions provided at entrance and exit.

(2) 5 feet per second or less for a
relatively short siphon with either a concrete
transition or a control structure provided at
the inlet and a concrete transition provided
at the outlet.

(3) 10 feet per second or less for a
relatively long siphon with either a concrete
transition or a control structure provided at
the inlet and a concrete transition provided
at the outlet.

The velocity or pipe size of a long siphon is
of particular importance, economically,
because a slight change in pipe size can make a
great change in the structure cost.

Head losses which should be considered are
as follows:

(1) Convergence loss in the
transition.

(2) Check structure losses when a check
is installed in the inlet.

(3) Control structure losses
control is installed in the inlet.

(4) Friction and bend losses in the pipe.

(5) Divergence loss in the outlet
transition.

(6) Transition friction losses are usually
ignored for the size of structures in this
publication.

(7) Convergence and divergence head
losses in earth transitions when required
between the canal and concrete transition
are usually small and are usually ignored.
The total computed head loss is usually

increased by 10 percent as a safety factor to
insure against the possibility of the siphon
causing backwater in the canal upstream from
the siphon.

The hydraulic head loss in a transition is
dependent on the difference of the velocity
heads in the canal and the normal to centerline
section of the closed conduit. Coefficients of
velocity head considered adequate for
determining head losses in a broken-back type
of transition are 0.4 for the inlet and 0.7 for

inlet

when a
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the outlet, therefore the losses would be
0.4ah, for inlet and 0.7Ah, for the outlet
transitions.

Cocfficients of velocity head considered
adequate for determining head losses in carth
transitions from the canal to a pipe are 0.5 for
the inlet and 1.0 for the outlet. Therefore, the
losses would be 0.5Ah, for the inlet and
1.0Ah, for the outlet transitions.

For minimum hydraulic loss, it is desirable
to provide a seal of 1.5Ah, with 3-inch
minimum at pipe inlet and no submergence at
the pipe outlet. The seal is equal in height to
the vertical drop from the normal canal water
surface to the top of the siphon opening. If the
siphon has both upstream and downstream
concrete transitions it may be cconomically
desirable to construct the downstream
transition the same as the upstream transition.

It the outlet scal is greater than one-sixth the
height of opcning at the outlet, the head loss
should be computed on the basis of a sudden
enlargement and the loss for both earth and
concrete outlet transitions would be 1.0Ah,,.

For additional discussion on Transitions scc
chapter VII.

If there is a check and pipe inlet or a control
and pipe inlet for the siphon see subchapters
HI F and 111 G for their hydraulic design.

. Pipe friction losses are determined by using
Manning’s formula as is explained in section
2-13 or by using table 8-1.

Pipc bend lossecs are determined by using
figure 8-1 as is explained in chapter VII1I.

Special hydraulic considerations must be
given to the inlets on long siphons where,
under certain conditions, the inlet will not
become sealed. On long siphons, such
conditions may result when the canal is being
operated at partial flows (flows less than design
flow) or at full design flow when the actual
coefficient of friction is less than assumed in
design. Undcr such conditions, a hydraulic
jump occurs in the pipe and may cause
blowback and very unsatisfactory operating
conditions. Figure 2-7, which s
self-explanatory, should be used to determine
proper performance of inlets to long siphons.
Pipe slope or diameter should be changed to
meet the requirements noted on the figure.

Another way of solving the air problem is to
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place properly designed air vents at locations
where air might accumulate. This procedure is
ordinarily used only as a remedial mcasure for
an cxisting siphon with blowback problems.
See discussion on Air Vents in chapter VIIIL

2-12. Design Procedure. -Steps required for
design of a siphon include the following:

(1) Determine what inlet and outlet
structures are required, and the type and
approximate size of pipe.

(2) Make a preliminary layout of the siphon
profile (siphon and required inlet and outlet
structures) using the existing ground line, the
canal properties, and the canal stations and
elevations at the siphon ends (fig. 2-8). This
layout should provide pipe requirements of
cover, slope, bend angles, and provide pipe
submergence requirements at transitions, check
and pipe inlets, or control and pipe inlets.

(3) Compute the siphon hcad losses in this
preliminary layout. If the head losses as
computed are in disagrcement with the
available head, it may be necessary to make
some adjustment such as pipe sizc or even the
canal profile.

If the computed losses are greater than the
difference in upstream and downstream canal
water surface, the siphon will probably cause
backwater in the canal upstream from the
siphon. 1 backwater exists, the pipe size
should be increased or the canal profile revised
to provide adequate head.

If the computed losses are appreciably less
than the difference in upstream and
downstream canal water surface it may be
possible to decrease the size of pipe, or the
canal profile may be revised so the available
head is approximately the same as the head
losses.

(4) On long siphons where the inlet may not
be sealed there is the possibility of blowback
and unsatisfactory operating conditions. The

inlet should be checked for proper
performance and adjustments made if
necessary.

