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Section A

DES I G H H Y D R 0 lOG Y

A-I General Hydrology Criteria

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

a. In those situations where the proposed drain fonns the upstream
tenainus 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 • system
that the District or other agency intends to upgrade with future
relief the criteria stated below sh,ll govern.

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

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

For unifonDity. the hydrology wUI b. based upon standardS and methods
cf computation used by the Los Angeles County Flood Control District
~nd the District's basic data (Coefficient Curyes, Intensity Duration
Curyes. Isohyetal Kap and Soil Maps). Please refer to the District's
Hydrology Manual for methodS and data.

The hydrology wil I be furnished by the District's Hydraul ic Division for
District projects. Typi cal dilt .. wi II include a sketch
map showing drainage boundaries and design data sheets indicating the
reach QI S , frequency. peak subarea Q's and type of Q. if other than
"clear QU. Subareas result f.rom 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 confl icts should be resolved with the
Dis t r i ct 1 s Hyd rau lie 0 ivis ion.

Hyd. ~n.



Pege A-2

A-2 DesiVn Q continued.

If. during the design of a project. it is detenalned that the reach
Q's furnished by the District should be b~n down by subreaches
between the Interception points assumed In the .. in line hydrology.
then the Qt s for the subreaches (~UIR) shall be detenalned as fo))~:

where .dClsUIR • Change in Q for the subreach In' question. (To
deterlll ne the subreach Q. add the .4<1sUBR to the
design Q at the upstre.. end of the subreach.)

A • Area in acres tributary to the intenDed late inter­
ception point. Does not include areas tributary
to Interception points upstre.-.

• Difference in Q ·between the reach in question and
the reach up.tr....

It is Intended that streets crossing the alig~nt be considered inter­
..dtate interception points and that the r.ach of main line between
such points be cons idered a subreech.

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

where ~AP • Capacity of the outlet

QIU) • Reach Q at the outlet (from the hydro logy)

QR • Reach Q in question (from the hydrology)

Exceptions to the above poli~ie5 must be approved by the District.

Hyd. ltan.



A-2 Design 0 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 acr.age. then subarea Q's and m.in 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)
-r-(original)

A (corrected)

80th subarea Q's and ~in 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. copy of the original hydrology data
sheet furnished by the District marked up with the corrected sub.rea
acreage, sub.rea 0'5. and main line Q's. This will alert the District'~

reviewer th.t ch.nges have been made by the designer and he can readily
check the magnitude of the change.

Hyd. M.n.
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Page 8-1

Section 8

C R I T E R A FOR

C LOS E 0

H Y 0 R A U l

CON 0 U
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T S

~ E SIC N

e-I 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 deDris 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 det~rmination of the appropriate bulking factor.

b. In certain situations open channel sections upstream of the
proposed closed conduit may be adversely .ffec:ed 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 -.de to subsection
B-~.2 for requirements for pressure manholes.

8-2 Water Surface Profile Calculatjo~

B-2. I ~etenmination of Controlling Water Surf.ce Elev.tion

A conduit to be designed for pressure conditions may disch.rge 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, ei~her improved or unimproved.

d. Another closed conduit.

Hyd. Man.



B-2. I Determination of Controlling Water Surface Elevation continued.

The controlling water surface elevation at the point of discharge
is commonly 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
cr i ted a:

(I) 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 channe I .

(3) t n the case of a condu i t d i scharg i ng into another condu it,
the control shall be the highest hydraulic grade line
elevation of the outlet conduit immediately upstl'eam or
downstream of the confluence.

(4) In the case of a conduit discharging into tbe 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 anyone of the four
situations described on page 8-1.

Hydraul ic 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.

Hyd. ~an



Page B-)

Most pro~edures for cal~ulatins hydraul ic grade line profi Jes "are
based on the Bernoulli equation. This equation can be expressed
a5 follows:

In which • Vertical distance from invert to H.G.L.
• Invert slope
• Horizontal projected length of conduit
• Average friction slope between Sections I and 2
• Avera,. velocity (Q/A)
• Hinor head losses

Minor Josses have been included in the Bernoulli equation because
of their importance in calculating hydraulic grade I i"e profiles
.nd are assuned to be uniformly distributed in the above figure.

Hyd. Man.



8-2.2 Instructions for Hydraulic Calculations continued.

When specific energy (E) is substituted for the quantity V2/2g + 0
in the above equation and the result rearranged,

The above is a simplification of a more complex equation and is
convenient for locating the approximate point where pressure
flow m.y become unsealed.

The"fonaat in use at the District for calculating hydraulic grade
line profiles is shown on Chart No. 8-01. For use in expediting
such calCUlations a computer program is available. (Sec page 8-16.)

B~2.3 Head Losses

B-2.3. I Friction Loss

Friction losses for closed canduits carrying storm water,
including pu~ station discharge lines, shall be calculated
from the Hanning equation or a derivation thereof. The
Hanning equation is comMOnly expressed as follows:

in which Q • oischarse, in c.f.s.
n • Roughness coaff ici ent
A • Area of water nonnal to flow in ft. 2
R • Hydraul i c radi us
Sf • Friction slope

When rearranged into a more useful form,

in which

Hyd. Han.
K=



B-2.3. I Friction Loss continued.

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

The value cf K is dependent upon only two factors: the
geometrical 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-O~ , 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-OI.

e-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·~5'.

__i.6'
I

l [)ir~cric/1
I

J
• ~~ c/ ~/cw V2 \ ~

---1e

For velocities which increase in the direction of flow
(V2 > VI),

r1/,2 ~2J
hi' =./ ~ - 29

For velocities which decrease in the direction of flow
(V2 < VI)'

Hyd. :-Ian.



8-2.3.2 Transition Loss continued.

Deviations from the above criteria must be approved by the
District. When such situations Occur, the angle of divergence
or convergence (9) may be greater than 5°45 1

• However, when
8 is increased beyond 10·, the above equations will give results
for he that are too sm.ll and the values for h t derived from the
preceeding formulas should be increased by multiplying h

t
by the

fa 110wi ng:

For
For
For
For

• •10 <. 8 < 15 I1u Itip Iy ht
15°< 8 <20· Mul tiply ht20.<'8<25° Multiply h
8>25· MultIply ht by !

by 2
by 3
by 4

B-2.3.3 Junction loss

In general, junction losses sn.11 be calculated by equating
pressure plus me.entUM through the confluences under
cons ideru ion. Th is can be done by us i ng ei ther 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 cales for pressure
flow and will give the sa.. results.

For the special caSe of pressure flow wi th Al • ~ and
friction neglected,

Dirln:r/D/1- o'~/DW
£7 l;/

~z J1Z 2A,. ~z
h'· -- 2;- !L. CO~ B'.I 25' Az 29

Hyd. Han.



