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Section A

DESIGN HYDROLOGY

A=l General Hydrology Criteria

The following criteria will be used as a basis of hydrological design:

a. In those situations where the proposed drain forms the upstream
terminus of the drainage system and will be connected to an outlet
of restricted capacity the design Q shall be compatible with the
outlet condition. In those situations where the proposed drain
connects to a restricted outlet drain which is part of a system
that the District or other agency intends to upgrade with future
relief the criteria stated below shal! govern,

b. For drains to be located in natural existing watercourses or
which will serve as outlets for sump areas, a storm frequency
of 50 years shall apply. A sump is defined as a low area which
prevents the free passage of water with consequent flooding of
streets or private property.

c. For drains where the above criteria are not applicable, a
storm frequency of not less than 10 years shall apply.

For uniformity, the hydrology will be based upon standards and methods
¢ computation used by the Los Angeles County Flood Contrc! District
and the District's basic data (Coefficient Curves, Intensity Duration
Curves, Isohyetal Map and Soil Maps). Please refer to the District's
Hydrology Manual for methods and data.

A=2 Design Q

The hydrology will be furnished by the District's Hydraulic Division for
District projects. Typical dats will include a sketch

map showing drainage boundaries and design data sheets indicating the
reach Q's, frequency, peak subarea Q's and type of Q, if other than
"clear Q''. Subareas result from the initial breakdown by the District
of the total drainage area and are designated by numbered circles on

the drainage maps furnished by the District.

Discrepancies in drainage area boundaries with those furnished by the
District should be discussed with the District's Design Division. |If
any problems remain, the conflicts should be resolved with the
District's Hydraulic Division.

Hyd. Man.
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A-2 Design Q contlnued,

if, during the design of a project, it is determined that the reach
Q's furnished by the District should be broken down by subreaches
between the interception points assumed in the main line hydrology,
then the Q's for the subreaches (Q'SUBR) shall be determined as follows:

. A
Aojuaﬂ - Ay 4G

where 4Qg;gp = Change in Q for the subreach in'question. (To
determine the subreach Q, add the AQSUBR to the

design Q at the upstream end of the subreach.)

A = Area in acres tributary to the intermediate inter-
ception point. Does not include areas tributary
to interception points upstream,

AT = Total area, in acres, of the appropriate subarea.

AQR = Difference in Q between the reach in gquestion and
the reach upstream.

It is intended thatstreets crossing the alignment be considered inter—
medate interception points and that the reach of main line between
sucihh points be considered a subreach.

If a drain is to be designed for the restricted outlet capacity, the
Design Q's shall be determined as follows:

_ &
0&5 =Ycap @,
RO

where Q'CAP = Capacity of the outlet

QRO = Reach Q at the outlet (from the hydrology)

Q = Reach Q in question (from the hydrology)

Exceptions to the above policies must be approved by the District.
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A-2 Design Q continued.

If the designer discovers a discrepancy in subarea acreage and if
the discrepancy is 10 percent or less or 3 acres or less than the
total subarea acreage, then subarea Q's and main line reach Q's

can be adjusted in lieu of requesting the hydrology to be retabled.

Use the following procedure to adjust Q's:

Y (yield/acre) =_Q (original)
A (original)

Q (adjusted) = Y . A (corrected)

Both subarea Q's and main line reach Q's can be adjusted with this
procedure; however, it should be noted that the yield/acre may differ

for the subarea Q and main line Q.

On projects where hydrology has been furnished by the District, the
designer is requested to submit a copy of the original hydrology data
sheet furnished by the District marked up with the corrected subarea
acreage, subarea Q's, and main line Q's. This will alert the District's
reviewer that changes have been made by the designer and he can readily
check the magnitude of the change.

Hyd. Man.
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Section B

CRITERIA FOR HYODRAULIC OES I GN

CLOSED CONDUI TS

General Hydraulic Criteria

Closed conduit sections (pipe, box,or arch sections) shall be designed
as flowing full, whenever possible, and may be allowed to flow under
pressure except when the following conditions exist:

a. In some areas of high deporis potential, there is a possibility of
stoppage occurring in drains. In situations where debris may be
expected, the District's Hydraulic Division shall be consulted for
a deturmination of the appropriate bulking factor.

b. In certain situations open channel sections upstream of the
proposed closed conduit may be adversely affected by back
pressure.

if the proposed conduit is to be designed for pressure conditions, the
hydraulic grade line shall be positioned sufficiently below the surface
of the street to efficiently intercept catch basin flows. However, in
those reaches where no surface flow will be intercepted, a hydraulic
grade line which encroaches on or is slightly higher than the ground or
street surface will be acceptable. Reference is made to subsection
B-4.2 for requirements for pressure manholes. -

B-2 Water Surface Profile Calculations

B-2.]1 Determination of Controlling Water Surface Elevation

A conduit to be designed for pressure conditions may discharge into
one of the following:

a. A body of water such as a reservoir or the ocean.
b. A natural watercourse or ravine.
c. An open channel, either improved or unimproved.

d. Another closed conduit.

Hyd. Man.
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B-2.1

Determination of Controliing Water Surface Elevation continued.

The controlling water surface elevation at the point of discharge
is coomonly referred to as the control and, for pressure flow, is
generally located at the downstream end of the conduit. If flow
becomes unsealed, the control may be at the first gradebreak
upstream of the point where unsealing occurs or, under certain -
conditions, may be farther upstream.

Two general types of controls are possible for a conduit on a
mild slope, which is a physical requirement for pressure flow
in discharging conduits.

a. Control elevation above the soffit elevation. In such
situations the control shall conform to the following
criteria:

(1) In the case of a conduit discharging into a reservoir,
the control shall be the reservoir water surface
elevation.

(2) In the case of a conduit discharging into an open channel,
the control shall be the design water surface elevation
of the channel.

(3) In the case of a conduit discharging into another conduit,
the control shall be the highest hydraulic grade line
elevation of the outlet conduit immediately upstream or
downstream of the confluence.

(4) 1n the case of a conduit discharging into the ocean, the
control shall be approved by the District prior to
preparation of hydraulic calculations.

b. Control elevation at or below the soffit elevation. The
control shall be the soffit elevation at the point of
discharge. This condition may occur in any one of the four
situations described on page B-1.

Hydraulic grade line elevations to be used as controls for
projects in many cases may be obtained from the District's Design
Division. Exceptions to the above policy must be approved by the
District.
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B-2.2 Instructions for Hydraulic Calculations

most procedures for calculating hydraulic grade line profiles are
based on the Bernoulli equation. This equation can be expressed

as follows:

i v
2’; +0, *5p0l = ?é * 0, ".5,:[ *Hminor

2 Lre. '
1 4 Orou/,
7c
(7)

| !

| POi @) |

u Dy
;
1

T very
N

2,

L
in which D = Vertical distance from invert to H.G.L.
So = |nvert slope
i = Horizontal projected length of conduit
S¢ = Average friction slope between Sections | and 2
v = Average velocity (Q/A)
h = Minor head losses

minor

Minor losses have been included in the Bernoulli equation because
of their importance in calculating hydraulic grade line profiles
and are assumed to be uniformly distributed in the above figure.

Hyd. Man.
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B-2.2 Instructions for Hydraulic Calculations continued.

when specific energy (E) is substituted for the quantity v2/2g + D
in the above equation and the result rearranged,

L= —3-5"'5
o~ If
The above is a simplification of a more complex equation and i;

convenient for locating the approximate point where pressure
flow may become unsealed. ‘

The format in use at the District for calculating hydraulic grade

line profiles is shown on Chart No. B-01. For use in expediting
such calculations a computer program is available. (See page B-16.)

B-2.3 Head Losses

B-2.3.1 Friction Loss

Friction losses for closed conduits carrying storm water,
including pump station discharge lines, shall be calculated
from the Manning equation or a derivation thereof. The
Manning equation is commonly expressed as follows:

/486
v

0= ar% 5.4

in which Q = Discharge, in c.f.s.
n = Roughness coefficient
A = Area of water normal to flow in ft.2
R = Hydraulic radius
S¢ = Friction slope

When rearranged into a more useful form,

sedzatimn %]

in which

Hyd. Man. . [ LBC 4R%

e
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B-2.3.1 Ffriction Loss continued.

The loss of head due to friction throughout the length of
reach (L)is calculated by:

Ve 2
/y,=5;4=[;] Z

The value cf K is dependent upon only two factors: the
geome:rical shape of the flow cross section as expressed
by the quantity AR2/3  and the roughness coefficient (n).
The values of n shown in Chart No. F-04 & F-05 shall be
used.

Values of K corresponding to an n value of .013 for
reinforced concrete pipe and equivalent reinforced
concrete box sizes are shown on Chart No. F-01.

B-2.3.2 Transition Loss

Transition losses shall be calculated from the equations shown
below. These equations are applicable when no change in Q
occurs and where the horizontal angle of divergence or
convergence (8) between two sections does not exceed 5°45°'.

____\¢
Drrectron ({
v
0; //anf ‘/2 _—
Te

For velocities which increase in the direction of flow

A
bp =t l.z»" >

For velocities which decrease in the direction of flow

vy < vy),
;52 L/Z
7721207 29

Hyd. Man.
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B-2.3.2 Transition Loss continued.

Deviations from the above criteria must be approved by the
District. When such situations occur, the angle of divergence
or convergence (8) may be greater than 5°L45'. However, when

® is increased beyond 10°, the above equations will give results
for hy that are too small and the values for h, derived from the
preceeding formulas should be increased by multiplying ht by the

following:
For 10°<8<15" Multiply hy by 2
For 15°<9<20° Multiply h, by 3

For 20°< 8<25° Multiply h® by &
For 8>25° Multiply h, by

B-2.3.3 Junction Loss

In general, junction losses shall be calculated by equating
pressure plus momentum through the confluences under
consideration. This can be done by using either the
District's P + M method or the City of Los Angeles'
Thompson equation, both of which are shown in Section F.
Both methods are applicable in all cases for pressure

flow and will give the same results.

For the special case of pressure flow with Al = Az and
friction neglected,

\19
Direc?ron
oFf £low
£ |7

W 24y

/)J"z?'zy 4, - 29'[05 &

Hyd. Man.
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B-2.3.4 Manhole Loss

Manhole losses shall be calculated from the equation shown
below and shall be used only for District Manhole Nos. | and 2.
where a change in pipe size and/or change in Q occurs, no
additional head loss need be calculated for the manhole. It
is considered to be included in the transition and or junction
loss.

23
lomp =.05 [éi;]

B-2.3.5 Bend Loss

Bend losses shall be calculated from the following equations:

p/Z
#6 = Kb |25

in which
4
/(b £ 020 Eo
where & = Central angle of bend in degrees

Ky may be evaluated graphically from Chart No. B-10 for values
of A not exceeding 90 degrees.

Bend losses should be included for all closed conduits, those
flowing partially full as well as those flowing full.

Hyd. Man.
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B-2.3.6 Angle Point Loss

Angle point losses shall be calculated from the following
equation:

>4

4
Ao pr =.0033 & 29

in which 8 = Deflection angle in degrees, not to exceed
6° without prior approval from the District.

B-3 Special Cases

B-3.1 Transition From Large to Small Conduit

As a general rule, storm drains shall be designed with sizes
increasing in the downstream direction. However, when studies
indicate it may be advisable to decrease the size of a
downstream section, the conduit may be decreased in size in
accordance with the following limitations:

@a. For siopes of .0025 (.25 percent) or less, only conduits
75 inches and greater may be decreased. A reduction is
limited to a maximum of 6 inches.

B. For slopes of more than .0025, only conduits 33 inches
and qreater may be decrsased. Each reduction-is limited to
a2 maximum of 3 inches for pipe 48 inches in diameter or
smaller, and to a maximum of 6 inches for pipe larger than
48 inches in diameter, Reductions exceeding the above criteria

must have District approvai.

In any case the reduction in size must result in a more
economical system.

Where conduits are to be decreased in size due to a change in
grade, the criteria for locating the transition shall be as
shown on Chart No. B-20. A design that doesn't follow this
criteria must have District approval.

Hyd. Man.
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B-3.2 Branching of Flow in Pipe - Heac Loss

The following equation may be used to determine the loss of
head in cases where it may be necessary to split or branch
the flow into another drain.

@, Vi, e
45: Pg) s
2

|4
Pom = & F7

Values for the coefficient C may be optained from the table
below and apply only to straight reaches of pipe of constant
diameter. For angles of divergence (8) and ratios of

Q3/Q1 other than those shown, values of C may be interpolated.

e | B | G| D -
so° | c=a76 | c=a7 | c=aso
60° | ceas® | c:=a0sa¢ | c:=csz
as* | c=as5 | c-asz | ceaz0

B-4 Design Requirements for Maintenance and Access

B-4.] Manholes

B-4.1.1 Spacing

a. Conduit diameter 30 inches or smaller:

Manholes shall be spaced at intervals of approximately
300 feet. Where the proposed conduit is less than

30 inches in diameter and the horizontal alignment has
numerous bends or angle points, the manhole spacing
shall be reduced to approximately 200 feet. -

Hyd. Man.
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B=4.1.]

Spacing continued.

b. Conduit diameter larger than 30 inches but smaller than
45 inches:

Manholes shall be spaced at intervals of approximately
LOO feet.

c. Conduit diameter 45 inches or larger:

Manholes shall be spaced at intervals of approximately
500 feet.

The spacing requirements shown above apply regardless of
design velocities. Deviations from the above criteria shall
be subject to District approval.

B=4.1.2 Location

Manholes shouid not be located in street intersections,
especially when one or more streets are heavily traveled.

In situations where the proposed conduit is to be aligned
both in easement and in street right of way, manholes should
be located in street right of way, wherever possible.