(5) Determine the pipe class. The pipe class
can be determined from the amount of
external load and internal head shown on the
pipe profile.

2-13. Design Example (see fig.
2-4.)—Assume that an earth canal crosses a
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{(] Basin Siphon— King Hill Wood | 250 | 57| 012 | 17 360 7.90 relieve the blowing back of air and waler
()| Basin Siphon — King Hill Conc | 250 54" 012 67 260 1490 /ql’/‘/(:jfher s{jrpl;ogs h;Jve %oifgf/ven”rroublg /hn 0p€70;,05 e
Rl . - . B Study made indicates thot free flow siphon inlets designe
5 | SonDiego Sta 620r00 W Conc | 95 | 54 | 010 | 0033 567 [ 125 so that Froude number will not fall above the critical
| 6 | San Diego Sta 961+00 W Conc| 95 | 54" 0/0 | 029 | 305 410 curves established by experiments will give satisfactory
7| S0n Diego Sta 1146+00 N |Conc| 95 | 54| 00 | 19 | 194 100 | performance
('8 | 500 Diego Sta 1545+ 15 W Corc| 95 | 54" 00 | erie | sz 750 P;ocedure r%dzr(e;rm/;ue l;rouc//e nugvbe; ﬂ oot
9 | SonDiego St 181750 conc| a5 | 72" 010 | 1935 (34 995 i;: qf/ovlionwmb rameter U, siope 5,and coeil. n, caicuiote
V0| SonDrego Sta 1673+50 N Conc| 95 | 48"| 0/0 | 3053 202 215 a y, Using Manning's Formula
i1 | Son Diego Sta 2200+02 N Conc| 95 | 54"| 010 2198 /85 1095 | b 4
|/2 | Son Dego Sta 1303+56 S Conc| 95 | 48"| 010 | 3643 192 1370 ¢V,
|3 ] San Diego St 1217+50 5 |Conc| 95 | 48"| 010 | 2563 | 2i2 11.35 | d 1=290-%)Y,
14| San Diego Sto 1073+00 S |Conc| 95 | 48" 010 | 3714 9 1363 &%=,
15| SanDiego Sta 1073400 s conc| 85 | 48" 012 | 3714 211 |20 s
|6 | Son Diego Sta 419+00 S Conc | 95 | 48" 0/0 | 104 262 733
|/7 | SenDiego Sto_ 171+96 S Conc | 95 | 48"| 0i0 | 0336 355 417
|6 | San Diego St 79+92 S Conc | 95 | 48"| 010 | 377 190 13.80 |
High Mesa — Uncompaghre Steel| 42 | 26"| 010 | 535 264 | 15.00
[¢] Steer | 35 | 247 013 | 367 343 | 895 |
Steel| 25 | 24| 016 | 208 378 543
—— L

Figure 2-7.

Design of free-flow siphon inlets. 103-D-1255.
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state highway and an inverted siphon is the
most feasible type of structure for conveying
water past the highway.
(a) Given: (Refer to preliminary layout, fig.
2-8.)
(1) Type of waterway = earth canal.
(2) Feature being crossed = state highway
at right angles with canal § .
(3) Q=15 cfs.
(4) Sta. A = 149 + 47 and Canal Invert
El. A = 5406.52 (from a canal profile sheet).
(5) d, = 1.25 feet (d,, normal depth in
canal).

Vi=21fps.,h, =007ft

(6) NWS EIL at Sta. A = El.L A+ d, =
5406.52+ 1.25=5407.77.

(7) Sta. H = 150 + 49 and Canal Invert
El. H = 5405.50 (from a canal profile sheet).

(8) d, = 1.25 ft. (d,,, normal depth in
canal).

n»

V, =2.1fp.s., hv2 =0.07 ft.

(9) NWS El. at Sta. H = El. H+ d, =
5405.50 + 1.25 = 5406.75.

(10) Width of rocadway = 26 ft.

(11) Side slopes of roadway ditch and
canal embankment = 1-1/2 to 1.

(12) El. top of roadway = ElL ] =
5407.26.

(13) EL. edge of roadway shoulders =
5407.00.

(14) Control structure at inlet not
required for turnout delivery.

(15) 18-inch-deep roadway ditches.

(16) Canal Sta. J at ¢ roadway = Sta.
150+00.

(17) Canal bank width = 10.0 ft.

(18) Canal bank freeboard at outlet =
normal canal bank freeboard = 1.3 ft.

(b) Determine:

(1) Inlet and outlet structure
requirements.—The siphon crosses under a
state highway; therefore, some kind of
concrete inlet and outlet structures are
required. Since a control structure is not
needed at the inlet, use a concrete transition
for both the inlet and the outlet. Use type 1
transitions (fig. 7-2, chapter VII) and use the

SMALL CANAL STRUCTURES

same transition for both inlet and outlet.