Manhole losses shall be calculated from the equation shown
below and shall be used only for District Manhole Nos. J and 2.
Where a change in pipe size and/or ch.nQe 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.

hm.h. =.05 ~~
6-2.).5 Bend LOIS

Bend losses shall be calculated from the following equations:

in which

where 6 • Central angle of bend in degrees

~ may be evaluated graphically from Chart No. 6-10 for values
of ~ not exce.ding 90 degrees.

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



8-2.3.6 Angle Point Loss

Angle point losses shall be calculated from the following
equat ion:

her. pi =. OO~.7 e [;; ]

in which e • Deflection angle in degrees, not to exceed
6- without prior approval from the District.

B-3 Speci.l Cases

8-3. I Transition From Large to Small Conduit

As a general rule, storm dr.ins sh.ll be designed with sizes
incre.sing in the downstream direction. However, when studies
indicate it may be advis.ble to decre.se the size of a
downstream section. the conduit ~y be decreased in size in
accord.nce with the following limitations:

a. For slopes of .0025 (.25 percent) or less, only conduits
75 inches and gre.ter maybe decre.sed. A reduction is
limited to • maximum of 6 inches.

b. For slo~es of more than .0025. only conduits 33 inches
and Qre.ter may be decraased. E.ch reduction ·is limited to
I maximum of 3 inches for pipe 48 inches in diameter or
sm Iler, and to I m.ximum of 6 inches for pipe larger th.n
48 inches in diameter. Reductions exceeding the above criteria
must have District approval.

In .ny case the reduction in size must result in a more
economic. I system.

Where c:onduits .. re to be decreased in size due to • change in
grade, the criteria for loc.ting the transition sh.1 I be as
shown on Chart No. 8-20. A design that doesn't follow this
criteria must h.ve District approval.

Hyd. I'1In.



Page 8-9

8-3.2 Branching of Flow in Pipe - Head Loss

The following e~u.tion 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.

~l ~, at (

- c.

V.lues for the coefficient C may De Obtained from the table
below and apply only to straight reaches of pipe of constant
diameter. For angles of divergence (6) and ratios of
Q3/QI other :han those shown, values of C may be interpolated.

&J1"Y.rgcn~ .f.t -as !?L -as ~- a7
A"'gle -t!I Q, Q, r;,

90· C-a76 c- a74 c-aBO

60" c·a~s c:aS4 C =a=2

45- C ·a.~5 c&a~e C·a~o

8-4 Oes;9n Reguirements for Maintenance and Access

8-4.1 ~nholes

8-4.1. I Spacing

a. Conduit diameter 30 inches or smaller:

~nholes shall be spaced at intervals of appro~imately

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 reauced to approximately 200 feet.

Hyd. I".n.



'.ge 8-10

8-4. 1.1 Spa~ing ~ontlnued.

b. Conduit di..-ter larger than 30 in~nes but sm.ller than
45 in~hes:

Manholes shall be spa~ed at intervals of approxim.tely
400 feet.

~nholes shall be spaced.t intervals of approxi~tely

500 feet.

The spa~ing requirements shown above apply regardless of
design velo~ities. Deviations from the above ~riteria shall
be subject to District approval.

S-It.l.2 Loat i on

~nhole. should not be located in street intersections.
espe~ially when one or .are str.ets are heavily traveled.

In situations where the proposed conduit is to be aligned
both in ea.e..nt and in street right of ..y, ..nholes should
be loated In street right of "Y. wherever possible.

Manholes shall be located as close 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 t,nds 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. I above and to Chart No. B-20.

8-4.1.3 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
ful I pipe, the total horizontal angle of divergence o~

convergence between the walls of the m.nhole and its center
I ine shall not exceed 5-45 1 •
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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 design water
surface is ~ore than I foot above the top of th~ manhole cove~.

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

8-4.3 Special Manholes

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

8-4.4 Deep Manholes

A manhole shaft safety ledge shall be provided in all instances
when the manhole shaft is 20 feet or greater in depth. Installatior.
shall be in accordance with District Standard Drawir.g No. 2-0430.

8-4.5 Inlets into Hain Line Drains

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

a. lateral pipe 24 inches or less in diameter shal I 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 a main line box
conduit in co~formance with the above requirements would be
excessive.

6-4.0 Minimum Pipe Size

The minimum diameter of main line conduit sh~1 I be 24 inches,
unless otherwise approved by t~e 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 fl~:s from
a deoris basin shall be 36 inches. In situations where d~Dris

may be expected, the District's Hydraulic Division shai 1 be
consulted to determine the .pplic.eil ity of debris c,iteria.

T~nnel sections shall have a minimum equivalent diameter of
60 inches. Hyd. Man.



B-~.7 Hinimum 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 .OS (S percent). In cases where it is not feasible to design
the drain for .05 (S percent) the District may approve a slope
of .03 (3 percent).

B-~.8 Inlet Structures

An inlet structure shall be provided for stonm 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
fi 11 over the drain and the embankments. Headwall and wingwall
fencing and the District's Standard Drotection barrier or trash
rack shall be provided to prevent oubl.ic entry. The trash rack
should be used for inlets 48-incnes' (diameter or width) and
smaller. For inlets larger than ~8-inches a special designed
trash rack may be required.

If debris is prevalent, barriers consisting of vertical 3-inch
or ~-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 stonm drain discharges into the ocean, the designer should
check with the District's Design Division Engineering Analysis Grclup
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 proteetien
barrier shall be provided.

(1) When the discharge velocity is low, or subcritical. the outlet
structure shall consist of a headwall, win~115. and an apron.
The apron may consist of a concrete slab. or groured rack.

(2) When the discharge velocity is high, or suPercritic.J. the
designer shall, in addition, consider bank pMDtection in the
vIcInIty of the outlet and an energy dis.i~tor structure.
The District will furnish, upon request. drawings of various
types of energy dissipators used on past projects.

Hyd. Han.
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8-4.10 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 Jrains. The District's Standard Trash
Rack is normally used for inlets 48-inches (diameter or width)
or sma J ler .

In some cases the protection ~arrier 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 constructio~

drawings. It shall be the designer's reSpOnsibility to provide a
protection barrier or trash rack,or toth, appropriate to each situation.

6-4. II Debris Barriers

A debris barrier or deflector is a means of preventing large debris,
such as tree I imbs, 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 small 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 efflctively by the District In the past is
the debris rack. This type of debris barrier is usually for~d by
a line of posts, s~cn as steel pipe filled with concrete or s~eeJ

rails, across the line of flow to the inlet. An example
of this type would be the debris barrier designed for Hidden Hi! Is
Project No. 4101, Drawing No. 364-410·1-05.1. It Sholl be the
designer's responsibility to provide a debris barrier or deflec~or

appropriate to the situation.

8-4.12 Debris 6asins

Debris basins·, check dams and similar structures are a 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 co~duit. Debris
basins must be cleaned out on a regular basis, however, if they are
to continue to function effectively. ~efer to the uistric:'s Debris
Dams and Basins Design Manual regarding the cri~eri. to be used ir.
designing these structures.