Manholes shall be located as ciose to changes in grade as
feasible when the following conditions exist:

a. When the upstream conduit has a steeper slope than the
downstream conduit and the change in grade is greater
than 10 percent, sediment tends to deposit at the point
where the change in grade occurs.

b. When transitioning to a smaller downstream conduit due
to an abruptly steeper slope downstream, debris tends
to accumulate at the point of transition. Please refer
to Section B-3.] above and to Chart No. B-20.

B-4.1.3 Design

When the design flow in a pipe flowing full has a velocity
of 20 f.p.s. or greater, or is supercritical in a partially
full pipe, the total horizonta! angle of divergence or
convergence between the walls of the manhole and its center
line shall not exceed 5°45'
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B-4.2 Pressure Manholes

A pressure manhole shaft and a pressure frame and cover shall be
installed in a pipe or box storm drain whenever the cesign water
surface is more than | foot above the top of the manhole cover.

In cases where the flow in the storm drain could exceed the design
Q and the water surface for the higher Q could produce a water
surface over | foot above the top of the manhole cover, a3 pressure
manhole shaft and a pressure frame and cover shall be installed.

B-4.3 Special Manholes

Special 36-inch diameter manholes or vehicular access structures
shall be provided when required by the District. The need for
access structures will be determined by the District during its
review of the plans.

B-4.4 Deep Manholes

A manhole shaft safety ledge shall be provided in all instances
when the manhole shaft is 20 feet or greater in depth. Installation
shall be in accordance with District Standard Drawing No. 2-DL430.

B-4.5 Inlets into Main Line Drains

Lateral pipe entering a main line pipe storm drain generally shall
be connected radially. Lateral pipe entering a main line box
structure shall conform to the following:

a. Lateral pipe 24 inches or less in diameter shall be no more
than five feet above the invert.

b. Lateral pipe 27 inches or larger in diameter shall be no
more than 18 inches above the invert, with the exception
that catch basin connector pipe less than 5C feet in length
may be no more than five feet above the invert.

Exceptions to the above requirements may be permitted where it can
be shown that the cost of bringing laterals into @ main line box
conduit in conformance with the above requirements would be
excessive.

B-4.6 Minimum Pipe Size

The minimum diameter of main line conduit shall be 24 inches,
unless otherwise approved by the District.

in cases where the conduit may carry significant amounts of

debris, the minimum diameter of main line conduit shall be

48 inches. The minimum diameter main line conduit conveying flows from
a depris basin shall be 36 inches. In situations where debris

may be expected, the District's Hydraulic Division shail be

consulted to determine the applicatility of debris criteria.

Tunnel sections shall have a minimum equivalent diameter of
60 inches. Hyd. Man.
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B-4.7 Minimum Slope

The minimum slope for main line conduit shall be .001 (.10
percent), unless otherwise approved by the District.

For debris carrying storm drains, the minimum drain slope shall
be .05 (5 percent). In cases where it is not feasible to design
the drain for .05 (5 percent) the District may approve a slope
of .03 (3 percent).

B-4.8 Inlet Structures

An inlet structure shall be provided for storm drains located in
natural channels. The structure should generally consist of a
headwall, wingwalls to protect the adjacent banks from erosion,
and a paved inlet apron. The apron slope Should be limited to a
maximum of 2:1. Wall heights should conform to the height of the
water upstream of the inlet, and be adequate to protect both the
fill over the drain and the embankments. Headwall and wingwall
fencing and the District's Standard protection barrier or trash
rack shall be provided to prevent public entry. The trash rack
should be used for inlets 4B-inches (diameter or width) and
smaller. For inlets larger than 48-inches a special designed
trash rack may be required.

1€ debris is prevalent, barriers consisting of vertical 3-inch

or b-inch diameter steel pipe spaced at 1/3 the main line diameter
or width to a maximum of 30 inches on centers should be embedded in
concrete immediately upstream of the inlet apron.

B-4.9 Outlet Structures

a. Where a storm drain discharges into the ccean, the designer should
check with the District's Design Division Engineering Analysis Group
for up-to-date criteria as to location and type of structure to be
used.

b. When a storm drain outlets into a natural channel, an outlet
structure shall be provided which prevents erosion and property
damage. Velocity of flow at the outlet should agree as closely as
possible with the existing channel velocity. Fencing and a protecticn
barrier shall be provided.

(1) When the discharge velocity is low, or subcritical, the ocutlet
structure shall consist of a headwall, wingwalls, and an apron.

The apron may consist of a concrete slab, or grouted rock.

(2) When the discharge velocity is high, or supercritical, the
designer shall, in addition, consider bank prortection in the
vicinity of the outlet and an energy dissipator structure.
The District will furnish, upon request, drawings of various
types of energy dissipators used on past projects.

Hyd. Man.
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B-4.10 Protection Barriers and Trash Racks

A protection barrier is a means of preventing people from entering
storm drains. Protection barriers may consist of large, heavy
breakaway gates, single horizontal bars across catch basin openings,
or chain link fencing around an inlet or an exposed outlet. Catch
basin protection bars are detailed and specified as to their use

in the District's Standard Drawings Manual.

Protection barriers shall be provided wherever necessary to prevent
unauthorized access to storm drains. The District's Standard Trash
Rack 5 normally used for inlets 4B-inches (diameter or width)

or smaller.

In some cases the protection darrier and trash rack may be one of the
types detailed in the District's Standard Drawings Manual. In other
cases they may be a special design to be shown on the construction
drawings. It shall be the designer's responsibility to provide a
protection barrier or trash rack,or toth, appropriate to each situation.

B-4.1] Debris Barriers

A debris barrier or deflector is 2 means of preventing large debris,
such as tree limbs, logs, boulders and refuse, from entering a
storm drain and possibly plugging the conduit. The debris barrier
should have openings wide enough to allow as much smal} debris as
possible to pass through and yet narrow enough to protec: the
smallest conduit in the system downstream of the barrier. One
type that has been used effictively by the District in the past is
the debris rack. This type of debris barrier is usually formed by
a line of posts, such as steel pipe filled with concrete or sreel
rails, across the line of flow to the inlet. An example

of this type would be the debris barrier designed for Hidden Hills
Project No. 4101, Drawing No. 364-4101-D5.1. It shall be the
designer's responsibility to provide a debris barrier or deflector
appropriate to the situation.

B-4.12 Debris Basins

Debris basins, check dams and similar structures are 2 means of
preventing mud, boulders and debris held in suspension and

carried along by storm runoff from depositing in storm drains.
Debris basins constructed upstream of storm drain conduits, usually
in canyons, trap such material before it reaches the conduit. DOebris
basins must be cleaned out on a regular basis, however, if they are
to continue to function effectively. Refer to the Distric:z's Debris
Dams and Basins Design Manual regarding the criteria to be used in
designing these structures.

Hyd. Man.
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B-5 Other Closed Conduit Criteria

B-5.1 Angle of Confluence

In general, the angle of confluence between main line and lateral
shall not exceed 45 degrees and, as an additional requirement,
shall not exceed 30 degrees under any of the following conditions:

a. Where the flow (Q) in the proposed lateral exceeds 10 percent
of the main line flow.

b. Where the velocity of flow in the proposed lateral is
20 f.p.s. or greater.

c. Where the size of the proposed lateral is 60 inches or
greater. ‘

d. Where hydraulic calculations indicate excessive head losses
may occur in the main line due to the confluence.

Connector pipe may be joined to main line pipe at angles greater
than 45 degrees up to a maximum of 90 degrees provided none of the
above conditions exist. |If, in any specific situation, one or
more of the above conditions does apply, the angle of confluence
for connector pipes shall not exceed 30 degrees. Connections
shall not be made to main line pipe which may create conditions

of adverse flow in the connector pipes.

The above requirements may be waived only if calculations are
submitted to the District showing that the use of a confluence
angle larger than 30 degrees will not unduly increase head losses
in the main line.

B-5.2 Flapgates

A flapgate shall be installed in all laterals outletting into a
main line storm drain whenever the water surface level of the
main line is higher than the surrounding area drained by the
lateral.

The flapgate must be set back from the main line drain so that
it will open freely and not interfere with the main line flow.
A function structure shall be constructed for this purpose in
accordance with District Standard Drawing No. 2-D192.

B-5.3 No-Joint Cast-in-Place Concrete Pipe

Refer to the District's Structuraj Def gn Manual 5
criteria regardung no-joint cast-in-plade concrete pipe,

The Manning's value for cast-in-place concrete pipe is .Olb
The n vajue for reinforced concrete pipe is .013.,

Hyd. Man.
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B-6.4 Rubber-Gasketed Fipe

For criteria regarding the use of rubber-gasketed pipe, refer to
the District's Structural Design Manual.

B-5.5 Asbestos Cement Pipe

The criteria for determining the use of asbestos cement pipe
shall be as follows:

a. Asbestos cement pipe may be used for main line and lateral
construction provided that:

(1) The pipe diameter is 42 inches or less.

(2) The velocity does not exceed 5 feet per second under
abrasive conditions. Abrasive conditions are considered
to exist where the tributary drainage areas include
undeve loped land that may contribute significant
amounts of erosive materials to the drain, such as
slate, hard shales and granitic materials, large cobbles
and boulders, etc.

(3) The velocity does not exceed 20 feet per second.

b. Asbestos cement pipe may be used for catch basin connector
pipe 42 inches or less in diameter except where significant
amounts of erosive materials may enter the catch basins
during storms.

Refer to the District's Structural Design Manual for
instructions regarding D-load requirements for asbestos cement

pipe.

Refer to the District's Project Preparation

Instruction Manual for instructions regarding the gereral notes
to be placed on bond issue drawings pertaining to the use of
asbestos cement pipe.

B-5.6 Non-Reinforced Concrete Pipe

The same velocity and abrasion restrictions that apply to asbestos
cement pipe shall apply to nen-reinforced concrete pipe.

B-5.7 Corrugated Steei Pipe

in locations where corrugated steel pipe will be a permanent
installation the invert shall be paved with concrete (see chart
FO6). Manning's n values for corrugated steel pipe are shown
on chart FOS. .
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B-5.8 Tunnel Sections

Make every effort in the hydraulic design to maintain the same
cross section throughout a tunnel reach, as this will generally
result in the most economical construction.

B-6 Computer Programs

A District Water Surface Pressure Gradient-Hydraulic Analysis computer
program is available (Program FOSISP). |f a computer program other than
the District's is used, the District's hycraulic grade line calculation
sheet (Page G-1) or water surface computation sheet (Page G-5) shall be
completely filled out and submitted.

Hyd. Man.
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Section C

CRITERIA FOR HYDRAULIC DESIGN

OPEN CHANNELS

C-1 General Hydraulic Criteria

In general, all open channels should be designed with the tops of the
walls or levees at or below the adjacent ground to allow interception
of surface flows. If it is unavoidable to construct the channel
without creating a pocket, a means of draining the pocket must be
Indicated on the drawings.

In making preliminary layouts for the routing of proposed channels,

it is desirable to avoid sharp curvatures, reversed curvatures, and
closely=spaced series of curves, |If this is unavoidable, the design

cons iderations in Section C-3 shall be followed to reduce superelevatlons
and to eliminate initial and compounded wave disturbances.

It is generally desirable to design a channel for a Froude number
of just under 2,0, In the area within the Los Angeles County
Flood Control District, however, this is not always possible
because of steep terrain. |f the Froude number exceeds 2.0, any
small disturbance to the water surface is amplified in the course
of time and the flow tends to proceed as a series of "roll waves''.
Reference is made to Section C-3.4 for criteria when designing

a channel with a Froude number that exceeds 2.0.

in the design of a channel, if the depth is found to be at or near
critical depth [Froude No. (F-v/JEU) = 1.0} for any significant length
of reach, the shape or slope of the channel should be altered to secure
a stable flow condition.

(=2 Water Surface Profile Calculations

C-2.1 General

Water surface profile calculations shall be calculated using the
standard step method. Confluences and bridge piers are analyzed
using pressure and momentum theory. See Appendix for forms used
in hand calculations. For use in expediting such calculations,
a computer program (FOSISP) is available. (See page B8-16)

Hyd. Man,
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C=2 Water Surface Profile Calculations continued,

(-2.2 Determination of Controlling Water Surface Elevation

The following are generally control points for the calculation
of the water surface profile:

l. Where the channel slope changes from mild to steep
or critical, the depth at the grade break is critical
depth.

2, Where the channel slope changes from critical to steep,
the depth at the grade break is critical depth.

3. Where a discharging or outletting channel or conduit
is on a mild slope, the water surface is generally
controlled by the outlet (see Section B=2,1).

4, When a channel on a steep slope discharges into a
facility that has a water surface depth greater than
the normal depth of the channel, calculate pressure
plus momentum for normal depth and compare it to the
pressure plus momentum for the water surface depth
at the outlet according to the equation, P +M A P +M,.

a., If P+, > P #M,, this indicates upstream control
with a hydraulic jump at the outlet,
i ~

v Cutl/er

.

o

b. If Po+M, < P +M,, this indicates outlet control
with a hydraulic jump probably occuring upstream.

Sur#
T~

~
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C-2 Water Surface Profile Calculations continued.

c. Where the water surface of the outlet is below the
water surface in the channel or conduit, control will
be upstream and the outflow will have the form of a
hydraulic drop.

When there is a series of control points, the one located
farthest upstream shall be used as a starting point for
water surface calculation,

€=-2.3 Direction of Calculation

Calculations shall proceed upstream when the depth of flow
is greater than critical depth and shall proceed downstream
when the depth of flow is less than critical depth,

(-2.4 Head Losses

C-2.4.1 Friction Loss

Friction losses for open channels shall be calculated by
an accepted form of the Manning equation. The Manning
equation is commonly expressed as follows:

o125 Le% 5%

in which Q = Flow rate, in c.f.s.
n = Roughness coefficient
A = Area of water normal to flow, in fr.?
R = Hydraulic radius
Sf = Friction slope

Hyd. Man.
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€-2 Water Surface Profile Calculations continued.