(2) Type of pipe.—This pipe will have
internal pressure and will be passing under a
state highway, therefore, it should be either
precast reinforced concrete pressure pipe
(PCP), asbestos-cement pressure pipe (AC),
or reinforced plastic mortar pressure pipe
(RPM) each having rubber gasket joints. In
this example assume that because of
availability and costs it is advantageous to
use PCP.

(3) Pipe size. (See table on fig. 24.)—For
a relatively short siphon having concrete
inlet and outlet transitions, the pipe would
be sized for velocity of about 5 feet per
second. Then for a discharge of 15 cfs the
table suggests that a 24-inch-diameter pipe
may be used.

(4) Hydraulic properties of
24-inch-diameter pipe for Q of 15 cfs.

A = area of pipe = 0.785 x (dia.)?

=3.14 ft.?
_ oo o _Q_ 15
V = velocity in pipe A 314
=4.77 f.p.s. 2
_ ) e V2477
hVp = velocity head in pipe = prt vy
=0.35 ft.

where g = gravitational acceleration.

wp = wetted perimeter = 7 dia.

=6.28 ft.
B} o A 3.4

r = hydraulic radius wp 6.8
=0.5 ft.

n = assumed roughness coefficient?
=0.013

s¢ = friction slope of pipe

- (2.2r14/3> n*v?
=0.0044
Hydraulic properties of pipe may also be
taken from table 8-1 in chapter VIII.
(5) Additional canal bank freeboard at

upstream end of siphon.—Additional canal
bank freeboard = 0.5 of normal

3See section 1-16.
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freeboard = 0.5 x 1.3 =0.65 ft., use 0.7 ft.

(6) Canal bank El. at Sta. A=NWS EL +
regular freeboard + additional freeboard =
5407.77 + 1.3 ft. + 0.7 ft. = 5409.77.
Extend the bank at this elevation a distance
of 50 feet upstream from the siphon to
minimize damage which could be caused by
overtopping.

(7) Canal bank El. at Sta. H = NWS ElL. +
freeboard = 5406.75 + 1.3 ft. = 5408.05.

(8) [nletr transition hydraulic
sctting. —The transition invert elevation at
the headwall (Sta. C) is based on the
hydraulic seal required at the top of the
headwall opening and the vertical height of
the opening, Ht. Pipe slope affects this

vertical dimension since Ht = where

oy
= pipe diameter and «, = angle of pipe
slope at headwall. The scaled value of «, is
usually adequate since a small error in «,
will not significantly affect Ht. The scaled
value of a, is 12°.

200 _2.00_
Ht =05 130 50,078~

2.04 1.

Hydraulic seal required = 1.5 Ah, = 1.5(hVp

—h, )=15(0.35 - 0.07) = 0.42 ft. which

is greater than 3 inches (0.25 {t.) minimum
seal required, theretore, 0.42 foot should be
used. Transition invert EL. C = NWS El. at
Sta. A — (1.5 Ah, + Ht) = 5407.77 — (0.42 +
2.04) = 5405.31

If the transition invert at the cutoff (Sta.
B) is set at the canal invert, the difference in
invert elevations of the transition (p) is
5406.52 — 5405.31 = 1.21 ft. = p. See figure
7-2 for p. The maximum p value for the inlet

is%D and the maximum p value for the

outlet is 2LD. Therefore, by making the inlet

and outlet identical, p cannot exceed—é—D

which is—éof 2 or 1.0 ft. (see subchapter VII
A). Use a p value of 1.0 foot, then the inlet
transition invert El. B will not be the same as
the canal but will be El. C +p or 5405.31 +
1.00 foot = 5406.31 which is 0.21 foot
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lower than the canal invert at Sta. A. The
invert slope for a 10-foot-long earth
transition resulting from the use of p = 1.0
foot should not be steeper than 4 to 1 (see
sec. 7-11). The actual slope = 10 to A Inv. of
earth transition = 10 to 0.21 = 48 to 1 which
is flatter than 4 to 1 and therefore
permissible.

(9) OQutlet transition hydraulic
setting.—To minimize headwall
submergence, set the downstream invert
elevation (Sta. G) of the transition at canal
invert. Then the transition invert El. G =
canal invert El. H = 5405.50. For the inlet
and outlet transitions to be identical, p = 1.0
foot. Then transition invert E1. F=EL G — p
=5405.50 — 1.00 = 5404.50.

The height of headwall opening (Ht) at
station F is,

_ D _ 200 _ 2.00
cosa, cos12°7 0.978

= 2.04 ft.

Submergence of top of opening =

D
(d; +p) - COS @,

=0.21 ft.

=(1.25+1.00) - 2.04

This submergence should not exceed
one-sixth Ht for minimum head loss.
One-sixth Ht = 2%1— = 0.34 foot which is
greater than the submergence of 0.21 foot.
Therefore, the loss for the outlet transition
is minimum and may be calculated using the
equation 0.7Ah,,.