Hyd. :"Ian.
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8-5 Other Closed Conduit Criteria

8-5. I Ansle of Confluence

In general, the angl. of confluence between m.in line and lateral
shall not exceed ItS degrees and, as an additional requirement,
shall not exceed 30 degr.es under .ny of the following conditions:

a. Where the flow (Q) in the proposed l.ter.1 exceeds 10 percent
of the ~in line flow.

b. Where the velocity of flow in the proposed l.ter.1 is
20 f.p.s. or gre.ter.

c. Where the size of ·the proposed lueral is 60 inches ot
greater.

d. Where hydr.ulic calculations indicate excelsive 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 ItS degrees up to a maximum of 90 degrees provided none of the
abov conditions exist. If, in any specific situation, one or
more of the above conditions does apply, the angl~ of confluence
for connector pipes shall not exceed 30 degrees. Connecti~s

shall not be made to main line pipe which may cre.te conditions
of adverse flow in the connector pipes.

The above requirements may be waived only if calculations .re
submitted to the District showing th.t the use of a confluence
angle larger than 30 degrees will n~~ unduly increase head losses
in the main line.

e- 5.2 Flap9ates

A flapgate shall be installed in all laterals outJetting into a
~in I ine storm drain whenever the water surface level of the
m.in I ine is higher than the surrounding area drained by the
lateral.

The fl.pgate must be set back from the main 1ine drain 50 th.t
it will open freely and not interfere with the main line flow.
A junction structure shall be constructed for this purpose in
accordance with District StanOird Drawing No. 2-0192.

a-S.3 No-Joint Cast-In-Place Concrete Pipe

Refer to the District's Structurai Oefisn "enual
criteria regarding no-joint cast-in-p afe concrete pipe.
The ~.nnin9Is value for cast-in-place concrete pipe is ,014.
The n value for reinforced concrete pipe is .013.

Hyd. Man.



8-5.~ Rubber-Casketed Fipe
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For criteria regarding the use of rubber-gasketed pipe, refer to
the District's Structural Design Manual.

8-5.5 Asbestos Cement Pipe

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

a. Asbestos cement pipe m.y be used for m.in 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
undeveloped land that m.y contribute significant
~unts 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 De used for catch basin connector
pipe 42 inches or less in diameter except ~ere significant
amounts of erosive m.terials ~y enter :he catch basins
during storms.

Refer to the District's Structural Desian Manual for
instructions regarding O-load requirements for asbestos cement
pipe.

Refer to the District's Project Preparation
Instruction Manual for instructions regarding the ger.eral notes
to be placed on bond issue drawings per:aining to the use of
asbestos cement pipe.

6-5.6 Non-Reinforced Concrete Pipe

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

8-5.7 Corrugated Steel Pipe

In locations where corrugated steel pipe will be a penmanent
installation the invert shall be paved with concrete (see chart
F06). Manning1s n values for corrugated steel pipe are shown
on chart F05.

Hyd. Man.
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8-5.8 Tunnel Sections

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

8-6 Computer Programs

A District Water Surface Pressure Gradient-Hydraulic Analysis computer
p~am is available (Program F05l5P). If a computer program other than
the District's is used, th~ District's hy~raulic grade line calculation
sheet (Page G-I) or water surface computation sheet (Page G-5) shall be
completely filled out and suumitted.

Hyd. Man.
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Section C
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DES I G H

C-I General Hydraulic Criteria

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

In making prelimin ry 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
considerations In Section C-3 shall be followed to reduce supere Ievat Ions
and to ell_lnate Initial and ~unded 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 ste.p terrain. If the Froude nUMber exceeds 2.0. any
small disturbance to the water surface is .-pllfied in the course
of time and the flow tends to proceed as • series of " ro 11 waves".
Reference is made to Section C-3.~ 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/~ - 1.0] for any si~nificant length
of reaen, the shape or slope of the channel should be altered to secun:
a stable flow condition.

C-2 Water Surface Profile Calculations

(-2.1 Genera I

Yater surface profile calculations shall be ealculated USing th~

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 canputer ;Jrogram (F0515P) is available. (See page 6-16)

Hyd. Man.
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C-2.2 Dete~lnation of Controlling Water Surface Elevation

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

I. Where the channel slope changes fn. .l1d to steep
or crlti~I, the depth It the grade break is critical
depth.

2. Where the channe I s lope changel f r'OlII Cr It I~ I to 5 teep,
the depth at the grade b~k Is critical depth.

3. Where a di,charglng or outletting channel or conduit
ilona _lid slope, the water surface is generally
cont ro lied by the out let (s_ Sect lone-2. I ) •

4. When a channel on I steep slope discharges into I
facility that has a water surface depth greater than
the no~1 depth of the channel, calculate pressure
plus ...-nt_ for no,..1 depth and cc.pare it to the
pressure plus ~t_ for the water surface depth
at the out let according to the equat lon, 'n+"n'" 'o+f'to.

a.
""Ith a

control

b. If ,n+"n < Po+Ho• this indicates outlet control
with. hydraulic jump probably occuring upstrea••



C-2 Wate,. Surface Profl Ie Carculat Ions cent Inued.

c. Where the water surface of the outlet is below the
water surface In the cn.nnel or conduit. control will
be upstr... and the outflow will have the fOMn of a
hydraulic drop•

..._~--

When there is a series of control points. the one located
farthest upstr-.m shall be used as a starting point for
water surface calculation.

Calculations shall proceed upstr... when the depth of flow
15 greater tn.n critical depth and shall proceed downstream
when the aepth of flow Is less than critical depth.

'-2.4 Head Losses

C-2.~.1 Friction Loss

Friction losses for open cn.nnels shall be calculated by
an accepted fo". of the Kann I ng equat i on. The Kann i n9
equation Is COIIIIIOnly expressed as follows:

in which Q • Flow rate. in c.f.5.
n • Roughness coefficient
A • Area of water nOr.Al to flow. in ft. 2
R • Hydraul ie radius
Sf • F,. ict ions lope

Hyd. ....n.
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When rearranged Into a more useful fora.

S.,t •

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

11.,&. • S~ . L

Refer to the Appendix for values of "n" for different
~t.rlals and corresponding values of

C-2.4.2 Confluence or Junctions

Confluence or junctions shall be evaluated by the pressure end
....nt_ theory and stwlll canfor'll to closed conduit
angle of confluence criteria. Sect Ion B- 5.1.. Refer
to Section F· for cas.. and alternate solutions.