When rearranged into a more useful form,

. 2ot [ V7 [ney]
S¢ = 27 [?g = |

The loss of head due to friction throughout the length
of reach involved (L) is calculated by:

e = Sg - L

Refer to the Appendix for values of "n'' for different
materials and corresponding values of

Zg?
22/

C~2.4.2 Confluence or Junctions

Confluence or junctions shall be evaluated by the pressure and
momentum theory and shall conform to closed conduit

angle of confluence criteria, Section 8~5,1., Refer

to Section F- for cases and alternate solutions.

C-2.5 Side=Channel Spillway Inlets

When the main channel is relatively narrow and when the volume
of side inflow is in the range between 3 and & percent of the
main channel discharge, high waves are usually produced by the
side inflow and are reflected downstream for a long distance,
thus requiring additional wall height to preclude overtopping
of the channel walls. This condition is amplified when the
side inflow is at a greater velocity than the main channel.

To eliminate these wave disturbances, the Los Angeles District
of the Corps of Engineers has developed a side channel
spillway inlet. The Corps may require this type of structure
when outletting into one of their facilities. it shall also
be used for District channels if high waves above the nor-
mal water surface cannot be tolerated. See Section F for the
Corp's procedure and criteria.

Hyd. Man.
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C=2 Water Surface Profile Calculations continued.

C-2.6 Transitions

C=2.6.]1 Subcritical Flow

For subcritical velocities less than 12 f.p.s., the
angle of convergence or divergence between the center
line of the channe! and the wall shall not exceed 12°30°',
The length of the transition (L) shall be determined
from the following equation:

L = 26408

where AB = The difference in channel width at the
water surface between the upstream and
downstream ends of the transition.

For subcritical velocities equal to or greater than

12 f.p.s., the angle of convergence or divergence between
the center line of the channel and the wall shall not exceed
5°45', The length (L) shall be determined from the
following - equation:

L E 5048

Head losses for transitions with converging or diverging walls
in subcritical flow conditions shall be determined by using
the formulas in subsection B-2.3.2.

C-2.6.,2 Supercritical Flow

a. Diverggnt Walls

The angle of divergence between the center line of the
channel and the wall shall not exceed 5°45' or tan~! F/3
whichever is smaller. The length of the transition (L)
is the longest length determined from the following
equations:

o048
55 A8-F

where F = Upstream Froude number based on
depth of flow,
AB = The difference in channel width at
the water surface,

Hyd. Man.
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C=2 Water Surface Profile Calculations continued,

b. Convergent Walls

Converging walls should be avoided when designing channels
in supercritical flow; however, if this is impractical, the
converging transition shall be designed to minimize wave
action. The walls of the transition shall be straight
lines ,

Schamatic protile 79997097

L - al '5!
2 7or &

With the initial Froude number and the contraction ratio
fixed and with the continuity equation giving

8 _ (Da)i L Fa,
Bs Z ~
trial curves can produce the geometry of the contraction
suggested above. The curves represent the equation

or. 2 G/) "43/57! :5/}73!£!, 'Jﬂ

Torn & =
27+om38, >[I~ 8<% s;n2m -

Refer to Charts C-20,Page G-9 in the Appendix and to the
example problem on Page F-22,
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C-2 Water Surface Profile Calculations continued.

C=2.7 Piers

C=2.7.] General

The effect of piers on open channel design shall be considered
at bridge crossings and where an open channel or box conduit
not flowing full discharges into a length of multi-barreled
box., This effect is especially important when flow is
supercritical, and when transported debris impinges on

the piers,

The total pier width shall include an added width for design
purposes to account for debris. Inasmuch as the debris width
to be used in design will vary with each particular situation,
the District's Design Division shall be contacted during the
preliminary design stages of a project for a determination of
the appropriate width, Streamline plers should be used when
heavy debris flow is anticipated. Refer to Section F for
design data regarding streamline piers.

The water surface elevations at the upstream end of the piers
shall be determined by equating pressure plus momentum. The
water surface profile within the pier reach shall be determined
by the Bernoulli equation. The water surface elevations at the
downstream end of the piers may be determined by applying either
the pressure plus momentum equation or the Bernoulli equation,

€-2.7.2 P + M Equation as Applied to Bridge Piers

/ = 3 4

SecTiormn A-A

e e
of IS

Based on observations of bridge pier losses it's been found that
there is a loss of momentum caused by impact against the pier
which produces a loss in momentum equal to My (A /A,). Therefare,
the pressure plus momentum (P| + H‘ -~ P_) should be reduced by the
loss M; (A /A]) which changes the momenfum term to My (A - Ap/A,) =
My (R /Ay)e A,

Py + My IT - Pp =Py + My

P3+H3'P“*H&‘Pp

Hyd. Man.
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C=2 Water Surface Profile Calculations continued.

where PI -
"l-
Al =
Az-

Pz-

' <
]

-
L}

Ky =

Hydrostatic pressure in unobstructed channel
Kinetic momentum in unobstructed channel
Area of unobstructed channel

A - Ap = Area of water within bridge

Hydrostatic pressure within bridge based on
net flow area

Kinetic momentum within bridge based on net
flow area

Ky Ag 7; = Hydrostatic pressure of bridge pier
Area of piers

Centroidal moment arm of Ap about the hydraulic
grade at the section

Pier factor

Kp = 1,0 for square-nosed piers

Kp = 2/3 for round-nosed piers

(Subscripts indicate the applicable section)

Chart C-10 is a graphical representation of the method presented
above. Charts C-11 and C-12 are a graphical solution of the above

P + M equation,

C-2.7.3 Hydraulic Analysis

For subcritical or critical flow, the following cases, numbers |
or 2, generally apply.

1. |f the depth which balances the P + M equation at the
downstream end is equal to or above D. within the piers,
continue the water surface calculations to the upstream
face of the bridge piers. Calculate the depth upstream
of the piers by equating pressure plus momentum,

Hyd. Man.
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C=2 Water Surface Profile Calcu.latlons cont inued,

2. |If at the downstream end of the piers no depth can be
found to balance the P + M equation, assume critical
depth within the pier and calculate the water surface
Jjust downstream from the end of the pier. Calculate
P « M for this depth and its sequent depth. |f the upper
sequent depth provides a greater sum (P + M), a hydraulic
Jjump occurs at the downstream end of the pier. I|f the lower se-
quent depth results in a greater sum (P + M) the hydraulic
Jjump occurs some distance downstream from the pier., With-
in the pier,calculate the water surface to the upstream
face and then calculate the depth just upstream of the
face of the pier using the P + M equation.

%

~Ze -

™ — \
i —
hs' ‘<
Ot

e TS

For supercritical flow the following cases, numbers 3 or 4,
generally apply.

3. |f the depth calculated by the P+ M equation just inside
the upstream face of the pier is equal to or below
critical depth continue the water surface to the down-
stream end of the pier and then calculate the depth just
outside the pier by either the P + M equation or the
Bernoulli equation.

— — }"~

%%.\i\& _
~ e =
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C-2 Water

4

Surface Profile Calculations continued.

If, at the upstream end of the pier, no depth can be
found to balance the P + M equation, calculate P + M

for the depth of flow just outside the upstream end of
the pier and its sequent depth. [|f the lower stage
results in the greater sum (P + M), this indicates a
hydraulic jump at the upstream face of the pier, If

the upper stage results in the greater sum (P + M),

this indicates a hydraulic jump some distance upstream
from the pier, Assume critical depth just inside the
upstream pier face and continue the water surface to the
downstream end of the pier, and then calculate the

depth just outside the pier by either the P + M equation
or the Bernoulli equation.

£~ ~ _ _\ik\\

L/ e

e

C-3 Curving Alignments -

C-3.1

Superelevation

Superelevation is the rise in water surface at the outer wall
above the mean depth (D) of flow in an equivalent straight
reach, caused by centrifugal force in a curving alignment.

Hyd. Man.

Rectangular Channels

For subcritical velocity, or for supercritical velocity

where a stable transverse slope has been attained by an up-
stream easement curve, the maximum superelevation (S max) can
be calculated from the following equation:

S max = V2b
2gr
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C-3 Curving Alignments continued.

For supercritical velocity in the absence of an upstream
easement curve, the maximum superelevation (S max) is given
by the following equation:

S max = va
gr
where V = Velocity of the flow cross section, in f.p.s.

b

Width of the channel, in ft.

g = Acceleration due to gravity

r Radius of channel center line curve, in ft.

b. Trapezoidal Channels

For subcritical velocity, the maximum superelevation (S max)
can be calculated from the following equation, and includes
a 15 percent factor of safety.

S max = 1.15 V2 (b+22D)
2gr

where z = cotangent of bank slope (ie: Horizontal to Vertical
Ratio)

b = channel bottom width, in ft.

-

For supercritical velocity, curving alignments shall have
easement curves with a3 maximum superelevation (S max) given
by the following equation:

S max = 1.3 V& (b+22D)
gr

A 30 percent factor of safety is included.

Hyd. Man.
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C-3 Curving Alignments continued.

Unlined Channels

Pipe and wire, or rail and wire, channels shall be considered
trapezoidal insofar as superelevation calculations are con-
cerned. However, this does not apply to calculations of stream
or channel cross-sectional areas.

Superelevation Allowance

L

-
- ~

N .

y . “No syperelevorton
! . elevatiornr _
Superetevation P Supereevation
vories from vores from
O To Moxinum Moximum 7o 0

Wwhen determining superelevated water surfaces for freeboard
(See Section C-4 for Freeboard) without easement curves, begin
the surface change at a point 5 L' downstream of the B.C. of
curve with no superelevation, taper to maximum superelevation
at a point 3 L' downstream of the B.C. of curve, carry maximum
superelevation to the E.C. of curve, and taper to no super-
elevation at a point 2 L' upstream of the E.C.
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C-3 Curving Alignments continued.

where:

L' =T

e

tan B
T = Top width

= b for rect. channels

b+ 22D for trap. channels

= Wave front angle

= Sin-1 _132__
- in=1 l
Sin g
Froude Number = __V

Nob

-
]

C-3.2 Easement Curves

Easement curves are alignment transition curves, employed
upstream and downstream of circular curves, when supercritical
flow exists in open channels. The purpose of the easements is

to alter the transverse slope of the water surface and keep the
water prism in constant static equilibrim against centrifugal
force throughout the entire length of the easements and central
circular curves, thus achieving minimum heights of superelevation
with avoidance of cross=wave disturbances.

Circular easement curves are recommended in lieu of spiral
transition curves for ease of design and construction. Also
very little hydraulic advantage is gained by the use of the
spiral. The circular easement curve consists of curved sections
upstream and downstream of the main curve having a radius (2R),
twice the main curve radius (R). See Section C-3.2.2,

C-3.2.1 Conditions Requiring Easement Curves

. When the freeboard, above superelevated water surface
(as calculated without an easement curve), is less than
one foot.

Hyd. Man.
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(=3 Curving Al ignments contlinued,

2. |In reverse curves or on alignments where curves follow
one another closely.

3. For any case wnere elimination of cross-wave disturbances
is required. (If easement curves are not used, additional
freepoard downs:ream of the curve may be necessary.)

L, In trapezoidal channels for all cases of superzrizical
velocity.

C=3.2.2 Lenath of Easement Curve [

LE

No sypereflevotior..:: -
Mo Svoereleverion

Sypcerelevaorion ..
vores from

O ro Aﬂczxd7njﬂ7-v"

Supereevotior
vores frorrm
Maximum 7o O

Maoxynurn

(1

For rectangular cnannels, the lengtn of sasement curve (Lg)
is given by the following equation:
&V
‘g = .32 7B
For trapezoical and associated cnannel iypes, the leng:tn of
casement curve (Lg) can Se-calculated as follcws:
/ =) e
Le = .332?-53-—'2?2=é4/v2:-
Terms are defined hereinabove.

C-3.2.3 Superelevation Allowance

When determining superelevated water surfaces for freeboard (See
Section C-4 for Freeboard) with easement curves, begin the surface
change at the downstream end of the downstream easement curve with no
superelevation, taper to maximum superelevation at the upstream end of
the easement curve, carry maximum superelevation to the end of the main
curve, and taper to no superelevation at the upstream end of the up-
stream curve. (See Figure in Section C-3.2.2)

Hyd. Man.
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C~3 Curving Alignments continued,

C-3.2.4 Right of Way

If easement curves are used, all circular curves for the center
line of the intended right of way should have upstream and down=-
stream tangent extension lengths of at least one-half of the
calculated required easement curve length. The District's
practice is to make the central circular curve of the channel
center line concentric with and midway inside of, the right of
way curves,

C-4 Freeboard

C-4.1

Freeboard is the additional wall height applied .to a calculated
water surface.

Rectangular Channels

i.

C-4.2

For average flow velocities of 35 f.p.s., or less, add
2.0 feet. For curved alignments, add 2.0 feet or 1.0 feet
above the superelevated water surface, whichever is greater.

For average flow velocities greater than 35 7.p.s., add
3.0 feet. For curved alignments, add 3.0 feet or 2.0 feet ‘
above the superelevated water surface, whichever is greater.

For supercritical flow where the depth is between D_ and
0.80 D_, the wall height shall be equal to the sequent
depth, but not less than the heights required under | and
2 above.

Trapezoidal Channels and Associated Types

For average flow velocities of 35 f.p.s., or less, add
2.5 feet. For curved alignments, add 2.5 feet or 1.0 feet
above the superelevated water surface, whichever is greater.

For average flow velocities greater than 35 f.p.s., add
3.5 feet. For curved alignments, add 3.5 feet or 2.0 feet
above the superelevated water surface, whichever is greater.

For supercritical flow where the specific energy is eaual

to or less than 1.05 of the specific energy at D , the wail
height shall be equal to the sequent depth, but fiot less than
the heights required under | and 2 above.