(10) Drop in water surface elevation
(available head) = NWS EIl. Sta. A — NWS ElL.
Sta. H=5407.77 — 5406.75 = 1.02 ft.

(11) Before establishing detailed siphon
elevations and dimensions, use a preliminary
siphon layout (fig. 2-8) and determine
approximate total head loss and compare
with head provided. Scale the dimensions
and angles as required. This study will
indicate if the pipe diameter or canal profile
should be revised.

Total siphon head loss with 10 percent
safety factor = 1.1 (inlet transition
convergence loss + pipe friction loss + bend
losses + outlet transition divergence loss).
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Pipe length scaled = about 72 feet.

Pipe bend angles scaled = about 12°
(assume single angle bends).

Approximate total head loss H; = 1.1 (h;
+ h; + hy + h,) where h; is inlet loss, hy is
pipe friction loss, hy, is pipe bend loss, and

h, is outlet loss.
H; = 1.1{0.4Ah, + pipe length x s;
+ fhvp x 2+0.74h,}
H;, =1.1[0.4(0.35 — 0.07) + 72 x 0.0044

+(0.04 x 0.35) 2

+0.7(0.35 — 0.07)]
=1.1[0.11+0.32+ 0.03 + 0.20]
1.1 (0.66) = 0.73 foot

Head provided by canal profile = 1.02 feet
which is 0.29 foot more than the 0.73 foot
required for this preliminary layout. This
excess head will cause a slight drawdown in
the canal upstream from the siphon and will
result in faster than normal velocities for a
short distance. For this design example
assume that this velocity is noneroding so it
is not necessary that the profile of the canal
or the size of pipe be revised.

(12) Transition dimension, » (fig.
7-2).—Dimension y should be determined so
that the freeboard provided at the cutoff
will be 0.5 foot as indicated in subchapter
VIT A.

y =(NWS EL Sta. A - EL B)+ F,
(5407.77 — 5406.31) + 0.5
1.46 + 0.5 =1.96 ft.

oHon

Therefore, use 2 feet O inch.

(13) Transition dimension, a (fig.
7-2).—Freeboard at the transition headwall
for pipe diameters 24 inches and smaller
may be the same as thc frecboard at the
cutoff. Therefore the top of the headwall is
set at the same clevation as the top of the
wall at the cutoff and is equal to:

El. B+y=5406.3i + 2.00 = 5408.31
a=ElL top of wall — El. C
= 5408.31 — 5405.31 =3 ft. O in.

(14) Transition dimension, C.—Refer to
the table on figure 7-2, to determine C. For
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identical wupstream and downstream
transitions, the column for water surface
angle of 25° should be used.

The relationship of pipe diameter D to
normal depth d in the canal is determined
for use in the table and is equal to

_2.00, 4-
D= 1.25Xd 1.6d.

By interpolating in the table between D =
1.5d and D = 2.0d, dimension C would be

_ 16— 1.5

C=1.8D +<——*2.0 = 1'5>x (23D — 1.8D)
- 1.8D +—8%(0.5D) - 1.8D+0.1D
= 1.9D

Then C=1.9D=1.9 x 2=3.8 feet
Use C = 4 teet 0 inch. This may or may

not match the canal bottom width.

Additional transitioning of bottom width

should be included in the earth transition.

(15) Depth and thickness of transition
cutoff-—Referring to the appropriate table
on figure 7-2, for normal depth in the canal
of 1.25 feet, the transition cutoff depth, e,
should be 24 inches and the thickness, tw,
should be 6 inches.

(16) Concrete transition length, L (fig.
7-2).—

L = 3 pipe dia. = 3 x 2 =6 feet

(17) Transition dimension B (fig.
7-2).—The width of the base at the headwall
is B and is equal to 0.303 x D =0.303x 24
inches = 7.272 inches. Use B = 8 inches.

(18) Pipe embedment and
bends.—Embedment details for the pipe at
the headwalls and construction requirements
of the pipe bends arc discussed in chapter
VIl and shown on figures 814 and 8-10,
respectively. Since the deflection angles of
the bends will be less than 45°, only one
miter is necessary. Also because the pipe
diameter is less than 42 inches, a banded
mitered pipe bend may be used with a
minimum band thickness of 1 inch. Since
the hydraulic thrust caused by the bend is
directed into the pipe foundation, stability
of the bend is probably sufficient.
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Unusually poor foundation conditions in
addition to high heads, large diameter pipe,
and large deflection angles may, however,
require that the thrust be considered when
determining the foundation reaction.

(19) Final siphon profile (fig.
2-9).—Using the elevations, dimensions, and
earth slopes previously computed or given,
determine the final structure stationing, pipe
elevations, and pipe slopes.

Stations C and F at the transition
headwalls are controlled by the roadway
carthwork dimensions and side slopes and
headwall thickness. From figure 2-9 it can be
determined that station C must be at least
34.36 feet upstream from the roadway
centerline.