(-2.5 Side-Channel Spillway Inlets

When the main channel is relatively narrow Ind when the VOlUMe0·' side Inflow is in the range between 3 and 6 percent of the
.. In ch.....1 discharge, high waves are usu.lly produced by the
side Inflow and are refl.cted downstr... for a long distance,
thus reQuiring additional wall height to preclude overtopping
of the channel walls. This condition is ..plifled when the
side inflow is at a greater velocity than the .. in channel.
To eliminate these wave dlsturbancel. tne Los Angeles District
of the Corps of Eng Inears twls developed a side channel
spi Ilway inlet. The Corp...y requi re this type of structure
when outletting into one of their facU itles. It shall also
be used for District channels if high waves above the nor-
.. I water surface cannot be tolerated. Se. Section F for the
Corp·! procedure and criteria.

Hyd. ~n.



C-2 Water Surface Profile Calculations continued.

(-2.6 Transitions

(-2.6.1 Subcrltlcal Flow

For subcrltical yeloclties less than 12 f.p.s •• the
angle of convergence or dlyergence between the center
line of the channel and the wall shall not exceed 12-30'.
The length of the transition (l) shall be dete~ined

fro- the fol lowing equat ion:

L = 2.S~B

where ~B • The .dlfference in channel width at the
~t.r surface between the upstream and
downstream ends of the transition.

For subcritlcal velocities equal to or g....ter than
12 '.P.s•• the angle of convergence or divergence between
the center line of the chennel end the well shall not exceed
5-45'. The length (L) shall be d.te~rned f~ the
following·equatlon:

Head losses for transitions with converging or diverging wells
in subcritical flow conditions shall be determined by using
the formulas in subsection 8-2.3.2.

(-2.6.2 Supercritical Flow

a. Divergent Walls

The angle of divergence between the center line of the
channel and the wall shall not exceed 5·~5t or tan-I F/3
whlcheyer Is s.. Iler~ The length of the transition (L)
is the longest length deter-lned fro- the following
equat ions:

i-.~.O~!3

L. • I.!!!J A B·F

where F· Upstrea. Froude nuaeer based on
depth of flow.

~B • The difference In channel width at
the water surface.



C-6

C-2 Water Surface Proflte Calculations continued.

b. Convergent Walls

Converging walls should be avoided when designing channels
In lupercrltlcal flow; however. If this Is I~ractlcal. the
converging transition shall be designed to Minl.lze wave
action. The walls of the transition shall be straight
lines •

With the initial Froude nu.ber and the contraction ratio
fixed.and with the continuity equation giving

81 ( ;:;;.)! ~..-. ,., )(,t= I
a.'-I 1

trial curves can produce the gea-etry of the contraction
suggested above. The curves represent the equation

-{-&u·" ~, (/;.,. 8'-::,1 Sin 2~, -.3)
2 ~D'" 2131 or j I~ 8 ~,I s/,.., 2131 - /

Refer to Charts C-lO,P.ge G~9 in the Appendix and to the
example probl .. on Page F-l2.

Hyd. Han.
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C-z.7 Piers

C-z. 7. I 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
supercrlt Ic:al, and when transported debris icnpinges 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 -.ch particular situation,
the District's Design Division shall be contacted during the
preliainary design stages of a project for a detemination of
the appropriate wIdth. Str...llne piers should be used when
heavy debris flew 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 detemined by equating pressure plus momentum. The
water surface profile within the pier reach shall be detenJIined
by the Bernoulli equation. The water surface elevations at the
downstrea- end of the piers ..y be det.~lned by applying either
the pressure plus ....,t~ equat ion or the 8ernoull i CQuat Ion.

'-2.7.2 p. H Equation as Applied to Bridge Piers

I Z r-

I

tV I
I

I
I--

-LJDj-
A

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 HI (Ap/Al ). Therefore.
the pressure plus momentum (PI + HI - P ) should be reduced by the
loss Hl (~p/AI) which changes the momen~um term to HI (AI - Ap/A I ) •
HI (A21Al J. A

2
PI + HI -- - Pp • P2 + H2A1

Hyd. Han.



where PI • Hydrostatic pressure in unobstructed channel
"I • Kinetic momentum in unobstructed channel
Al • Area of unobstructed channel

A2 • Al - Ap • Area of water within bridge

'2 • Hydrostatic pressure within bridge based on
net flow un

."'2 • Kinetic IllDIMlntUlll within bridge based on net
flow are.

Pp • Kp Ap Yp • Hydrostatic pressure of bridge pier

Ap • Area of piers

Yp • Cent ro·idaI me:-ent al"lll of Ap about the hydraulic
grade at the section

Kp • 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 • graphical representation of the ~thod presented
above. Charts C-ll and C-12 are a graphical solution of the above
P + H equ.tion.

(-2.7.3 Hydraulic Analysis

For subcritlcal or critical flow, the following cases. numbers I
or 2. generally apply.

I. If the depth which balances the P + H equation at the
downstream end is equal to or above Dc 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.
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C-2 Water Surface Profile C.lculations continued.

2. If at the downstre.. end of the piers no depth an be
found to balance the P + H equation, assu.e critical
depth within the "Ier and calculate the water surface
Just downstr.. f". the end of the pier. calculate
P + H for this depth and Its sequent depth. If the upper
....uent depth provides a gr..ter swa (P + H), a hydraulIc
Ju.p occurs at the downst~ end of the pier. If the I~r se­
quent depth results in a gr..ter SUR (p + H) the hydraulic
ju.p occurs sc.e distance downstr... f~ the pier. With-
in the pier, ~lculne the water lurfaca. to the upstrum
face and then ~Iculate the depth JUlt upstream of the
face of the pier using the P + H equation.

--6::----

For supercrltlcal flow the followlnt cases, nu.b.rs 3 or 4,
generally apply.

3. If the depth calculated by the P + M equation just inside
the upstr..- face of the pier is equal to or below
criti~1 depth continue the w.ter surface to the down­
st,... end of the pier and then calculate the depth just
outside the pier by either the P + M equation or the
aernoull i .q~t ion. .

- -----~~ I - - - - i----Z1ir. --
1--..-£'-',.."'c -
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~. If, at the upstre.. end of the pier, no depth can be
found to balan~e the P + H equation, calculate P + H
for the depth of flow Just outside the upstre.. end of
the pier and Its sequent depth. If the lower stage
results in the gr..ter su. (p + H), this indicates a
hydraulic j~ a~ the upstr... face of the pier. If
the upper stage results in the greeter su- (p + H).
this indlates a hydraulic Jump SOllIe distance upstream
from the pier. Ass~ crltl~l depth just inside the
upstr pier face and continue the water surface to the
downstr end of the pl.r, and then calculate the
depth just outside the pier by either the P + H equation
or the Bernoulli equat ion.

(-3 Curving Al igMlents

(-3.1 Super.levation

Superelevation is the rise in water surface at the outer wall
above the mean depth (0) of flow in an equivalent straight
reach, caused by centrifugal force in a curving 411 ignment.

a. Rectangular Channels

For suberitical velocity, or for supereritieal 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:

Hyd. Kan.



C-3 Curving Alignments continued.