C-5 _Roll Waves

Roll waves, somerimes known as slug flow, are intermittent surges
on steep slopes that will occur when the Froude Number (F) is
greater tnan 2.0 and the channel invert sliope (So) is greater

Hyd. Man.
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C-5 Roll Waves continued.

than the quotient, twelve divided by the Reynolds Number. When
they do occur, it is important to know the maximum wave height at
all points along the channel so that appropriate wall heights may
be determined. Based on the experimental results of roll waves
by Richard R. Brock, the maximum wave height can be estimated.

For details, see '""Development of Roll Waves in Open Channels'',
Report No. KH-R-16, California Institute of Technology, July 1967.
Refer also to Charts C-30, C-31 and C-32,and to the example
problem on pages F-23 and F=24.

C-6 Other Criteria

C-6.1 Composite Linings

In locations where part of the channel cross section is unlined or
the linings are composed of different materials, a weighted
coefficient must be determined using the roughness factors for

the materials as given in Chart F-0O4. |If the lining materials

are represented by the subscripts 'a', "b" and 'c", and the wetted
perimeters by ''"P'', the weighted value of ''n" for the composite
section is given by the following equation:

2/3
. [j Fore®% + Pprp3? + ‘fi;’1c'snz' ]

C-6.2 Maximum Sidewall Slopes

The following sidewall slopes are generally the maximum values
used for channels., |f unusual conditions appear to warrant the
use of greater side slopes than those listed, the District's
Design Division should be consulted.

Lining Material Maximum Slope
Portland Cement Concrete Vertical
Gunite Vertical

Asphaltic Concrete:

less than 10' in height 1=-1/72:1
10' to 20' in height 1=3/74:1
20' to 40*' in height 2:1
Over 40' in height 2=1/2:1
Grouted Rock I=1/2:1
Loose Rock I=1/2:1

Hyd. Man o
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C-6 Other Criteria continued.

C-6.3 Unlined Channels

After full consideration has been given to the soil type, velocity
of flow, desired Iife of the channel, economics, availability of
materials, maintenance and any other pertinent factors, an unlined
and unrevetted earth channel may be approved for use.

Generally, its use is acceptable where erosion is not a factor and

where mean velocity does not exceed 3 f.p.,s. O0l!d and well-seasoned
channels will stand higher velocities than new ones; and with other
conditions the same, deeper channels will convey water at a higher

nonerodible velocity than shallower ones.

Maximum side slope shall be determined pursuant to an analysis of
soil reports. However, in general, slopes on fill should be 2:1
maximum. Slopes in cut should be 1-1/2:]1 maximum,

C-6. 4 Revetted Channels

a. Cross-Sectional Area of Flow

e

s<everment |

/O lll77 7777777777777

for the typical cross section shown above, only the area between
the two inside faces of the revetment shall be considered, for
design purposes, to be the cross-sectional area of flow.

b, Stabilizers for Channels wigh Revetment

Cross-channel members of stabilizer units are placed such that
the tops are at the level of the excavated channel bottom.

The distance (L) between stabilizers is determined from the

following formula:

L=4.5

S

where S = Slope of the channel before the first design flow.

Hyd. Man.
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Section D

CATCH BAS I'NS

D-1 Design Q

The District's Hydraulic Division will furnish the designer of
Jistrict projects with a drainage map (Scale: I'" = 2000')

and a channel design data sheet indicating main line design Q's and
peak design Q's for individual subareas tributary to the main line.
Subareas result from the initial breakdown by the District of the
total drainage area and are designated by numbered circles on the
drainage maps furnished by the District. Catch basin design Q's
shall be determined by the following procedure:

. Outline the drainage area map furnished by the District on
a map with a scale of not less than ' = 60C',

2., Outline the drainage area tributary to each proposed catch
basin, designating this area with the corresponding subarea
number and with a letter (2A, 2B, 2C, etc.). Drainage areas
shall be differentiated by color,

3. Calculate the tributary area in acres for each catch basin.
Discrepancies in drainage areca boundaries with those furnished
by the District should be discussed with the District's Desigrn
Division. If any problems remain, the conflicts should be
resolved with the District's Hydraulic Division,

L, Assuming satisfactory drainage area relationships, the catzh
basin design Q shall be calculated as follows:

@p
Rozs ™ 75 *
where A = Area in acres tributary to catch basin
At = Total ares in acres of the appropriate subsrea

= Pecak Q from appropriate subarea, in c.¥.s.
(Refer to the example problem on page F-29)

In cases where the main line design Q's are reduced because of
a restricted outlet, the catch basin design Q's shall be reduced
by the same percentage.

1f, during the design of a project, it is determined that the proposed
catch basin interception points will change the interception points
assumed in the main line hydrology, then the main line Q's should be
adjusted accordingly.
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D-2 Required Data and Calculations

D-2.1 Street Flow Carrying Capacity

Submitted data shall include compiete cross sections between property
lines of streets at the proposed catch basins and of any streets
which control the flow of water to the pertinent locations. Street
cross sections shall indicate the following:

1. Dimensions from the street center line to the top of curb
and property line.

2. Gutter slope at each catch basin.

3. Elevations for the top of curb, flow line, property line and
street crown at each catch basin center line.

4. Curb batter.

Please refer to.Charts Nos. D-01 to D-08, inclusive, for nomographs
giving street czpacities for some typical street sections.

D-2.2 Catch Basin Size and Type

Size and type of catch basin shall be determined by physical
requirements and by inlet flow capacities given in Charts

Nos. D-10 to D-26, inclusive. Criteria used, if other than
those recommended in this section, shall be cited and accompanied
by appropriate calculations.

D-2.3 Connector Pipe and ''V'' Depth Calculation

D-2.3.1 Single Catch Basins

0.5’ Frecboora—+ -

.G For peok £F/ow I v

Srorm Droin -
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5
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D-2.3.1 Single Catch Basins continued.

Given the available head (H), the required connector pipe size
can be determined from culvert equations, such as those given
in King & Brater, '"Handbook of Hydraulics', Section Four, fifth
edition. Chart No. D-30 can be used for a nomographic solution
of a culvert equation for culverts flowing full.

The minimum catch basin 'V' depth shall be determined as follows:

4
VeCEr05%12 357 Fors

where V = Depth of the catch basin, or 'V'' depth,
measured in feet from the invert of the
connector pipe to the top of the curb.

C.F. = Vertical dimension of the curb face at the
catch basin opening,in feet.

v = Average velocity of flow in the connector
pipe, in feet per second, assuming a full
pipe section.

d = Diameter of connector pipe, in feet,

S Slope of connector pipe.

The term 1.2 v2/2g includes an entrance loss of .2 of the
velocity head.

Assuming a curb face at the catch basin opening of 10 inches,
which is the value normally used by most agencies, and Cos S = 1,
the above equation may be simplified to the following:

v
V‘/jj*/..?'z_g' 4

Please refer to Chart No. D-31 for a graphical solution to the
above equation for curb faces of 10 inches.

Hyd. Man.
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D-2.3.2 Catch Basins In Series

L—a.f ‘Mrn. Freebooro

——

¢2:70€r=unbazn*oﬂ-1

FR R
f:a

Select a connector pipe size for each catch basin, and deter-
mine the related head loss (H), Hy) by means of a culvert

equation, or by Chart No. D-30. The sum of head losses in
the series shall not exceed the available head, i.e.,

Hy + Hp + . . . . + H, £ H.

The minimum catch basin ''V'' depths shall be determined in
the following manner:

1. The first catch basin ''V'' depth shall be calculated as
for a single catch basin:

> 4
t/,z/j.&*/z%*af,

Hyd. Man.
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D-2.3.2 Catch Basins in Series continued.

2. The second catch basin 'V'' depth shall be determined
as follows:

2
_ i 9 .
Yoz CE OS5 H *12 5 " 553, C

Assuming again that C.F.] = 0.83 and Cos S, = 1,

2
Vo=l 337 M, */2 % v s -G

3. The freeboard provided for the second catch basin
generally shall not be less than 0.5 feet and shall
be checked as follows:

2
> %1

FE,= Vs ~Cos 5 -/2 zg,‘C/‘-'z

|f C.F.p = 0.83 and Gos S, = 1,

A , VZ )
F By Vy-h=1255°083

Where especially ''tight' conditions prevail, the
0.5 feet freeboard requirement referred to above may
be omitted. In such cases the difference between
the gutter elevation and the hydraulic grade line
elevation of the main line will be accepted as the
available head.

L. Connector pipes between catch basins in series shall be
checked for adverse slope by the foliowing relationship:

B -05> V-G

The figure of 0.5 shown above is the standard 6=-inch
cross slope of the catch basin floors.

Hyd. Man.
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D-3 Other Criteria

D-3.1 General

a. Existing drainage systems which are not required to carry any
portion of the design Q of a proposed system may be designated
to be abandoned in place upon completion of the Proposed drain.
Such existing drainage systems shall not be sealed or removed
before completion of the proposed system,if needed :o carry off
storm water during the construction period. It shall be the
designer's responsibility to ascertain the necessity of
maintaining existing drainage systems in place.

Existing street or sidewalk culverts may be designated to have
the interfering portions removed and the inlets sealed, or

the culverts may be kept in operation and connected to the
storm drain or to the back of 3 proposed catch basin. |f the
culvert is to be connected, a structural detail shall be pro-
vided. Refer to the District's Structural Design Manual for
details.

Existing street or sidewalk culverts that do not interfere
with construction shall be maintained in piace.

If the existing culvert is located in, or is required to drain
@ Sump, the designer shal] make every effort to avoid removal

of the culvert, especially in instances where the capacity of

the proposed drain is less than that required for the correct

design frequency, as set forth in Section A-1, page A-1.

b. Catch basins shall be located within street rights of way uniess
otherwise approved by the District.

\
|
l
|
|
Hyd. Man.




pD-3.1 General continued.

D-3.2

If, due to a lack of funds, 2 project is to have

Page D-7

one or more cutoff points, each one corresponding to a different
proposal, each cutoff point shall have a battery of catch basins
at the upstream terminus sufficient to collect the flow carrying
capacity of the street. Each battery of catch basins shall be

designed with sufficient data reqarding types and sizes

of catch basins, connector pipe sizes and D-loads, ''V' depths,

local depressions, and whatever other information may be
necessary to construct the system.

Catch Basins

Grating-type catch basins are used on steep sloped streets
{generaily greater than 4%) where due to the high velocity
of the street flow it is difficult to direct the water into
a curb opening basin. Grating basins should generally not

be used in sump conditions because of the possibility of
debris clogging the grates.

The Catch Basin No. 7 is generally used with curb and gutter.

The Catch Basin No. U4 is used less often and then only at

curb openings for driveways, or where the distance between
the street property line and the curb is so limited that a
Catch Basin No. 7 cannot be constructed. The Catch Basins

Nos. 5 and SA are used in alleys,in streets with inverted
crowns, and in similar situations.

The Catch Basin No. 6, a grating-type with upstream curb
opening is used on steep sloped streets where debris may

clog the gratings.

Hyd. Man.
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D-3.2 Catch Basins continued.

b. Curb opening basins generally should be used where street
slopes are less than 5 percent or where sump conditions
exist.

Charts D~10A to D=10D and D-26 are to be used for curb
opening catch basins.

The Catch Basin No. 8 can be used at driveways regardless
of street slope, but is more effective on steep slopes
than other catch basins. Charts Nos. D-20 to D-22,
inclusive, are to be used for the Catch Basin No. 8.

A Catch Basin No. 8 should be avoided if the driveway is
used by heavy truck traffic as past experience indicates
damage to the top slab can occur.

The capacity of a Catch Basin No. 6 is calculated by
adding 85 percent of the grating capacity to the capacity
of the side opening for the appropriate drop in the local
depression, with a reduced depth of flow at the grate.

c. The construction of catch basins over 28 feet in length
should be avoided. In lieu thereof, two shorter equivalent
length basins should be designated.

d. The number of catch basins to be connected in series should
not exceed two. |f the connection of more than two catch
basins in series is unavoidable, consideration should be
given to designing a lateral drain.

e. The inside front-to-back dimension 'b' which applies to
catch basins, as shown on the District's standard drawings,
may be reduced to avoid conflicts with structures or utilities.
The reduction in the dimension ''b' that will be necessary
shall be determined by the designer, but in no case shall
the dimension 'b' be less than 30 inches. |f reduction of
the dimension ''p'* to the minimum specified herein is not
sufficient to avoid the conflict, refer to Standard Drawing
No. 2-D 461 for other possible solutions.

Hyd. Man.
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The Local Depression No. 2 usually has a drop of 4 inches
and produces a curb face at the catch basin opening egual
to the existing curb face plus 4 inches, unless otherwise
shown on the general plan. The Local Depression No. 2 may
be used if approval has been obtained by the jurisdictional
agency for residential streets and other streets with light
vehicular traffic and is applicable to side opening Catch
Basins Nos. 1, 2 and 3, only.

The Local Depression No. 3 has a drop of either 2 inches

or 4 inches and can be used with Catch Basins No. 4, No. 7,
and No. 6. The Local Depression No. 3 with a drop of four
inches shall be used only with approval by the jurisdictional
agency and on streets with light vehicular traffic.

The Local Depression No. 4 has a drop of either | inch or
2 inches and can be used with Catch Basins Nos. 1, 2, 3, 6,
7 and No. 8, Case B. The Local Depression No. 4 shall be
used on major streets carrying arterial traffic, on any
other heavily traveled street, and in any situation where
vehicles may be traveling in traffic lanes adjacen: to
curbs at relatively high speeds.

If, at any time during design, a local depression is changed,
the length of opening of the corresponding catch basin shall
be checked for size and changed, if necessary. At no time
shall the local depressions be changed from a No. 2 to a No. &
in the final design stages of a project by means of a General
Note, unless all catch basins are reviewed.