Sta. C = Sta. J — 34.36 f{t.
= Sta. (150+00) — 34.36 ft.
= Sta. 149+65.64 (or less)
Use Sta. C = Sta. 149+65
Sta. B is then
= Sta. C — 6.00 feet
= Sta. (149+65) — 6.00 feet
= Sta. 149+59
and Sta. A becomes
=Sta. B — 10.00 ft.
= Sta. (149+59) — 10.00 ft.
= Sta. 149+49

The small difference in the given value for
station A (149+47) and the computed
station (149+49) is not significant enough to
require any canal invert profile changes.

Stations F, G, and H are determined in
the same manner as stations A, B, and C.
From figure 2-9 it can be determined that
station F must be at least 30.38 feet from
the roadway centerline.

Sta. F =Sta. J + 30.38 ft.
= Sta. (150+00) + 30.38 ft.
= Sta. 150+30.38 (or greater)
Use Sta. F = Sta. 150+31
Sta. G is then
= Sta. F + 6.0 ft.
= Sta. (150+31) + 6.0 ft.
= Sta. 150+37 and
Sta. H becomes
=Sta. G+ 10.0 ft.
= Sta. (150+37) + 10.0 ft.
= Sta. 150+47
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Here again the difference between the given
and computed values for station H is small
and will not require any canal invert profile
changes.

Stations D and E are selected to insure
that a 2-foot minimum of earth cover on the
pipe is provided at the roadway ditches. The
inverts of the V-ditches are located 15.25
feet from the roadway centerline. Therefore,
the pipe bend inverts should be located
about 16 feet from each side of the
centerline of the roadway.

Then Sta. D = Sta. J — 16.00 ft.
= Sta. (150+00) — 16.00 ft.
= Sta. 149+84

El. D is determined by subtracting the pipe
diameter, the shell thickness, and the
minimum cover from the elevation of the
ditch invert.

El. D = (5407.00 — 1.5 ft.) — (2.00 ft.
+ 0.25 ft. + 2.00 ft.) = 5401.25.

Determine Sta. E = Sta. J + 16.00 ft. =
Sta. (150+00) + 16.00 ft. = Sta. 150+16.

El. E is determined by subtracting the
product of the distance between stations D
and E and the pipe slope 0.005 (which is a
minimum slope) from El. D.
El. E = El. D — 32 ft. x 0.005 =
5401.25 — 0.16 ft. = 5401.09.

Upstream pipe slope (S, ). Slope of the pipe
between stations C and D is calculated as
follows:

Horizontal distance = Sta. D — Sta. C
= (149+84) — (149+65) = 19 feet

Vertical distance = El.C — EL. D
=5405.31 — 5401.25 = 4.06 feet

S, = vertical distance _ 4.06 ft.
' horizontal distance 19 ft.
=0.214

Angle of the slope is the angle whose
tangent is

=0.214, a, = 12905’
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Downstream pipe slope (S;). Determine
slope of the pipe between stations E and F.

Horizontal distance = Sta. F — Sta. E
= Sta. (150+31) — Sta. (150+16) = 15 ft.

Vertical distance = El. F — ElL E
= 5404.50 — 5401.09 = 3.4] ft.

___vertical distance _ 3.41 ft.
horizontal distance 15 ft.
=0.228

3

Angle of the slope is the angle whose
tangent is 0.228,

o, = 12951

(20) Final siphon head losses. —Total final
siphon head loss with 10 percent safety
factor = 1.1 (inlet transition convergence
loss + pipe friction loss + pipe bend losses +
outlet transition divergence loss),

orH; =1.1 (h;+h;+hy +hy)

H; =1.110.4Ah, + pipe length x s;
+¢ hVp x 2+ 0.7Ah,]

Determine pipe length:

From station C to station D

(Sta. D — Sta. C)

Length =
COS o,y
__19ft. 191t
cos 12905’ 7 0.978
=19.4 ft.

From station D to station E. Since pipe
slope is relatively flat, use horizontal
distance =

Sta. E — Sta. D = Sta. (150+16)
— Sta. (149+84) = 32.0 ft.

From station E to station F

_(Sta. F —Sta. E) _ 15 ft.
cos a, cos 12951’
15 ft

= 0.975' =15.4 ft.

Length
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Total pipe length = 19.4 + 32.0 + 154 =
66.8 ft. Therefore, the total head loss in the
siphon is:

H; =1.110.4(0.35 — 0.07) + 66.8

x 0.0044 + (0.04 x 0.35)

x 2+ 0.7(0.35 - 0.07)]
=1.1(0.11+0.29+ 0.02 + 0.20)
= 0.68 ft.

Since the head provided (1.02 feet) is
greater than the head required (0.68 foot), a
slight water surface drawdown will occur for
a short distance upstream from the siphon.
This excess head will cause faster than
normal velocities. For this design example
assume that these velocities are still
noneroding so neither the canal profile nor
the pipe size need be revised.