For supercritical v~locity in the absence of an upstream
easement curve, the ~ximum superelevation (S max) is given
by the following equation:

S max • V2b.........
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 ~ercent factor of safety.

S max • 1.15 V2 (b+2%D)
~r

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 a maximum superelev.tion (S max) given
by the following equation:

S max· 1.3 V2(b+2z0)
gr

A 30 percent factor of safety is includec.

Hyd. Man.



C-3 Curving Alignments continued.

c. 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.

d. Superelevation Allowance

L

5uper.Nttlt:1fion
vorie5 f"r0'T1

o to Mt::Ixim(l/17

, ,
, 'oS'
',<-' ..~ ..',r- "

"" '
V:': '"

......
. , /~... ' 7:,'·No ~reI6M::1tit:n

·····Moxirnum
5Uperelevcticn-···· "~relt!lIt:/tion

vone$ ('rom
Mc,ximllm To 0

When determining superelevated water surfaces for freeboara
(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.

Hyd. Han.
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C-3 Curving Alignments continued.

where:

L' • T
un ,

T • Top width

• b for recto channels

• b + 2 Z D for trap. channels

, · ~.v front angle

F • Froude

C-3.2 Easement Curves

viD
V

1
F
Number. V
~

Easement curves are alig~nt transition curves, .-ployed
upstre.m and downstr.em of circular curves, when supercrltical
flow exists in open channels. The pur~se of the easements Is
to alter the transverse slope of the water surface and keep the
water-prism in constant static equllibrlm ageinlt centrifugal
force throughout the entire length of the eas.-ents and central
circular curves, thus achieving minimum heights of superelevation
with avoidance of cross·wave disturbances.

Circular eelement curves are re~ded in lieu of spiral
transition curves for ease of design and construction. Also
very 1ittle hydraulic advantage Is gained by the use of the
spiral. The circular eas.-ant curve consists of curved sections
upstream and downstream of the main curve having a radius (2R),
twice the main curve radius (rt). See Section C-).2.2.

(-3.2.1 Conditions Requiring Ea~ement Curves

I. ~hen the fre~rd, above superelevated water surface
(as ca-Iculated without an easement C;Ufve), is less than
one foot.

Hyd. Han.



'-3 C~rvin9 ~I isnment5 continued.

2. In reverse curves or on al isnments "",here curves rollow
one another ~Iosely.

3. For any case where el imination of cross·wave disturbances
is required. (If easetnent curves are not used, additional
freeDoard downstream of t~e curve may be necessary.)

4. In trapezoidal channels for all cases of super-:r::ical
velocity.

'-3.2.2 lenath of Easement Curve L

No ~f./perelevcTion.. ::

!!Jc.,pe-elevet/on
vcries '!'rom
o 'ft) Max'.mum·····

MaxV7'7UfTI

For rec:angular c~annels, tne lengtn of easement curve (~E)

is given by the following equation:

0)/
LIE - .:32 "b

For trapezoical and .ssociated c~annel :ypes, :he leng:~ of
easement curve (L~) can ~e' calcul.te~ as fol lcws:

V
L=- • ~2 /b - Z%~) ;:;ii='.- . V"-"

Terms are defined hereinabove.

C-3.2.3 Superelevation Allowance

When determining superelevated water surfaces for freeboard (See
Section (-4 for Freeboard) with easement curves, begin the surface
change at the downstre~ 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. (Sec Figure in Section C-3.2.2)

Hyd. "'an.
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C-3 Curving Alignments continued.

C-3.2.4 Right of Way

If ....-ant curves are used, all circular curves for the center
line of the Intended right of way should have upstrea. and down­
stre.. tangent extension lengths of at least one-half of the
calculated required ea•..-nt curve length. The District's
practice Is to ..ke the central circular curve of the channel
center line concentric with and midway inside of, the right of
way curves.

C-~ Freeboa rd

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

C-4. I

1.

2.

3.

C-4.2

I.

2.

3.

Rectangular Channels

For average flow velocities of 35 f.p.s., or less, add
2.0 feet. For curved 81 igomentl, add 2.0 feet or 1.0 feet
above the superelevated water surface, Whichever is greater.

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

For supercritical flow where the depth is between 0 and
0.80 Dc, the wall height shall be equal to the sequ~nt
depth, but not less than the heights required under 1 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 a1 ignments, add 2.5 feet or 1.0 feet
above the superelevated water surface, wh4chever is greater.

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

For 5upercritical flow where the specific energy is eoual
to or less than 1.05 of the specific energy at 0 • the wall
height shall be equal to the sequent depth, but MOt less than
the heights required under I and 2 above.

(-5 .Roll Waves

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

Hyd. ~an.
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.
C-5 Roll WIves continued.

then the Quotient, twelve divided by the Reynolds Number. When
they do occur, It Is laportent to know the ...1... weve height at
ell points along the cn.nnel so that appropriate well heights mey
be deter-lned. Besed on the experl-.ncel r.esuln of roll waves
by RiCherd R. I~kt the ...i~ wave height cen be estl..ted.

For details, see "Development of Roll Waves in Open Channels",
Report No. KH-R-16, c.liforni~ Institute of Technology, July 1967.
Refer also to Cherts C-30. C-31 ~nd C-32.lnd to the exemple
problem on pages F-23 ~nd F-24.

C-6 Other Cri teria

C-6.1 Composite Linings

In locations where p~rt of t~e channel cross section is unlined or
the linings .re ca.posed of different meterials, a weighted
coefficient must be detenalned using the roughness factors for
the materi.ls as given in Chart F-04. If the lining materials
Olre represented by the subscripts ....., IIblt and "c", and the wetted
perimeters by up". the we ighted val ue of tln" for the c:ompos i te
section is given by the following equation:

n

C-6.2 Maximum Sidewall Slopes

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

Hyd. M~n.

Lin ing KIlterial

Portland Cement Concrete

Gunlte

Asph~ltic Concrete:

less than 10' in height
10' to 20' in height
20' to ~O' in height
Over 40' in height

Ii routed Rock

Loose Rock

Max iIllUil Slope

Vert Ical

Vertlal

1-1/2:1
1-3/Jt:l

2: I
2-1/2:1

1-112: 1

1-1/2:1
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C-6 Other Criteria continued.

(-6.3 Unlined Channels

After full consideration has been given to the soil type, velocity
of flow, desired life of the channel, econe-ics. availability of
~terials, maintenance and any other pertinent factors. an unlined
and unrevetted earth channel ~y 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. Old 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
n~nerodible velocity thin shallower ones.

Haximu- side slope shall be determined pursuant to an analysis of
soil reports. However, in general. slopes on fill should be 2:1
maxi.ua. ~lopes in cut should be 1-1/2:1 meximum.

c-6,~ Revetted Channels

a. Cross-Sectional Area of Flow

For the typical cross section shown above. only the area between
the two inside faces of the rev.t.-nt shall be considered, for
design purposes. to be the cross-sectlonll area of flow.

b. Stabilizers for Channels with Revet..nt

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 fr~m the
following fonnul.:

L • 4.5
-5-

where 5 • Slope of the channel before the first design flow.