Other local depressions are detailed on the appropriate
standard drawing for the Catch Basin No. 8, Cases A and B.
Case A specifies a 12-inch curb face throughout length 'Ww"
of the curb opening. Case B specifies a corresponding
9-inch curb face. A Local Depression No. 4 may be specified

Local depressions are not used with Catch Basins Nos. 5 and
SA. The grates for these basins are installed in the plane
of the existing street surface or may be depressed in
situations where water may bypass the tasin.

The minimum diameter of connector pipe shall be 18 inches.

D-3.3 Local Depressiors

als

b.

c.

d.

with Case B.

0-3.4 Connector Pipe

a.

Hyd.

Man.
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D-3.4 Connector Pipe continued.

b. The horizontal alignment of connector pipes shall contain no
angle points or bends, unless approved by the District.

c. Connector pipes outletting into a pipe from both sides of a
street should be offset 8 feet or more at the main line.
Exceptions to this criterion shall be approved by the District.

d. The minimum length of connector pipe to be installed between
catch basins in series shall be 12 feet, unless prevented by
field conditions.

e. Catch basin connector pipes shall outlet at the downstream end
of the catch basins, unless prevented by field conditions. .
Downstream, in this paragraph, refers to the direction of the
gutter slope at the catch basin in question.

f. Where feasible, connector pipes should be located so as to
avoid, as much as possible, cutting into existing cross
gutters and spandrels.

g. Wherever possible, the minimum connector pipe slope shall be
.01 (1 percent).

D-3.£ Inlet No. |

Hyd.

The Inlet No. | can be used to collect water flowing in ditches,
at the base of embankments, at locations where water cannot

be collected in a feasible manner by catch basins, or where the
construction of a catch basin would be of such a temporary nature
as to be uneconomical.

The Inlet No. | shall not be used in watercourses subject to debris
flows. In such cases, a concrete structure with a protection
barrier or trashrack shall be used.

The Inlet No. | is detailed on the District's Standard Drawing
No. 2-D265, and the three cases shown are to be used as follows:

a. Case | should be specified when the reinforced concrete pipe
to be installed can serve as the connector pipe for a future
catch basin without being removed and reinstalled. The use of
Case | must have the approval of the District's Design Division,
due to the freguent maintenance necessary.

b. Case 2 should be used wherever possible, and is preferred by
the District.

c. Case 3 is to be used wherever an Inlet No. | is to be installed
directly over the top of a pipe or box conduit.

Man.
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Notes and Assumptions

Applicable to Catch Basin Charts

Charts D-10, A,B,C and D

The design curves have been derived from the City of Los Angeles Bureau
of Engineering Hydraulic Research Laboratory catch basin inlet capacity
nydraulic model study of 1977.

Charts D-13, D-14 and D-i5

These charts indicate grating capacities of standard City of Los Angeles
gratings (Standard Plan No. B-2523) developed from hydraulic model studies
for various values of ''D'' on the indicated siope and are applicable only
to conditions shown on the corresponding charts. For complete information
see: Office Standard No. 108, Bureau of Engineering, Storm Drain Design
Division, City of Los Angeles.

Hydraulic model tests indicate that the use of 3/b-inch spacers (Standard
Drawing No. 2-D 227) instead of l-inch spacers on grating catch basins

will reduce the interception capacity by as much as five percent when

the grates are clean and compietely covered with water. To account for

this factor and the possibility of debris clogging the grates, the reduction
in the interception capacity of grating basins shall be 15 percent.

Chart D-14

The dotted irregularity on Chart D-14 resuits from the hydraulic interference
of the H-Beam supporting the adjoining gratings.

Charts D-20, D-21 and D-22

These charts indicate capacities deveioped from experimental hydraulic
mode] studies, and may be used in determining the required length ('"W')
and/or the capacity (''Q") of catch basins of this type under various
values of '"D'" and '"W' and are applicable only to conditions shown on the
corresponding charts. Office Standard Mo. 108, Bureau of Engineering.

Storm Drain Design Division, City of Los Angeles.

Hyd. Man.
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Notes and Assumptions continued.

Charts D-13 to D-26, inclusive

These charts are not applicable to depths of flow in the gutter below
0.4 feet, nor to local depression drops greater than one inch. The
District should be consulted for criteria to be used in determining
catch basin sizes under these conditions.

Hyd. Man.
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Section E

PUMP STATION DES I GN

The hydraulic design and operation of pump stations exclusive of discharge
lines shall conform to criteria set forth in the District's Pump Station
Design Manual.

Discharge lines shall be designed in accordance with criteria set forth
in this manual, specifically Section B, 'Criteria for Hydraulic Design:
Closed Conduits''.

The District's Hydraulic Division will furnish or confirm the inflow
hydrographs to be used in designing pump stations and retention basins.
Outside agencies should use District methods and standards in preparing
inflow hydrographs.

Hyd. Man.
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Section F

M1 SCELLANEOUS

F-1 Hydraulic Jump

F-1.1 Location

|f the water surface from a downstream control is computed unti!
critical depth is reached, and similarly the water surface from

an upstream control is computed until critical depth is reached,

a hydraulic jump will occur between these controls and the top of
the jump will be located at the point where pressure plus momentum,
calculated for upper and lower stages, are equal.

F-1.2 Length

The length of a jump is defined as the distance between the point
where roller turbulence begins and water becomes white and foamy

due to air entrainment, and the point downstream where no returr flow
is observable.

a. For rectangular channels, the length of jump (L) for the

range of Froude Numbers between two and twenty, based on
flow depth, is given by the following equation:

L=69 (D-0,)

where D; and Dz are the sequent depths.

5. For trapezoidal channels, the length of jump (L) is given
by the following equation:

L=5D; (774 /-""—7;—’")

where t, = Width of water before jump
ty = Width of water arfter jump.

Side Slope L/(02-0¢)
2:1 ' b4.2
1:1 33.5

17221 22.9

Vertical 6.9
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F-2 Trashrack Head Loss

The head loss through a stationary trashrack can te determined from the
following equation: ‘

v
A’ﬂQ = AKre 'Ei;

- 4o _ [42)*
Kra =1 45-04552-(32)

where Kyp = Trashrack coefficient
A, = Net area through bars, in fr.2
Ag Gross area of trashrack and supports (water area
without trashrack in place), in ftr.2
V, = Average velocity through the rack openings
(Q/A,), in f.p.s.

For maximum head loss, assume that the rack is 50% clogged, thereby reducing
the value of A, by 50%.

F=-3 Side Channel Weirs

The Los Angeles District Corps of Engineers, as mentioned in Section C-2.5,
has developed a side channel spillway inlet and may require this type

of structure for drains outletting into their facilities. Their

procedure for designing a side channel spillway is as follows:

1. Set the top of that part of the main channel wall at the location
of the proposed spillway about 6 inches above the computed water
surface level in the main channel.

2. Determine the length of spillway (L) required to discharge the
design inflow of the side inlet by the following equation, in
wnich the maximum value of H is not greater than one and one-half

feet.

-

CHI2
where Q = Discharge of side inlez, in c.f.s.

C = Weir coeffizient

H = J2pth of water over the crest of the side inlet.
in feect.

HYyd. Man.
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F-3 Side Channel Weirs continued.

3. Determine the depth of flow in the approach sice channei at the
upscream end of the spillway.

L., Set the side channel invert elevation at the upstream end of the
spillway at an elevation below the spillway crest a distance
ecual to the water depth as determined in 3., above, minus the
assumed head on the spiliway.

5. 3Set the side channel invert slope equai to the spillway and the
main channel water-surface slopes.

6. By trial, determine the width of the side channel required to
maintain a constant depth of flow at several points downstream
from the upstream end of the spillway. The discharge at each of
these points is assumed to be the difference between the initial
discharge less the amount spilled over that part of the spillway
as computed by CLH 372, in which C is 3.087 and H is equal to the
critical depth over the crest (neglecting the velocity of approach).

7. Plot the widths thus determined for the side channel on the channel
plan and approximate a straight or curved line through them to
locate the point of intersection of this !ine and the main channel
wall.

8. If the length between the asssumed point at the upstream end of the
spillway and this intersection poirt is equal to the length
determined in 2., above, the angle a: the intersection indicates
the required convergence for the side channel.

9. From the final layout determine the width and racompute the water
surface in the side channel for the final design. The discharge
over each portion of the spillway is calculated by using the
average head between the two sections considered.

Refer to pages F-25 to F-27, inclusive, for an example problem involving
the design of a side channel spillway, and to page F-28 for a typica!
plan.

F-4 Pier Extensions

Pier extensions of a streamlined nature, as mentioned in Section C-2.7.1,
should be used when heavy debris flow is anticipated.

Hyd. Man.
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F-4

In supercritical flow the addition of a specified width to account for

Pier Extensions continued.

the assumed amount of debris may result in impractical and costly

structures.

the use of streamline pier extensions should be investigated.
an unusual quantity of debris is anticipated, it can be assumed that
the major portion of the debris will not cling to the pier extension.

Pier extensions shou!d be designed using the criteria indicated in

figure below.

In lieu of assuming additional pier width for debris,

Unless

the
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The City of Los Angeles

Thompson Egquation

The Thompson Equation for junctions is described by the following:

: |
& @, Vs, A G2, Vz.A2 4

@y, Vs, Ay

GO Vo -2, V, ~@s Vs Cos &
d)""’ary.‘ e - /9 RER

Difference in hydraulic gradient for the two end
sections, in feect.

where 4 y

Aavg = Average area, in feetZ = 1/6 (A} + bAL + Ay) or,
for practical use, 1/2 (A} + Ap)
Am = Mean area of flow, in feetl,

The above equation is applicable only to prismoidal and circular conduits
or channels. The friction force may be considered negiigible or can be
calcuiated and taken into account.

For details of the above method, refer to Office Standard No. 115,
Hydraulic Analysis of Junctions, 1968 edition, Storm Drain Design
Division, Bureau of Engineering, City of Los Angeles.




EXPRAULIC ARALISIS OF JUNCIIORS
Pege F-6

In the following compilationms:

*ys, the unit veight of water, has been omitted since it appears
in all terms.

(2) The assumptions are made that the cosines of the invert slopes
equal unity and that the tangents and sines of the frictionm
alopes are equal.

Ihe genaral equilibrium equation for all cases is:
Pp+My=P +M +M300808 + P +PF =P

Where P;= hydrostatic pressure on section 1

= hydrostatic pressure on section 2

o
N
I

= horizontal component of hydrostatic pressure on invert

o
[
|

P = axial component of hydrostatic pressure on walls

= retardation force of friction
(S, and S; are friction slopes- see Kings Hdbk.)

M) = momentum of moving mass of water entering
junction gt section 1l

._;U
|

Hz = momentur of moving mass of water leaving
junction gt section 2

M3ces &§ = axial component of momentum of the moving
mass of wvater entering the junction at section 3

CASE Q CHANNEL

2
E CTBTF Y N
M = Q2 a-———rw"_—‘ s S— -~
{62+ 3202, O 4 .
b2

+ b,
Hyd. Man. w}&z |




M; cos @ = .(_QZ_'_&E_(eoaG) vhere A, = water area at section 3

45
R Page F-7
B = 2%.__.(3"’1*’2"191)
P, = 232_2_, (3by + 225 Dp)
= +b2 h (Dz‘al(m+2bz)
A A e e B
P, = Nl R [:_bl:_bi. (Dl - Dz) + &' (37 Dy + 25 D)*(b2 + zz D2)p; -
i 2
(by+ zDy) DJJ
p, = Ll s2) [(b1+ 2) D) Dy + (bp + 2,D5) 32]
&
a2 R
M = Q1 m a6 = D:
1 LT 1 h D2 L :\j‘; -
w = 2 L i -Lr—-bz--’_
T "

P = szz‘?'

& 2

?, =(0L * b ;-.[D+_(_D;D1)(bl*2b1)]
: ( p _2') 2 3 (5+ b))

?" - 7422 (hz_ bl) [51* (DZ— Dl) (Dl* ZDL)
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2
P —c Cl13 dll —¢ |
1 =™ ——‘—47 &
C,r ds’ | \d} E
== %dc

Py =
P. = o .2

« * - i h‘ (,1_2 + 4y )+ (h" :z— T.)
Py = L(ﬂl:' .2) (Al + 3 2)

For tabulated values of C ana K, see Chart MNo. F=-03

See King ''Hdbk of Hyd', for Al . Yy and T

" I - (h‘)z
WHERE h'= h+0~ Dy, THE TERM (T2=T) s

USUALLY NEGLIGIBLE.
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transiticn coznecting a rectangular channel 15 feet vide, design
1 l:ge‘:t; of 1600 c.f.s. and pormal depth of 5.0 feet, vith a rectangular
channel 16.5 feet wide, design capacity of 2500 c.f.s. and normal depth of
6.5 fest. The submerged cutfall of a 9'3" vide 4'6" deep box is located
in the transitionm. The angle of confluence is .
Page F-10
O) 2
A
Q b, Q2
—.-‘pl )e/ / -
Side Infet-x. ——j——
/
PROFILE PLAN
Given:_
Q,=160Q0 cfs Q, =2500 cfs Q4= 900cfs
b, =15.0 ft b,=16.5 ft Ay = 416 sq.ft
D, =5.0 ft D, =6.5ft vy =216 fps
A, =75.0 sq. ft Az = |07.3sq.ft e =30°
v, =21.3fps vz =23.3fps h =7
L =7
Determination of Length
L =s|£ne or bz'-zb') .. Which ever is greater.
= 90'.255 =18.5!.... Use 22'
2 2
Q. 1600 "
Ean | M= 55— = (15)(50)(32.2) - 08°
2 2
_Q 2500 _
Eqn 2 M= 5 *(leses@22)  °©
2 2
Eq'n 3 M, cos & = As 9 cos 6=(4|.6)(32.2) .866 =523
2 2
D ;
Eqn4 P, = b'z 1. “5'0;(5'0)3188
baD3  (16.5)(6.5)°
EQn 5 Pp: 2= —o349
2 2
,  bitbe Dz-D)(bi*+2b2) |
Eqn ) P] = 2 D| + 3(b|+b2) —‘!(h)
15 0+16.5 | _( §.5-50_)(15.0+2(16.5) l .
e 50-( 3 ) (——-,5'04_,6.5) (h)=90.75h
Hyd. Han. — —




Egn 7

€q'n 8

Eqn 9

Exsmpls Problem 1, contimmed.