(21) Erosion protection. —Refer to figure
7-8 in chapter VII B. The water depth in the
canal is less than 2 feet so protection is not
required at the end of the siphon.

(22) Pipe collars.—Refer to subchapter
VIII C. Assume that collars are not needed
to discourage burrowing animals but collars
may be necessary to slow the percolation of
water along the pipe even without their
burrows. The difference in elevation
between the canal water surface and the
roadway ditch is 2.3 feet (AH). The
weighted creep ratio, percolation factor,
required to prevent piping is assumed to be
3.0. Determine the weighted creep length
(L,,) from the inlet transition to the first
roadway ditch assuming the seepage water
flows along the bottom side of the siphon
from station B to station D; then along the
outside of the pipe to the top of the pipe;
and finally through the earth to the ditch
invert. Weighted creep lengths are derived by
multiplying the path length by one if the
path is vertical and between structure and
earth; by one-third if the path is horizontal
and between structure and earth; and by two
if the path is through earth.

L,, = (2 x vertical dimension of cutoff)

x 1+ (Sta. D — Sta. B) x 1/3
+ (outside diameter of pipe) x 1
+ (earth cover on pipe) x 2
=(2x2)x1+@R25x1/3+2.5x1
+2x2
=40+ 83+ 2.5+4.0=18.8 feet
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Determine the percolation factor (PF) that
this weighted creep distance will provide.

Ly 18.8 feet _

PF = = 53 et

8.2

Since the percolation factor provided (8.2) is
greater than that assumed to be necessary
(3.0), pipe collars are not needed.

(23) Blowoff —Refer to subchapter VIII
C. The structure is short and the pipe may
be drained by pumping from the ends so
a blowoft is not required.

(24) Blowback. —Refer to section 8-16.
This siphon structure is short and not likely

SMALL CANAL STRUCTURES

to have blowback because the air that might
be entrained due to a possible freeflow inlet
and hydraulic jump will probably be carried
downstream and exhausted at the
downstream end of the siphon.

(25) Class of PCP.—The equivalent earth
load on the pipe will not exceed 10 feet (3
feet of earth cover + H20 loading is a total
equivalent carth cover of 9.1 ft.—subchapter
I B) and the hydrostatic head mcasured to
the centerline of the pipe will not exceed 25
feet, therefore class B 25 PCP is satisfactory.
The pipe designation will then be 24 B 25.

(26) Safety features.—Refer to chapter
1X.

D. BENCH AND ELEVATED FLUMES

R. B. YOUNG'

2-14. Purpose and Description.—(a) Gen-
eral. —Flumes are used to convey canal water
along stecep sidehill terrain, or to convey canal
water over other waterways, or natural
drainage channels. Flumes are also used at
locations where there is restricted right-of-way
or where lack of suitable material makes
construction of canal banks undesirable or
impracticable.

Flumes supported on a bench excavated into
a hillside are called bench flumes (figs. 2-10
and 2-11). Flumes supported above the ground
with reinforced concrete, structural steel, or
timber are called elevated flumes (figs. 2-12
and 2-13).

(b) Bench Flumes.--A bench flume is usually
rectangular in shape and made of reinforced
concrete (fig. 2-17) with inlet and outlet
transitions to the adjoining canal. Excavation
into the hillside to form the bench should be of
sufficient width to provide for an access road
along the downhill side unless other provisions
have been made for a road.

Some reasons for using a bench flume along
steep sidehill terrain rather than a canal or
pipeline, could be economy or practicality of
construction and maintenance.

Where there is a possibility of falling rock
damaging the flume, protective backfill should

1Op. cit., p. 19,

be placed to near the top of the flume wall
adjacent to the hillside. Where severe rockfall
problems may be encountered, especially with
flumes for small discharges, it may be more
economical and practicable to use precast
concrete pressure pipe in a trench and provide
3 fect of earth cover as is shown in figure 2-14.
If the rockfall is only over a short reach of
flume it may be preferable to provide a
reinforced concrete cover for this reach.

(¢) Elevated Flumes. —Elevated steel flumes
with a semicircular shape were commonly used
at one time to carry canal water over natural
drainage channels or depressions. Elevated
flumes now are seldom used because of
associated maintenance problems,
environmental considerations, aesthetics, and
because of the the availability of precast
concrete pressure pipe with rubber gasket
joints that can usually be more economically
constructed under natural drainage channels or
depressions.

Because the elevated flume is so limited in
its usage it will not be discussed in detail in this
publication. Overchutes, discussed in
subchapter IV C (fig. 4-30), are a type of
clevated flume used to convey cross-drainage
water over a canal. These overchutes are
usually steel pipe or rectangular reinforced
concrete channels.
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Figure 2-11. Concrete bench flume.
P336-D-48829

1. Hydraulic Considerations

2-15. Flume Section.—(a) Ratio b

PR —~The

most hydraulically efficient rectangular bench

flume section is one with a%ratio equal to 2 [6].