Hyc. Han.
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Section 0

CAT C H a " S "r: S

0-1 'Des ign Q

The District's Hydraulic Division ~/il1 furnish the designer of
~istrict projects with a drainage map (Scale: I"· 2000')
and a channel design data sheet indicating main line design Q's and
peak design QI S for individual subareas tributary to the main line.
Subare~s result from the initial breakdown by the District of the
total drainage area and are designated by numbered ~ircles on the
drainage maps furnished by the District. Catch basin design QI S

shall be detennined by the following procedure:

1. Outline the drainage area map furnished by the Oistrict on
a nap with a sC41le of not less than I" • 600'.

2. Outline the drainage area tri~ut~ry to each proposed catch
basin, designating this area with the corresponding subarea
number and with a letter (2A, 2B, 2e, etc.). Drainage areas
sh~11 be differentiated by color.

3. Calculate the tributary area in acres for each catch basin.
Discrepancies in drainage arca boundaries with those furnished
by the District should be oiscussed with the District's Desigr.
Oivi~ion. If any problems r~ain, the conflicts should be
resolved with the District's Hydraulic Division.

4. Assuming satisfactory drainage area relationships, the cat:h
basin design Q shall be cOllculated as follows:

O • ()p A
OES AT

where A • Area in acres tributary to catch basin
AT • Total area in acres of the appropriate subarea
~ • Peak Q from ~ppropriate subarea, in c.f.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 basinaesign Q's shall be reduced
by the same percentage.

If, 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.

Hyd. Man.
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0-2 ReQuired Data and Cal~ulations

0-2.1 Street Flow Carrying CapI~ity

Submitted data shall in~lude ~~iete ~ross sections ~etween property
lines of streets It the proposed catch besins and of ~ny streets
which control the flow of water to the pertinent locations. Street
cross·se~tions shall indicate the following:

1. Dimensions from the street ~enter line to the top of curb
and property 1ine.

2. Gutter slope It eech cat~h basin.

3. Elevations for the top of curb, flow 1ine, property I ine and
street crown at each catch blsin center line.

4. Curb batter.

Please refer to·Chlrts Nos. 0-01 to 0-08, inclusive, for n~grlphs
iiving street c.pacities for some typical street sections.

0-2.2 Cltch Besin Size Ind Type

Size and type of catch basin shall be detennlned by physic.l
requir...nts end by inlet flow capacities glYen in Cherts
Nos. 0-10 to 0-26, inclusive. Criteria used, if other then
those reconnended in ttl is sect i on, shall be ci ted' and accompen i ed
by appropriate calculations.

0-2.3 Connector Pipe Ind ''V.. Depth Calculation

0-2.3. I Single Catch Basins

Hyd. MIn.
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0-2.3.1 Single Catch Basins continued.

Given the availaole head (H), the required ~onnector pipe size
can be detenmined from ~ulvert equations, such as those given
in King £ Brater, "Handbook of Hydraulics", Section Four, fifth
edition. Chart No. 0-30 can be used for a nomographic solution
of a ~ulvert equation for culverts flowing full.

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

v Z d
v= Cr: "'05"'/, Z 29 .,. CO.5 5

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
c.tch basin oPening, in feet.

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

d • Oianeter of connector pipe, in feet.

S • Slope of connector pipe.

The tenm 1.2 v2/29 includes an entrance 1055 of .2 of the
velocity·head.

Assuming a curb face at the cat~h basin opening of 10 inches,
which is the value normally used by most agencies, and Cos S • I,
the above equation m.y be simplified to the following:

V 2
V-/.J3.;/2 29 "'d

Please refer to Chart No. 0-31 for a graphical solution to the
above equation for curb faces of 10 inches.

Hyd. ~n.
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D-2.).2 Catch Ba.ins In Series

4: 1.2;;
'.
'. et,
,~ ~
'0';:•.': . II : : '. c· . H.Ii tt'Dr1/1'611 ';/11". V

~TDr", Dr6/"

Hyd. Ma:l.

Select a connector pipe size for each catch ba.ln. and deter­
mine the related head loss (Hl. H2) by means of a culvert
equation. or by Chart No. D-30. The su. of head l~ss.s In
the series shall not exceed the available head, i.e.,

H1 + H2 + . • . • + Hn ~ H•

The minimum catch basin "'1" depths shall be determined in
the following ..nner:

1. The fi rst catch basin ''V'' depth sh~11 be calculated as
for ~ single catch basin:

/1;2
VI ~ I. .5:J ~ I 2 1

9
~ °dt



Pave 0-5

0-2.3.2 Catch Basins in Series continued.

2. The second catch bu i n "V" depth shall be determined
as follows:

Assuming again that C.F' I • 0.83 and Cos 52 • I,

~z

11 $ I. .J" -I Ht <J I. 2 2~ <J tt~ - (;

3. The freeboard provided for the second catch basin
generally shall not be less than 0.5 feet and shall
be checked as fo1 lows:

z
01 Vz c. -

FlJ; = 112 - CO~~; -1.2 29- - .r.;

If C.F. 2 • 0.83 ilnd Cos 52· I,

vir LJ2 = Vz - t7t -/. 2 2i -aB"

Where especiillly "tight" conditions prevail. the
0.5 feet freeboard requirement referred to above may
be omitted. In such Cilses the difference between
the gutter elevation and the hydraulic grade line
elevation of the main line will be aecepted as the
ava i lab Ie head.

4. Connector pipes between catch basins in series sh.11 be
checked for ildverse slope by the following relationship:

lIZ -0..5 > 11/-6

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

Kyd. ",-n.
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D-3 Other Criteria

D-3. I General

a. Existing drainage systems which are not required to carry any
portion of the design Q of • proposed system m.y be designated
to be abandoned in place upon completion of the ~roposed drain.
Such existing drainage systems shall not be sealed or removed
before ca.pletlon of the proposed system.if needed :0 carry off
storm water during the construction period. It shall be the
designerls responsibi lity to ascertain the necessity of
m.intlining existing drainage systems in pllce.

Existing street or sidewalk culverts m.y be designated to hive
the interf.ring portions reMOved and the inlets sealed. or
the culverts m.y be kept In operation and connected to the
storm drain or to the blck of a proposed catch basin. If the
culvert is to be connected. a Structural detail shall be pro­
vided. Ref.r to the Dlstrlctls Structural Design Hanual fordetails.

Existing street or sidewalk culverts that do not interfere
with construction shall be ~intalned in place.

If the existing culvert is located in. or is required to drain
a s~. the designer shall -.ke every effort to Ivoid raNgvII
of the culvert, especially in instances where the capacity of
the proposed drain is less than that required for the correct
design frequency, IS set forth in Section A-I. page A-I.