Page F-l1i

p D00 I:DI+(02-3?.)(3.+20.)

w 4
(5.0+6.5)16.5-15.0) 6.5-5.0 5.0+2(6.5) _
(s0tesles1sg) [,,(8530) (3022088 1.

p. . Lisi*+sp)(bD+bDp)  22(014N(1822) ,
f.= 4 = 4 =14.]

(pe 1s usuaLLr wesLECTED)
P, + My= P, +M,+Mjcos © +P+ P~ P

349+1810=188 +1010+523+90.75h+25-14

h =4.16"' drop invert through transition




Page F-12
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_ Backwater_~
]
Oy = ~—p e
_—M | N T
Dz DC QL»- T
&)-— @ gy —
PROFILE
— )
Q Q
—'-» b| . Te/t bz 2
AV
84'RCPJ>/7'/6
PLAN
Given:
Q, = 1400 cfs Q,= 2000 cfs Q4= 600 cfs
b, = 15.0 f1 b,=16.5 ft dy= 84" RCP=7.0ft
Dn= 6.6ft D,= 9.5ft A= 38.5 sq ft
h = 2.5ft A,= 156.8sqft vg*15.6 fps
D,=7? v,= 128fps © =45°

At section | 3 s
(1400) T '
= = 71 =647
Oc =\ \isokzz.2) ~ V27 ¢

At section2 3 (2000)2 3
= = \/456 =7.70'
Oc \ﬁe.s?(sz.m

Since Dp)De for both sections, the flow is sub-critical. Therefore
calculote upstream from section 2.

(1400)(1400) = 4058
(32.2)(15D,) D,

&
2000
(16.5)(9.5)(32.2) Les

Eqn | M=

Eqn 2 M,=

Hyd, Man.




Pumpls Preblen 2, contimmed. Page F-13

2
Eqh 3 Mycos © = 35 atessy (707 =206

2
Equn 4 p' =m2|.=750'2

2
can s 7, - U82T g,
Eqnh 6 P =“5'gﬂ (2.5) DF (9‘53' E )('s,'f_;ﬁg;'s' )) =190+19.38D,
Eqn 7 R, = 4{DF95)(16.5-150) D+HELL) (9[%) =0.25008+2.57D,+23
Eq'n 8 Pf is neglected in this exmple.
. Eq'n 9 Pt Mf PtMit Mgcos © + B+ B- P
745+ 795=7.50,+ ‘&Dsla— +206 +190+19.38D,+.2500,+2.37D,+ 23-0
7.7500;+ 2222 +21.750, = 1121

By trial and error

D, =7.5, 436+541+163 =!140

D, =7.2 , 402+564+I154 =120

Therefore the depth at section | will be 7.2
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3. REVIEW OF TRANSITION IN CIRCULAR CONDUIT FLOWING
PARTIALLY FULL, PIPE INLET. (See Summary, Pg.4)

da Q2

Bl

__‘_d'

l

%

©

a ||
|

Given:
d, = 66" Q,=200c¢ts S,=.004 h =0.5' D,* !
d,=72" Q,=250¢fs 5,=.0036 D,=4.83
dy=30" Qg=50cts e =30° L =10'

At Section 2:D¢ =4.33 Dn=483, At Section |: Dc=3.96 Dn=4.25

Since Dp>De for both sections, flow s sub-critical. Therefore
calculate upstream from Section 2.

B +My =P, +M, + My cos © +P; +Py-Pg¢
2
)

: Ki(Q,
Eq'n | M= —/3
"ow,)

2
Eq'n 2 M¢=K(£" =79.6
)2

(Q2—Q,
25.2 (dg)?

=1322K,

Eq'n 3 Mycos 6= cos © =13.8

Eq'n 4 P, =C, d =166.5C,

Hyd. Man.




Example Problem 33,c<:ntinued
Eq'n 5 P, =C,d;=53.5

Eq'n 6 PI =0

_ _ h! (h')z
Eq'n 7 PW =A2Y2-A' Yl + - (Az+A|)+W (Tz —T| )

Page F-15

1.2
Term -(Ih—z)-(Tz-T,)....insignificum and may be neglected.
Eqn8 Py =L (4 4,
P, +M,~Mgcos 8=119.3
By Trial and Error........
D] D,/d| Ml Pl P' (-Pf) 2
4.5 82 $9.5 43.0 4.8 -0.8 1ie.5
473 | 86 | 572 | 477 | 152 | -0.8 | u9.3 |___Check
Therefore D, will be 4.73'

Hyd. Man,
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Given:

i IIQISDI’

Example Problem

Determination of Water Surface Profile

invert slopes, and conduit sizes for the various reaches as

on page F-19,and a downstream water surface control of 66.55 feet.

Solution:

Calculate the critical and normal depths for each reach in order to
- is greater
If Do is less than 0n,

determine the correct direction of profile calculation.

than D,, calculations should proceed downstream.

calculations should proceed upstream.

If 0

indicated

The results are tabulated as follows:

% Y o) /ﬁb : : .
| @ | Oc=(0%8% )7 |K=_n& 7 Dn\Contr Direction
Reochk|Sec#/on s Z P g 5% 5% faé/e ,7-IA 7| 570, | oF Cole.
Aing’s
== =
/. 3!-0;»-10'-:'” 5221. 530 04398 | 075 |6&7510200|Ups7r.
2 . " ' 020/ 038 |342|\4#9¢| Owns7r:
3 " L i 0.4659 0.7/ 638 + |Uos?r
4 v leos| 522 0459 | 070 630|574 | Upstr
S e’-sw:n-'a'y Y S5.32 0775 | 107 |936|//+34| Ups7Fr

Tne standard step method is used for determining open channel water surface
profiles, and it is calculated by assuming a flow depth at the station

where the flow depth is to be determined.
station is calculated by two independent

1. Add the assumed velocity head to the

assumed

flow depth.

The energy gradient at this
procedures as follows:

2. Calculate the friction nead loss based on the average friction slope

between the stations under consideration.

station where the flow depth is known should be increased or
decreased by this head loss depending on the direction of profile

calcu

Hyd. Man.

lation.

The energy gradient at the
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Example Problem Water Surface Profile continued.

The assumed flow depth is acceptable if a comparison of the energy
gradients as computed above indicates a difference of 0.1 feet or less.

In Reach 3, Dn is greater than D_, and therefore the profi!? calculation
should proceed upstream from the control point at Station & + 96.
(See page F-19.)

At Station 5 + 46 inflow occurs and a junc:iion analysis must be performed

in" order to determine the control for Reach 4. This depth is calculated
as follows (refer to page F-7, Case 2):

Py * My =B * A, * MyCos 8

0022 > 022 = bo/:# 0/2 0}2 Cos &
2 5029 2 ba/y 439

(9)(58)* , __re22)’ _ 3507, (609)° _ (13)’(707)
2 (9)(56)(322) 2 (S)(322)0, (628)(322)

/5/ 4+ 2302=450° +/2788"* 0.6
o

4507-38/00, #/,2788=0

By trial and error, D; = 6.2 feet.

Tabled values of D and D_ indicate that the profile calculazion should
proceed upstream in Reacheés 4 and 5. (See page F-2! for ccmputations.)
Since flow in the conduit becomes sealed somewhere in :the curve in
Reach 5, pressure flow is assumed for the length of the curve and the
remainder of the reach,in lieu of a superelevated coen channel water
surface.
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Example Problem Water Surface Profile continued.

In Reach 2, D_ is less than D_, and therefore the profile calculation
should proceeg downstream from the control point at Station 4 + 96.
When critical depth is reached at Station 0 + 87, calculations are
initiated at the next downstream control point which is the outlet.

in Reach 1, D_ is greater than D_, and therefore the profile
calculation snould proceed upstream until critical depth is reached

at Station 3 + 23. Between Stations 0 + 87 and 3 + 23, there are

two alternate stages of flow and the necessary conditions to produce a
hydraulic jump. The exact location of the jump is usually not required
but can be determined by equating pressure plus momentum for upper and
lower stages as indicated in the following diagram:

4201 4
Sre. 2712 _ y

470+ 7o0p of jump e 9
S 400t
Q

7904

380

/400 2400 3+00 4400 5400
STAT/ON

The location of the hydraulic jump also can be determined from a plot of
sequent depths, Curve CB, superimposed upon the lower stage, AB, and the
upper stage, DE, water surface profiles. The length of jump (Lj) as
determined from Section F-1.2, is laid parallel to tne channel invert to
intersect the plot at £ and the profile at G, locating the toe and the
top of the jump, respectively. (See the diagram oelow.)

ol
T £ s
F S 3 7
A
L A
——m = = £ gn\

Hyd. Man.
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Station | Invert WS, . EG |wp | R |R43 sy E G.
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Example Problem

Design of Straight Contraction

Design a straight contraction connecting two rectangular channels 12 feet
and 6 feet wide, respectively. The discharge through the contraction is
200 cfs and the depth of the approacnh flow is 0.70 feet. Refer to

Chart C-20.

Ay =12 x 0.70 = 8.4 feet?

V) = QA = 200/8.4 = 23.8 f.p.s.

LY {;ET = 23.8/ ¥32.2 x 0.7 = 5.01

Arbitrarily selecting a depth ratio d3/d! = 2, the continuity equation will

give F3 = 3.54, This value should be considerably greater than 1.0.

Estimating & = 15°, and given F; = 5.01, Chart C-20 indicates that

F, = 2.8 and dy/d) = 2.6.

38y analogy, where F]: FZ as F2: F3 and dZ/dI: d3/d2, Chart C-20 indicates

that for the same 8 and F232u8, F3-1.77 and d3/d2.|,8,

However, d3/d‘ = (dz/dl) (d3/d2) = 2.6 x 1.8 = 4,68, which does not agree

with the assumed value of 2.

After several trials, 8 = 5°. For this angle and Fi = 5.01, the diagram

gives dy/d;= 1.35 and d3/d2 = 1,50.

d3/d] = 1.35 x 1.50 = 2.03

d, = 2.03 x 0.70 = 1.42 ft.

3

e BT
L = Jtan® = 2tanb° = 34.3 ft.

Ryd. Man.
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Example Proolem

Maximum Deoth for Channel With 8reak in Slicoe

The problem is to determine the maximum cepth of water in a3 channel cue
to a break in slope. Refer to Charts C-30, C-3i and C-32.-

Given:

Upstream reach: L=2400 fr., So=0.10, F=5.5, G.=1.0 ft.

n

OJcwnstream reach: L=3350 fc., S°=.0392, F=3.5, 0 =i.17

-
..

Maximum ; + +2.58 On
max)max = Maximum value of ho . = R i 2.58 6 -

(h

Method !
At the downstream e2nd of t-e S:J = .10 r2acnh:
L/Dn = 2400, hmax/an = 1.6, 8 = 1.8 fe.

max

G,me/on = .18, (hmax)max = | .5+2.58(0.18)=2.06 fz.

At the upstream end of the S = .2392 reach:
Fmax/On=1.671.37=1.17, wrich corresponds to L/ =250
O max /0a=-18/1.37=.13, whica carresponds 0 </0_ =36CC

At tne downstream a2ncd of the S°=.0392 reacn:

for Mmax: L/D,=2500+2440=b940, E;ax/on-i.sa,

hmax=1.58x1.37-2.lo fz.

for Ghpa,: L/ _=3600+24L40=8040, A . /9 =.23,

SNmax=-20(1.37)=0.27 *z.

(h 2.87 Fz.

) =
max’ max
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Example Probiem Maximum Depth continued.

Method 2
2400 3350
Average S, = 5750 x .1G + 5750 x .0392 = .0645

" Equivalent D, = (0.10/.0645)1/3 x 1.2 = 1.16 fc.
Equivalent F = (.0645/.10)'/2 x 5.6 = 4.5
Therefore, use curves for S, = .08429

L/0, = 5750/1.16 = 4953, R__ /0 = 2.06,

max
F;ax = |.16 x 2.06 = 2.39 f‘°'°hmax/°n - .27,
Thpax = 1-16 x .27 = .31 fz.
(Roex)max = 3:20 ft.

Mernod 3
L = §750 ft., F = 5.6, o, = 1.0 fe.

/0, = 5750,

max/on = 2.55, Aoy ™ 2:55 ft.

T hpax/0, = 36, () = 3.48 fc.

L= 5750 ft., F=3.5, 0 =1.37 ‘.
L/0., = 5750/1.37 = 4200, E;ax/on - .48,

= 2.0 - = 33 =
Mos 2.03 fz., CGh, /9, 155, Cho o = .21,

1 T 2.58 fe.

Weighted averages:

_ 2400 3350
Prax = 3750 x 2.55 » 5750 x 2.03 = 2.24 ft.
4 &

(h 25400 3339

nax'max ™ 3750 x 3.48 - 5750 x 2.58 = 2.95 fc.

Hvd. Man.
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Example Problem

Side Channel Spillway Inlet

Side Channel (Given Data)

Q=700 c.f.s. Rect. Chan. b = 10! Slope = .0900 d = 3.]12

Main Channel (Given Cata)

Sf = 01656
Spillway Length
L = %/2 cH3/2 = (3.087)(1.5)3/2 = 5.7 Use 5 c.f.s./ft.
L= 702 Z-:.:./ft = 140" Try L = 150' to assure discharge of total Q

Spillway Wall Height

depth of flow, d = 3.12"
Max. head on spiliway, H = 1.50"

Wall ht. = 3.12' - 1.50" = |.62"'

Determination of Spillway Channel Widths

Using the spillway length determined above, the overflow spillway is

laid out (see page F-26) using widths determined by trial. Upon completing
the layout, the spillway widths at 20-foot intervais are taken from the
drawing and the cutflow is checked.