Although this ratio is often used, other
considerations may suggest that the flume
should be narrower or wider. For example, a
narrower section may be more economical
along a steep hillside where rock excavation is
required. A narrower section may also be

Figure 2-12. Flevated flume crossing natural drainage.
PX-D-4592

Figure 2-13. Early day elevated flume. P42-D-45751

necessary because of limited right-of-way, yet a
wider section reduces the wall heights which
could effect economy.

A study of %ratios in regard to hydraulic

efficiency and construction costs (excluding
excavation and backfill) indicates that an

acceptable % ratio is in the range between
about 1 and 3. For any %ratio in this range the

respective values of area, velocity, and wetted
perimeter are nearly identical for any slope
between 0.0001 and 0.100 and for any flow
between 0 and 100 cfs.

(b) Slope and Velocity.—The most
economical flume section will have velocities
greater than those allowed in an earth canal.
Because velocities in a flume are ordinarily
greater than in an earth canal, a steeper slope
will be required.

Flume design velocities are ordinarily
substantially slower than critical velocities, and
therefore, subcritical flow exists. If. however.
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Figure 2-14. Concrete pipeline for bench construction. 103-D-1258

design velocities are faster than critical,
supercritical flow exists and the bench flume
performs hydraulically as a chute and an
energy dissipator is required at the structure
outlet. See subchapter Il F for chute design.

Studies show that with the % ratio equal to
1, 2, or 3 and for capacities of 100 cfs or less
the slope of the flume invert should not be
steeper than s = 0.002. This criteria applies not
only to the flume design slope but also to the
actual flume slope due to construction
tolerances that could otherwise result in
supercritical slopes.

Studies also show that with these ratios and
capacities a rectangular flume invert slope of
0.005, for example, is nearly always steeper
than critical slope resulting in supercritical
flow. Flume slopes should be substantially
flatter than critical slope because flows at or
near critical depth tend to be rather unstable,
resulting in undesirable water surface
undulations.

Using an n value of 20 percent less than the
nominal design n, a verification should be
made to see that the depth does not approach
critical depth where the bottom might be
raised above design grade due to construction
tolerances.

(c) Freeboard —Bench flume freeboard
should be correlated with the adjacent canal
freeboard so that overflow from either will
result in the least amount of damage to canal,
flume, and facilities downhill from the
overflow.

Freeboard for flumes will depend upon a
number of factors, such as the size of flume,
velocity of water, curvature of alinement, and
anticipated method of operation. Figure 1-9
may be used as a guide for determining
minimum freeboard for flumes.

2-16. Transitions.—(a) General. —Wherever a
bench flume is used with a canal, transitioning
from the canal section to the flume section is
usually required to provide a relatively smooth
water surface and to conserve energy. This is
usually also true with transitioning from flume
section to canal section, especially if the canal
section is unlined.

As discussed in chapter VII, where concrete
transitions are required for inline structures
they are wusually broken-back (type 1)
transitions for the capacity range in this
publication. Where the flume velocity is not
much more than the canal velocity, an abrupt
change in water prism from canal to flume may
be permitted. The canal base width should,
however, be uniformly varied to match the
flume base width and flume wingwalls should
be provided to retain the canal banks and to
serve as cutoffs to prevent flow along the
outside of the flume.

(b) fnlet. —Usually flume velocities are
greater than canal velocities, resulting in
increasing velocities through the inlet transition
and a drop in the water surface by an amount
sufficient to produce the necessary increase in

velocity and to overcome friction and
transition losses. Neglecting the transition
friction loss, which is usually small, and
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assuming 0.3 Ah, for a broken-back inlet
transition loss, the total drop in water surface
is 1.3 Ah,.

The transition invert elevation at the cutoff
is set to match that of the canal, whereas the
transition invert elevation at the flume is set
below the flume normal water surface by an
amount equal to normal depth in the flume.

The length of the inlet transition is
determined by using a maximum convergence
angle of 27-1/2° between the water surface and
the transition centerline.

(¢) Outlet.—The outlet transition divergence
loss for a broken-back outlet transition to a
rectangular channel is approximately 0.5 Ah,.
The total rise in the water surface from the
flume to the canal, neglecting friction, is equal
to (1-0.5) Ah, = 0.5 Ah,.

The transition invert at the cutoff and at the
flume is set in the same manner as the invert
for the inlet transition except 0.5 Ah, is used
for difference of water surface (Aws).

The length of the outlet transition is
determined by using a maximum divergence
angle of 22-1/2° between the water surface and
the transition centerline.