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

Hyd. Han.



P~e 0-7

c. If, due to A lack of fundi, a DroJect is to have
one or ~re 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 reQardina 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.

a. Grating-type catch basins are used on steep sloped streets
(generally greater than ~t) 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 gener.lly used with curb and gutter.
The Catch Basin No. ~ 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. Sand 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 or. steep sloped streets where debris may
clog the gratings.



Page 0-8

D-3.2 C~tcn Basins continued.

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

Charts 0~10A to 0-100 and 0-26 ~re to be used for curb
opening catch basins.

The C.tch ealln No. a'can be used .t driveways reg.rdless
of street slope, but is more effective on steep slopes
than other catch basins. Charts Nos. 0-20 to 0-22,
inc I us ive, are to be used for the Catch B.s i.n No.8.

A Catcn Basin No. a should be avoided if the driveway is
used by heavy trucktr.ffic as past experience indicates
damage to the top slab can occur.

The ca~city 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 2a feet in length
should be .volded. In lieu thereof, two shorter equiv.lent
length basins should be design.ted.

d. The number of catch basins to be connected in series should
not exceed two. If the connection of more than two catch
basins in series is un.voidable, consideration should be
given to designing a lateral dr.in.

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

Hyd. /'1an.



0-3.3 LocI I Oepressiors

a. The LocI 1 Depression No.2 usually has a drop of 4 inches
and produces a curb face at the catch basin opening eQual
to the existing curb face plus 4 ir.ches, 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. I, 2 and 3, only.

b. 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.

c. The Local Depression No.4 has a drop of either I inch or
2 inches and can be used with Catch Basins Nos. 1. 2, 3, 6,
7 and No.8, Case B. The Lo~J 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 .djacen~ to
curbs at relatively high speeds.

If, at any time during design. a 10c.1 depression is changed.
the length of opening of the corresponding catch basin sh.ll
be checked for size and changed. if necessary. At no time
shal I the local depressions be changed from a No.2 to a No.4
in the final design stages of a project by n~ans of a General
Note, unless all catch basins are reviewed.

d. Other local depressions are det.i.led on the appropria:e
standard drawing for the Catch Basin No.8, Cases A and B.
Case A specifies a 12-inch curb f,ee throughout length '~"
of the curb opening. Case B specifies a corresponding
~-ineh curb face. A Local Depression No.4 may be specified
with Case B.

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 wh~re water may bypass the basin.

~-3.4 Connector Pipe

a. The minimum diameter of connector pipe shall be 18 inches.

Hyd. Man.



D-3.~ Connector Pipe continued.

b. The horizontal ~lignment 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 lir.e.
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 aownstream 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 fe.si~le, 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
. 0 1 (I percen t) ,

The Inlet No. I 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.1 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.1 is detailed on. the District's Standard Drawing
No. 2-0265. and the three cases shown are to be used as follows:

a. Case 1 should be specified wnen the reinforced conc~ete pipe
to be installed can serve as the connector pipe for a future
catch basin without being removed and reinstalled. The use of
Case 1 must have the approval of the District's Design Oivision,
due to the frequent 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. I is to be installed
directly over the top of a pipe or box conduit.

Hyd. Man.



Notes and Assumptions

Applicable to Catch Basin Charts

Charts 0-10, A,B,C and 0

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

Charts 0-13. 0-14 and 0-15

These charts indicate gratini capaCities of standard City of Los Angeles
gratings (Standard Plan No. 8-2523) developed from hydraulic model studies
for various values of "0" on the indicated slope and are applicable only
to conditions shown on the corresponding charts. For complete information
see: Office Standard No. IDS, Bureau of Engineering, Storm Drain Design
Division, City of Los Angeles.

Hydraulic model tests indicate that the use of 3/4-inch spacers (Standard
Drawing No. 2-D 227) instead of I-inch spacers on gratin~ catch basins
will reduce the interception capacity by as much as five percent wher.
the grates are clean and completely covered with water. To account for
this factor and the possibi lity of debris clogging the grates, the reduction
in the interception capacity of grating basins shall be 15 percent.

Chart 0-14

The dotted irregularity on Chart 0-14 resu;ts from the hydraulic interference
of t~e H-Beam supporting the adjoining gratings.

Charts 0-20. 0-21 and 0-22

These charts indicate capaCities developed from experimental hydraulic
model studies, and may be used in determining the required length ('OW")
and/or the capacity (110.") of catch basin's of this type under various
va I ues of "0" and "'01" and are app I i cab I e on I y to cond it ions shown on the
corresponding .charts. Office Standard ~k>. 108. Bureau gf EnQineerinQ.
Storm Drain Design Division, City of los Angeles.

Hyd. Man.
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Notes and Assumptions continued.

Charts 0-13 to 0-26. inclusive

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

Hyd. Han.
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Page E-I

Sect: on E

P U H P S TAT ION DES I G N

The hydraulic design and operation of pump stations exclusive of discharge
lines shall conform to criteria set forth in the District's Pump Station
Des ign Han~ I.

Discharge lines shall be designed in accordance with criteria set forth
in this manual, specifically Section B, "Cri:eria for Hydraulic Design:
Closed Condu i t5" .

The District's Hydraulic Division wi II furnish or confi'rm the inflow
hydrographs to be used in designing pump stations and retention basins.
Outside agencies should use District methods and st,ndards in preparing
inflow hydrographs.

Hyd. Han.
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Section F

MIS eEL l A N E 0 U S

F-I Hydraulic Jump

F-1 . I loca t ion

If the water surface from a downstream control is computed unti I
critical depth is reached, and similarly the water surface from
an upstream control is computed until critical depth is reached,
a hydraulic jump wi II occur between these controls and the top of
the jump will be located at the point where pressure plus ~ntum.

calculated for upper and lower stages, are equal.

F-I .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 return flow
is observable.

a. For rectangular ch,nnels, the length of jump (l) for t~e

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

where OJ and 02 are the sequent depths.

o. For trapezoidal channels. the length of jump (Lj i~ given
by the following equation:

where t l • Width of water before jump
t2 • Width of water after jump.

Side Slope I l/ (02-01 )

2: I

I
~~.2

I: I 33.5
1/2: : 22.9

Vertical 6.9

Myel. "'an.
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F-2 Trashrack Heao loss

The head loss through a stationary trashrack can be det:nnined from the
following eQuation:

( V~)h rR = K,...t;1 29

An (An) 2
KrR =145-0.45 Ag - A g

where KTR Trashrack coefficient
An :: Net area through ~ars, in ft.2.
Ag :: Gross area of trashrack and supports (water area

without trashrack i" place), in ft. 2

Vn • Average velocity through the rack openings
(Q/An), in f.p.s.