See computation on page F-27.

(Note all trials necessary to obtain the desired widths are not shown on
the sample probiem.)

Hyd. Man.
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SIDE. CHANNEL SPILLWAY INLET CALCULATION SHEET

Page F-27

2

d = DEPTH OF FLOW IN SIDE CHANNEL

BE = AL(S,- S¢)

Q: 700 n=.0l4 S,® INVERT SLOPE s,;(__oL"__.) PROJECT __ SAMPLE PROBLEM
— - L4 ARES .G =de¥ e * HEAD ON WEIR CALCULATED BY 6Y7 DATE 6-/-73
STATION SECTION d A % €.6. | wp | r#s S s, Se- St aL | ae c:scx Hy FLOW OUT | DESIRED 0, ACTUAL
-G. Q,=CaLHY? Q. Q
0900
1+ 50 b:r0 302 31.2 780 | 10.92 |16.24 01880 10.92 —_ — 700 L
1+ 50 b:r0" rar| 312 3.2 7 80 10.92 19.74| 1 65 01644 B i 10.92 1.50 — roo . == roo
oi707 ‘—o;s: i 0005/ 2o | -.or 1.50 e
1+ 30 I bres’ 162|372 26.85 r.re 10.90 3 J-; /.59 orzr 10.97 600 *ie 586
T .01401 i .01636 00255 20 ~-.05 1.43 106
1410 |6:7.14" rer| 305 2180 | 780 | 10.85 |10 | 2.50 .01032 10.85 486 +6 s80
0169/ 01656 .00035 20 |-.0r 1.30 92
o+ 90 rar| 2.92 16.85 | 7.93 10.85 |10.92 | 139 02350 10.84 380 -8 388
02530 01656 00874 20 |-.8 .28 0
o+ 70 |t:ees”  rex| 290 1290 | 775 10.65 g7 | 1. 28 02710 10.66 288 =10 298
T .03045 01656 01388 20 |-.38 127 a9
o+ 50 llr:‘l-’ rer')| 2.89 .06 7.46 10.35 765|112 .0338 10.38 /198 = 209
— 01940 r2r | 22
o+ 00 END OF WEIR [ 0:(3.0871(50)1.27P7 % - - oo | m e - o — o
~ B I
'
Q,: FLOW OUT OF SIDE CHANNEL Q,7 [IFFERENCE BETWEEN ACTUAL AND DESIRED FLOW IN SIDE CHANNEL
Q,: DESIRED FLOW IN SIDE CHANNEL Q. £CTUAL FLOW IN SIDE CHANNEL
a-1-73 c-02
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Va4 4 Ve P77 D
2B No <cale
LEGEND
—idim. Major Dranage Area Boundaru
—...= Mainline Sub-Orawrage Area
Boundaries
MAINLINE HYDROLOSY DATA ee e Calch Sasin Sub-Orsincge Area
Reach | Aren (Acres) Q (cfs) ries
Snb?rhen Sub-rea| Total [Sub-Analdy) Recch e F‘lo.\v. ath
@ 45 10 -— - Manline
WO Oyt\et
O-@ a5 10 | e Caich Basins
6 10 o5 Mainline Sub-Drainage Area
OX©), ' e L a Ca!:ul:‘&' Sub-Drai
® 50 ) krad tombere .
(3Outlet S 220
oo Provicded by L.AC EC.D Huydraulic D
CATCH BASIN _ HyYoroLosY *
For Mamnline SubDramage Area No. 7 p
Ar =70 Acres  Qp=l0Dcfs. QpfAr =ten®
CB.0 4 (acre) |Qe/AT [ Qoes
Dran A A )lkf.s./kc (cf.s) Qoes = 9—'- A
[A] 40 15 H & Aq Los Angeles County
| 8 =3 15 |4 15 Flood Control District
:& = LS 4 225 | EXAMPLE CATCH BASIN
1=) 5 W 5 HYDROLOGY PROBLEM
* See D-|




Page r=-29

LEVEE CRITERIA

The following criteria is for the design of 'evee linings placed in or

ad jacent to natural watercourses that are to be approved or maintained

by the District. The designer is given the choice of a number of materials
to provide flexible or rigid linings. It is up to the designer to
determine the most appropriate and economical material for his particular

locatien.

Flow Velocities

The anticipated maximum flow velocity restricts the type of material
that can be used and cdetermines the structural requirements of the
lining. The designer is required to submit engineering calculations
which show the maximum expected flow velocity attacking or flowing
adjacent to the levee. This velocity is used to determine the
cutof f depth, levee thickness, and rock size.

The following criteria permits the design of a levee lining cf
certain materials up to a flow velocity of 20 fps. If conditions
exist where the velocity would exceed 20 fps, measures will have to
be taken, such as the construction of drop structures in the natural

watercourse, to reduce the veiocity.

Levee Cutoff Depths

All levee linings must extend below the grade of the ratural watercourse
to the depth indicated in the table for cutoff depths of this criteria.
The only exception to this will be in the case of rock rip-rap and
gabion lining where an apron can be provided that can adjust to scour

conditions.

Lining Returns

It is required that the upstream and downstream terminus of the levee
connect to the natural bank or adjoining levee improvements with
transitions designed to ease differentials in alignment, grade, slope,
and roughness of banks. The criteria for the depth of cut-off for the
levee also apply to the transition section. |If the proposed lining
does not join an existing lining that meets this criteria, the
proposed lining must be returned into the natural bark at an angle of
30 degrees, a perpendicular distance of not less than four feer, or

in lieu thereof a four-foot cutoff wall.
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LEVEE CRITERIA

Filter Blankets and Weep Holes

Filter blankets will be required under all rock rip-rap and gabion
levee linings. Weep holes connected by continuous drainage material
are required for all concrete and gunite levee linings. Weep holes
are also required if grouted rip-rap is used.

Scour Gages

Scour gages are required in conjunction with all levee construction.
The gages will be used to determine actual scour patterns for future
refinement of the levee criteria. Unless otherwise directed, scour
gages shall be 12-inch diameter holes, 20-feet deep, filled with
1/2-inch to 1-1/2-inch diameter stone, that has a color distinctly
different from the surrounding material. The gages shall be placed

in sets of (3) beginning at the toe of the levee and spaced at 50-feet
perpendicular from the levee out into the watercourse.

The sets of three gages shall be spaced every 1,000 feet longitudinal
to the levee. A minimum of 2 sets (gages) are required for each
levee constructed. The exact location of the gages shall be shown
on the project drawings, with the instruction to the Contractor to
determine the elevation of the top of the gage upon completion of
construction and make record of such for the as built drawings.

The tables on the following pages (F-32 to F-34) contain the criteria for
cutoff depths, material and structural requirements, rock gradation, and
filter design.

Typical levee cross-sections are shown on Pages F-35and F-36. A typical
cross-section at a scour gage is shown on Page F-37.

Hyd. Man.
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LEVEE CRITERIA

Cut-0ff Depths

Velocities Straight Reaches *Curved Reach
0 -6 f.p.s. 6-ft. 9=t
6 - 10 f.p.s. 8-ft. 12-ft.
10 - 15 f.p.s. ‘ 10-ft. 15-ft.
15 - 18 f.p.s. | 12.5 #$¢. 18-ft.
18 - 20 f.p.s. | b fe. 21-ft.

*Check the cut off depth for curved reach on Chart F-06 on Page F-38
Use that depth if greater than given hereon.

Material and Structural Requirements

Concrete Levees (1 1/2:1 max. side slcpe)

Levee Thickness - T
Velocities Straight Reach | Curved Reach Reinforcing
0 - 10 f.p.s. é-inch 8-inch #4 @ 18" Bothways
10 - 20 f.p.s. 8-inch 10-inch ik @ 18" Bothways

Gunite Levees (1 1/2:1 max. side slopes)

Levee Thickness - T
Veiocities Straight Reach Curved Reach Reinforcing
0 - 10 f.p.s. 8-inch 19-inch #4 @ 18" Bothways

Gunite levees rot permitted where velocities exceed 10 f.p.s.

Hvd. an.

g
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Material and Structural Reguirements

LEVEE CRITERIA

Rip-Rap Levees (2:1 max. side slopes)

(Ungrouted)
Rock Size Levee Thickness - T Filter
Velocities (D50 Size) Straight Reach Curved Reach Thickness
0-7 f.p.s. 50 1b. (10") 15-inch 20-inch 6-inch |
7 -9 f.p.s. 100 1b. (12") 18-inch 24=inch 6-inch !
10 F.p.sS- 150 1b. (15") 23-inch 30-inch 9-inch ¥
—
11 f.p.5 300 1b. (18") 27-inch 36-inch 9-inch
12 f.p.s. 1/4-ton (21") 32-inch 42-inch 9-inch 41
13 f.p.s. 1/2-ton (27") 41-inch S4-inch 12-inch |
13 - 15 f.p.s. I-ton (34') S1-inch 68-inch 12-inch J
16 - 17° f.p.s. 2-ton (43") 65-inch 86-inch 12-inch
1
18 - 20 f.p.s. b-ton (54'") 81-inch 108-inch 12-inch i
]
(Grouted) Can be used only with special District approval I
16 - 20 f.p.s. 1-ton (34") S51-inch 68-inch 12-inch l
Gabicn Levees (2:1 side slopes)
Levee Thickness
(Straight or Wire Gage
Velocities Curved Reach) Rockfill of Baskets Apron Length
0 -7 f.p.s. 12-inch Baskets 4 - g» 12 ga. 12 feet
8 - 10 f.p.s. 18-inch Baskets 4 - 8¢ 11 ga. 18 feet
It = 15 f-p.s: 18=-inch Baskerts L - 8" 11 ga. 2] feet

Gabion levees not permitted where velocities exceed 15 f.p.s.

Hyd. Man.



Page F-33
LEVEE CRITERIA

Material and Structural Requirements

Rock Rip-Rap Gradation

D50
4 Ton 2 Ton 1 Ton 1/2T7on 1/4Ton 30C# 150# 100#
! i : } 7 | i | : ' '
- 0-5 N : P P
L]y ‘ | '

‘4 Tonm 50-100| 0-5

A
o
13

o]
-
o
-1

2 Ton __ |35-100]50-100] 0-5

b e

I Ton 95-100 [50-100 | 0-5

1/2 Ton 25-100 SO—IQQ 9=5

1/4 Ton = _ : 95-100 | 50-300f 0-=5 i

[:«.
|

'

1
"\
o
'
o
o
o
i
A4

Rock Sizes (Percentage Larger Than)

T 95-10q 0-5

o
I

camn e e m—— e —— - — — b . —

| 150# o ; ' ~ 95-10C{50-100

JooF - « 50-100 | 0-5

75 T ' 95-100

se¢ . I 35-100 ) 50-19¢

m-__ _— . _. - ) 95-100 !

| l u i 1 ! . L t E R
Filter Material
The following criteria is to be met when selecting the filter blanket

material:
DIE filter DIS filter 40 DSO filter
035 base <5< DIS base < > D50 base
and DIS rip rap DiS rig rap . DSO rip rap
DES Fitter <~ ° <  DVeFilter <0 > $%0 Filter

Base refers to the material underlying the filter, the natural bank
material.

DI5 fcr example refers to the i5 per cent size of the matarial and so
forth for the other values:; 050 and D85.

Hyd. Man.
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TYPICAL GUNITE OR CONCRETE LEVEE SECTION
— A3 Min_ C/d

: access rd ‘_of‘/

| olo?

| -{\\,'\0

1 11‘0

o \\t,,bf"(p

/ gg- \%’I ?’(

C&t-off ; Q Max. f;i:_:i._stage
walls @40'-’, k ‘v Fa@/8” ’ =

,," Both ways
3" Dia. weep holes @10’
' __Exist_stream bec

LN
Drain material “\_
(Continious)----___ \,—’

——
-
- -~

N \ T
Expansion joint with ‘\V\ :i
asphall filler- N

~ ¥ "a:;i @
-—— Q: ® Q
SN AR

- #2818

bm=em—  SCIrrups

SECTION A-A

TYPICAL GABION LEVEE SECTION
15’ Min.

accessra. |

)

'

'

|

'

'

' 1

y = D

/ Corc. cap--

Max. flood stage

,--All baskets co be lied togecther-
per manufactures ‘nstructions

Exist. stream bed v

Counterfort @ K\
each end of levee- Q} \

N

—sLlevee basket \
NS T e able T

™1
] -53'x3' Counterfort
3....1 basket

SECTION B-8B
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TYPICAL ROCK RIP —RAP LEVEE SECTIONS

_____ I g
" Access rd. : 3iQ
' 1 ~ lg -
: | St
S S S !
— > Max. flood stage
; / E s
pe— 47’ 2 Exist. stream bed
Case A is to be used v/ L /S8 »
& 0% o'Wy, =
unless ground water I {}‘/ / 8 :’;:%%
makes i& difficul & to Q! G LS RIRS
excavate below stream 9 Shd
v/ 0 Q
bHed. o/ S o
\) /G
Z'¢ A
i Y U
R < g
CASE A
S " <
; Access rd. : 3qQ
: | st
: 1 )
PR e 0 7.0~ Max. flood stage
." ’ I/
Necte: 9-&,' e Exist stream bed
Case B (s éo Se used 0‘9,’ »E =4 i
in lieu of Case A ‘5.‘/ o 3 /!
where high ground Oy, hy h,‘
water is a problem. $ig N 0
CX v} -(?,’ T N
3 b/ {79 S
b’ ( b, o 1 ]
V”Q‘ ‘\?,'( '\ Cut-off |
)  depth ;
' Q Ll -
er table+3
CASE B
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Hyd.