(d) Frecboard —Freeboard at the transition
cutoff adjacent to concrete canal lining, other
hard surface, or buried-membrane canal lining
is usually the same as the lining freeboard. In
unlined and earth-lined canals the minimum
freeboard should be 6 inches for water depths
up to 1.25 feet; 9 inches for depths of 1.26 to
2.00 feet; and 12 inches for depths of 2.01 to
5.00 feet. Freeboard at the flume end of the
transition should be the same as the flume
freeboard.

(e) Cutoffs.—Transition cutoff walls should,
in general, be a minimum of 24 inches deep for
water depths up to 3 feet at the cutoff; 2 feet 6
inches deep for water depths of 3 to 6 feet; and
3 feet for water depths greater than 6 feet. The
minimum concrete thickness should be 6
inches for 24-inch cutoffs and 8 inches for
cutoffs deeper than 24 inches.

2. Structural Considerations of a
Rectangular Bench Flume

2-17. Flume Section.—(a) Stabiliry. —After
backfill requirements have been determined,
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resistance  to  sliding from uphill backfill
pressure must be provided. If the deadweight
of the empty flume does not furnish the
required resistance to backfill pressure on the
uphill side, the base may be cxtended to engage
additional earth weight. The ratio of the
horizontal forces to the vertical forces should
not exceed the coefficient of sliding. The
friction coefficient for sliding of concrete on
earth is frequently assumed to be 0.35. Then

—;—3 should be cqual to or less than 0.35. The

resultant of all forces considered in the analysis
for sliding should intersect the base of the
flume within the middle-third to provide
bearing pressure over the entire base width.

(b) Wall Loads.—Considerations for the
structural design of a concrete bench flume
section must include the deadweight of the
flume and the backfill loads outside the flume
with and without water in the flume.

If backfill is not required behind the walls,
the water surface inside the flume is assumed
to be at the top of the walls.

For flume walls which retain backfill, the
internal water pressure is usually omitted for
this size structure and only the exterior carth
load due to the backfill is used. A saturated
carth load and wheel loads are used where
appropriate.

If wintertime operation is required, an ice
load must also be considered.

(¢c) Concrete Thickness. —Concrete thickness
at the base of vertical cantilever flume walls is
determined by conventional reinforced
concrete design methods. The floor thickness is
usually made the same as the wall thickness at
the junction of the wall and floor, and is
usually uniform across the width of the flume.

(d) Drainage.—Pipe drains are intermittently
placed under the flume to remove storm runoff
water or any other water which might
otherwise collect behind the uphill flume wall
and cause stability and foundation problems.

(e) Joints.—The flume should be provided
with rubber water stop joints every 25 feet.
The joints are usually butt joints without
elastic filler except that elastic filler joints
should be used from the PC to the PT of curves
and adjacent to transitions. Bell joints are not
recommended.
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(f) Safety Requirements.—Most flumes with
capacities of 100 cfs and less do not require
safety facilities because they are generally in a
low exposure classification, and in addition a
combination of the depth and velocity of water
in the flume is not considered hazardous.
Flumes in class A, B, or C exposure areas will
require fencing to prevent persons from
entering the flume. This is especially necessary
if the flume is backfilled to the top of the
hillside wall. Fencing or guardrail may also be
required to keep animals and vehicles out of
the flume and to protect operating personnel.
Flumes with wall heights greater than 3 feet
will require escape ladders at 500-foot intervals
to permit a person to climb out. See chapter IX
for additional safety details.

2-18. Design Example. —(a) Given. —

(1) A bench flume is to be used along a
canal alinement to convey the canal water
along a steep hillside. Excavation for the
bench will be in rock. Debris and loose rock
is not expected to be falling so the uphill
flume wall will not require backfill.

(2) Pipe drains will be required under the
flume to remove hiliside runoff water from
behind the uphill flume wall. Assume that a
6-inch drain every 100 feet will fulfill this
requirement.

(3) An access road adjacent to the flume
on the downhill side will not be required
since a natural bench exists a short distance
downhill from the flume and will be
improved to provide access.

(4) The earth canal has the following
hydraulics properties at each end of the
flume: Q = 100 cfs, s = 0.00056, n = 0.025,
d = 3.00 ft.,, b= 10 ft., S:S = 1-1/2:1, A =
43.5 sq. ft., V.= 230 f.p.s,, R =2.09, h, =
0.08, and F, = 1.9 ft. At the upstream end
of the flume structure the canal station is
1+00 and the invert elevation of the canal is
1000.00. At the downstream end of the
flume structure the canal station is 6+50 and
the invert elevation of the canal is 998.80.
The head loss provided for the bench flume
structure is therefore 1.20 feet.

(5) Use broken-back inlet and outlet
transitions from the earth canal to the flume
section.
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(6) Flume roughness coefficient n is
assumed to be 0.014 (see sec. 1-16).
(b) Determine. —

(1) Bench flume section.—Bench
excavation for construction of the flume will

be in rock on a fairly steep hillside. For
economy of construction including
excav