LEVEE CRITERIA

TYPICAL SECTION AT SCOUR GAGES

Elevationr
S (As Builé’)

_ s
: |

/

cobd bdte . ————

All holes backfilled
with colored rocks?¥._- L’

- o,
-

* Rock to be V2% -1 Y2 with a
color that is diséinctly

different than the surrounding
material.

The “4sBuilt’ Elevoéion of the top of each Scour gage is to be
accurately surveyed and recorded orn the ‘As Build’ drawings.

Man.
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LEVEE CRITERIA
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HYDRAULIC GRADE LINE

CALCULATION SHEET
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Transrtion

Structuvre

Monlhole cover 30’ §
shoul/d hove grotes NN
s L
2 2
vy V2 vz v/
S *> $ 5 % o i b ) _— - — # 2
0l * 07 35 72 o o./ (29 20 *spl *hm, ong
v 7
Sol = SzL =05 '0;2"/./ }; - 5} *hm..... rherefore:
Fs
vV vy
vyt +1.1 (3 Fourm
L= —
S0 - 3¢
where s, = slope of conduit
S¢ = friction slope of larger conduit
d] = diameter or depth of larger conduit
Vi = velocity in larger conduit flowing full
dg = diameter cor depth of smaller conduit
V, = velocity in smaller conduit flowing full
- hy = other losses occuring between the
transition and the grade break such
as bend and confluence losses
EXAMPLE PROBLEM
@ =400 c¥s
d/=d4llz 7/ dz= 75//:5'51

A, =38 49 sq 77~

Ay=33./8 59 77

v, =/O0- &L Ffps vp = /20 Fp5
iz 3/651 _VZ:_ - /
2 7 29-2.24
50=.00474
Sp=.00395

/= 65-707/1(224-/68)
N 00474 -.00395

= /&7

Los Angeies County Flood Control Districs:

LOCATION OF TRANSITION
LARGE TO SMALL CONDUIT
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Los Angeles County Flood Control District

WATER SURFACE COMPUTATION SHEET

S

X
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S=Channel Slope, E=DtHy Sheet
Date

'{229'3“:;]%%73 0,.[,!'?]2)(2 ' H,,=2yg£ L= SQE Calc.

Date

invert
Elev.

Section

Area

. v
(OHy)

S-Sfav. | Check
Qo _ 'Q37 '
d%3
; St

Q05 DE=L(S-Stg)| Ref.
H W.p. E
Q:’b (Sfoi)

| (AE)

EG.
Elev.
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SIDE CHANNEL SPILLWAY INLET CALCULATION SHEET

S tGrelf; 1, *HESD ON WEIR CACBLAIED BY DAIE

0,a )' d>OLPIH OF FLOW IN SIDE CHANNIL 8E oL S, - §)) PROJECT
RTTYL UL 0 @

0. " Set viar sore S (

; -
S1ANION scction | @ A Y| ec fwe|an s 5. 5.~ 8 ar | ae | e ik o I ) LALLS
n Qrcmng Q, Q,

Q,* FLOW OUT OF SIDE CHMANNIL Q.  VIFFERENCE BETWEEN ACTUAL AND DESIRED FLOW IN SIDE CHANNEL
Q,* ULSINED FLOW I SIDE CHANNEL - Q,* ACTUAL FLOW IN SIDE CHANNEL
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M

€ CHANNEL

z-—-—oc-

'y 2 Hyd=osrct ¢ pressure of Sridge orers.

- S

NCTATIONS. 1 0,20y, hen Ay=P~Fy & Ay:4,-4,

I, IO, Or: P+M Corves wpsireem inside ond downstreem
of bridge respectively. :
£,,020; = Warer dopths apstreom, inside ond downstreem of

dridge respectively.

Ocp,=Critical depm withen bridge.
w2 Chenmel w.dm.

7 2 [ 2 Eydrostetic pressure in yncoserucTec thannel.

) s A3= Aree of smobstreched chonme! n sq. It

—
J

!
t
i

Ap = Area of bo1dge prers in »q. 11

C =z Dischorge » ¢! 3

g = Gravitetional constant

Dey 2Deg=Criticel in wnobdstrvcted chemme!

- Use § Ay for round nese piers

Los Angeles County Flood Contrz! District I

FLAN

BRIDGE PIER LOSSES BY THE
MOMENTUM METHOD
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1 Los Angeles County Flood Control District
|

STREET CARACITY CHARTS

The Street Capacity Charts D-01 to D-08 are based on the following
formulas: (The formulas are a variation of the manning formula and
ignore the friction along the vertical face of the.curb as being
insignificant).
Mannings "~
Curb fo curb "n"= 0I5
Curb fo RAIW “n”"=.0/8

5" = Stree! slope
777&”29M04z’ Shoped Areos

5 /
Q-3 [/.456 035”1/}

7

Jropezoidal Shaped Areas

W

G
Do

0.z 120654 | af-gf |
5 n Db‘Da
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SUTTER FLOW DEPTH-D (FEET) GUTTER FLOW DEPTH-D (FEET) GUTTER FLOW DEPTH-D (FEET)
NOTE: Curves between D=0.67' and 1.0' are
not from model test data ond will be
revised in the fulure when cdditional
model fest date are availcble. CURB OPENING CATCH BASIN CAPACITIES
Los Angeles sty Flood Qomtrol District STREET SLOPE = .005
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Q (C.F.8.) INTO CATCH BASIN
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Curves between D=0.67' and 1.0" are
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I1® GUTTER DEPRESSION

Q (C.F.8.) INTO CATCH BASIN
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NOTE. Curves between D=0.67 and |.0' are
not from mode! fest data and wili be
revised in the fulure when additional
model test dofaare ovailable. CURB OPENING CATCH BASIN CAPACITIES
tioa Btskubee STREET SLOPE = .05 D-10D
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Los Angeles County Flood Control Distric
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SUMP FORMULA
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Los Angeles County Flood Control District

CATCH BASIN CAPACITIES
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Los Angeles County Flood Control District Sht__of _
[Catch Basin  Calculation Sheet
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Los Angeles County Flood Control District
Page G-37
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L C.0662 2.7670 | C.03T1 D6 2.3303 1.334¢ 1 C.23€3
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n.u2 n.0%1L 2,363 | 2.1077 2.8 0.3637 I A B B
829 2.1237 g.7020 | ~.1152 2.6 £ 570 1. TRTA | Y. 2250
€.3C 5.1112 0.7273 | 7.120% 672 2572 2,758 | SEFel
s 22 0.119n g.7521 pizsr 4 GLTA C.5%.4 200022 | S.2073
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Los Angeles County Flood Control District

FACTORS FOR CIRCULAR CONDUITS FLOWING PARTLY FULL

D = depLh ol water
d = dlumeter ot conduit Tabulated Values

K = momentum C = Pressure I' = Velocity Head
(¢/d)? a3 (Q/a?)?

D K C F D K C K D K c P D K C F

d d d d
.00 00 . 0000 00 .25 ,2026 .0157 0.659 +50 0792 L0833 L1007 | .75 0492 L2121 .0389
.01 23.919 .0000 9188. .26 .1916  .0173 0.589 .51 .0773 L0873 0958 | .76 .0485 .2185 .03
.02 8.403 L0000 1134. .27 .1817  .0190 0.530 <52 .0753 0914 0912 | .77 .0479 .2249 L0369
03 40507 0001 326, .28 1727  .0207 0.479 .53 .0736 .0956 0869 | .78 .0473 L2314, .0359
.0/ 2.961 0002  140.9 .29 L1645  .0226 0.435 54 .0712 .0998 L0829 | .79 .0467 . 2380 .0351
05 2.115% .0003 7n.9 .30 1569 .0255 0.395% .55 .0703 L1042 L0793 .80 .0462 24047 .0342
L0060 1,620 L0005 42.1 31 1493 L0266 0.361 .56 0687 .1087 0758 | .81 L0456 .2515 .0334,
,07 1,289 . 0007 26.5 32 1435 .0287 0.331 .57 0672 W1133 0726 .82 .0451 2584 .0327
08 1.048 .0010 17.97 <33 1376 .0309 0.304 .58 .0658 J179 L0696 | .83 L0446 26573 .07320

9 0.4888 L0013 12.68 <34 .1320 .0332 0.280 59 0645 1227 0668 | .84 .0441 2723 0313
10 0.760 .0017 9.28 .35 1269 L0356 0.259 60 .0632 1276 0641 | .85 L0437 27194 .0307

A1 0,662 .0021 7.03 .36 .1221 .0381 0.240 .61 .0620 1326 0617 86,0433 . 2865 .0301
12 0.582 ,0026 5445 371177 .04,07 0,222 .62 0608 .1376 0594 87 .0429 2938 .0295
Jd73 0.518 .0032 4.1 80 1135 0434 0.207 .63 0597 1428 0572 88,0425 . 3011 .0290
4 0,460 .0038 3.48 .39 L1096 0462 .1931 .64 .0586 1481 0551 | .89 .0421 . 308, .0285
A5 0,421 L0045 2.8/ 400 1060 L0491 .1804 .65 L0575 .1534 .05732 .90 .0/18 . 3158 L0280
16 0.18) .0053 2.36 410 10260 L0520 .1689 .66 .0565 .1589 L0514 91 L0414 L3233 L0276
A7 0,3%) L0061 1.982 420 00993 .0551 .1585 .67 .0559 1644 .0/96 .92 .041) . 3308 L0272
A8 0,324 L0070 1.68] A3 0963 ,0483 1489 .68 0547 .1700 .0480 93 L0408 . 3184 L0266
19 0,299 .0080 1.438 J4, 0 093 L0616 «1402 69 0438 1758 0465 94 L0406 . 3460 L0265
»20 0,278 L0091 1.242 A5 0907 L0650 :1321 .70 .0530 1816 0450 .95 .0403 <3537 .0261
W21 0,259 .0103 1.080 L6 ,0882 .068/ 1248 .71 0521 .1875 0437 96,0401 L3615 .0259
,22 0.24) 0115 0.946 47 .0857 .0720 1180 .72 0514 .1935 0424 1 97 L0399 . 3692 0256
.23 0,228 .0128 0.833 L8 .083, .0757 .1118 +73 .0506 .1996 .0411 98 ,0398 . 3770 .0254,

W2, 0.2)5 0143 0.740 49 .u8l3 0795 1000 W74 0499 +2058 04001 .99 ,0397 . 3848 0253
1.00 .0396 . 3927 0252
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Los Angeles County Flood Control District

Page G-39

VAL UES OF MANNINGS »

PIPE

7

Rernforceo Corcrere FPipe o/3 004582
Asbesros Cemen? Proe .0/3 00482
Concrere Lined Sree/ Pioe .0/3 00482
No=_join¥ cos¥ in ploce Comcrere Ploe .0/4 0057/
Corrvgored AMera/ Prpoe * vories
COVERED SEC7T/ONS
ResnFrforced Corncrere Box .0/3 00482
RernFforced Concrere Arch .0/3 00482
LINED CHANNELS
Povreo Concrere .0/74 .0057/
Asphol/# .0/74 L0577
Gurs*e .0/6 00746
AFlush GrovrFeo Cobb/e 020 .0//66
Medrivm Wesgh7? Levee R/porop .035 03570
Jer7Fy Type Rlorop LS50 07285
UNLINED CAHAANNELS
Very #fine sornd, s//7 or /oom P20 .O//6e
Usve/ river sond ond grove/ 025 .0/82/
Coorse grove/s 030 02623
Coorse grove/s mixed w/irh bouv/ders 035 .03570

REVETTED TRARLPEZD/IDAL CHANNELS

AProe onod Wrire

025

.0/82/

Ror/ ono Wrre

25

0/827

“Refer #o Cheor? F-05



Los Angeles County Flood Control District

INVERT - NOT PAVED

VALUES FOR MANNING'S "n" FOR
OORRUGATED STEEL PIPE

ANNULAR D HELICAL ~ _ANNULAR AND HELICAI,
__________ CORRIGATIONS T1 L CORRUGATIONS
- 6")( 2:. 6"K 2-0

2 2/3x 1/2" Py 1" Struc. Plate | 2 2/3"x 1/2'] 2 2/3"x 1/2"]  3"x 1" | Struc. Plate
.026 L — 1 DU T S

. .026 R .016 S R
025 I ___.019 023 .
025 |1 —.020 023 | N
Y T . 021 N 023 | T
.02 I Y Y T
N o ] 023 ___ .023 025
~.024 | 027 T A N ) 025 |
024 .027 N P 022 | 025 |
024 027 R I 4 022 | 05 | T T
.02 027 L0331 024 022" 025 | U030 -
_.+024 | .027 _.033 | .024 ] .022 | 025 | ~ .030 __
.0 027 | .033___“_4 024 |- .022 7,025 | .030
024 | o027 ~_.033 024 I 022 | T 025 | _.030 -
024 [ U627 {032\ - .022 _ 025 | .030
R D P A Y Y R . .025 | 029
_____________ S (Y 7 R A R A A I
R R AT < ) S A S [V AU

1. n values are good for

coated and uncoated pipe.

2. n values for helical corrugations without a paved invert are for the following

conditions: (a) pipe
straight alignnent.

flowing full, (b) very minor debris flow, (c) relatively

3. For Arch sections use values for annular corrugations and a equivalenl diameter

for the Arch section.

N=4R, R=hydraulic radius of arch section.

4. ‘'there is a slight decrease in the interior area which should be considered when
calculating the conveyance factors on pipes with paved inverts.

Conveyance Factor K=1
of conduit, namanning

(2/3) '
.486 AR (A=interior area of conduit, R=hydraulic radius
's n

Oh-9 3bey
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Los Angeles County Flood Control Districe

Elastic .-

filler--~ ““-Elastic filler

(Reinforcing stee Note: B shall equal 70°
or wire mesh not ./ — unless otherwise noted
shown)-e - -

7

Concrete pcvin% /
/
/

CORRUGATED STEEL PIPE WITH PAVED INVERT
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—gexX - continued,
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