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

F-) Side Channel Weirs

The Los Angeles District Corps of Engineers. as mentioned in Section C-2.5,
has developed a side channel spi 1lway inlet and may require this type
of structure for drains outletting into their facil ities. Their
procedure for designing a side channel spillway is as fol lows:

I. Set the tOP of that part of the main channel wall a.t the location
of the proposed spillway about 6 inches above the computed water
sl.Orface 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 equatio~, in
which the maximum value of H is not greater than one ana one-half
feet.

o
L=

CH~

where Q Discharge of side inlet. in c.f.s.
C z We i r cae f f i .: i e rl t

H • Jop:h of water over the crest of the side inlet.
in feet.
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F-3 Side Channel weirs co~:inued.

3. Determine the depth of flo~ in the approach s;ae channel at the
upstream end of the spillway.

4. Set the side channel invert elevation at the upstream end of the
s~il lway at an elevation below the spi I Iway crest a distance
eoual :0 the water depth as determined in 3., above, minus the
aS3umed head on the spi llway.

5. Set the side channel invert slope equal to the spi Ilway and the
~in 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 upstre~m end of the spillway. The disc~arge 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 3/2 , 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 tne point of intersection of this! ine and the main channel
wall.

8. If the length betw~e~ the assumed point at the upstream end of t~e

spi Ilway and this intersection poi~t is equal to the length
determined in 2., above, the angle a: the intersection indicates
the required convergence for the side chan~eJ.

9. From the final layout determine the width and recompute the water
surface in the side channel for the final design. The discharge
over each portion of the ~pi llway 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 d~sign of a side channel spillway, and to page F-28 for a typical
plan.

~-4 Pi~r Extensions

Pier extensions of a screamli~ed nature, as mentioned in Section C-Z.7. I,
should be used when heavy debris flow is anticipated.

"yd. Man.
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F-4 Pier Extensions continued.

In supercrit.icaJ flow the addition of a specified width to account for
the assumed amount of debris may result in impractical and costly
structures. In I ieu of assuming additional pier width for debris,
the use of streamline pier extensions should be investigated. Unless
an unusual quantity of debris is anticipated, it can be assumed that
the major portion of the debris will not cl ing to the pier extension.

Pier extensions should oe designed using the criteria indicated in the
f i gu re be low.

4· ... .;:... 4.·

fA
-------------:::;;.J---1

,...-A I I

\ I :
I :
I :O=O~pth
I : o/' /'Icw

I :
I :
I I

I I 4 ~.. 0.·

I O/? I 30/2 :10------ - -+--- - -- --- - - - - - - - ---- - - ---,

rLOW
•

~Ir:. ­r------ ----;r
I / / I
I /r I

:0/2 :
I I
I 1

I

SECTION ,4-A

Hyd. Man.



J)age

,he City·of Los Angeles

Thompson Equation

The Thompson Equation for junctions is described by the fol lowing:

I

f
r

-{ 7
e 'y'

OZ,V2,Az• (

where L1 y = Difference in hydraulic gr.dient for the.two end
sections, in feec.

= Average area, in feec2 • 1/6 (AI + 4Am + A2 ) or,
for practical use, 1/2 (AI + A2)

• Mean area of flow, in feet 2 .

The above equation is applicable only to prismoid~1 and circul~r conduits
or channels. The fric:ion force ~y be considered negl igible or can be
calcuiatec and :aken into account.

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

. .
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BTJJIAMJC "Y,!§IS or JQlMIORS
p... F-6

In the tolloviJac compUations:

eV- J tbe u:ait veight ot .....ter J bas been 0111tt.ed since it appears
in all tcu.

(2) The u-.pt1ol18 are lI&de that the cosine. of the im'ert slopes
equal uait7 am tbat the tangent. am sines of the t'rict.10n
alope. are equal.

tht g'Pm! emU'Mum equat.iop tor ,11 caB" 1, t

P2 + ~ = Pl + ~ + M) C08 Q + Pi + Pv - Pf

1ibc'e P1=h7drolrtatic preuure on section 1

P2 =bJdrostatic pressure on section 2

Pi =horizontal conzponeDt. of hydrostatic pressure on invert

P :: axial component of hydrostatic pressure on \I8llsw

Pf =retardat.ion force of friction
( 5, and Sz art! friction slopes- 5t!t: Kings J.Jdbk.)

M:t = IIIJIIeDtum of !lOving 11I&85 of vat.er enteriI3g
junct.ion at section 1

~ =a:lIDent.u!l: of !DOV1l:I8 III&lIS of vat.er les.viDg
junction at section 2

M3e-a Q =axial component of·!IIOIlleI1t.u:n of the moving
-... ot vater ezrt.er1%2g the junction at, section 3

~I

aa 1 J
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4P ~-4C:

4' h----!l2
.--- - -....j-229-..
;--L-

CD I -[-y-
O

) I Ta-
~11 I-;P:; I>i 2 •

'7)'y~
/~. \Y

"\

bzo-,'"P•. = .., z

\{aere A"1 = \oil! t.er area !.t section 3..

4

?1 =(~ : ~~ [D
l

+ (D2- 11.) (11, + 2b,) ]
~ 7 J (r,.+ b~)

(bz- ~) [~+ (u2- D1) (D1+21);) J
:3 D1+ D2)

Pr = L(al + 82) • (~~+ bzDz)
4

., ­-\/ -

Hyd. /'tan.



Where As= water area at
section 3

Q~

25.2 d22

M cos Q = {Qd)2 (oos.~)
J 2~ dl

tl _ '"111.1 d·2 (~_ ~
'1 - .,-- 1 ..... .2

P2 :: .784 di (Dr?)

CAS! 4. CIRCULAR CO!DVU mIDlR PKlsstlRI, PIPS mE:'

~2 rdroUI~
~ ::.2 - - _ - - - Grade

25.2 dl _.....,...-+-., __---,._
1 ' i r
(, O. OZd

,z

Hyd. -.n.
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CA.SE 5, CIRCQUR COrmon fLOWINC P!JtIIAT,IJ' m.L, PIPE mET

M; ~s Q = (Q2 - ~ )2 (COS ~)
25.2 d-/

C
..,

P1 = 1 al';

P2 = C2 d2J

For tabulated values of C and K, see Chart t~. ~-03

See Kifl9 "Hdbk of Hyd" , for A
J

• yand T

a'~T
-L~

I S USUALLY NEGLIGIBLE.

Hyd .. ""n.



=. 1::

"MIN fRQIIPlS
1. DeeiiD & tnD81~ oo:=ect.1D& & rect.aqular cM·el I~ t ..t. vide, dee1p

C8pee1t.y ot l600 c.t••• ad~ depth ot ;.0 t ..t., vith & rectaqW.ar
e

be
..1 1.6.5 t ..t. vide, dedp capac1t.7 ot 2SOO c.t.s. dd DCmal depth or

6.5 t_t.. n. .heerpd. O'lt.tall ot & 9'3- v1de b'f 4'6- deep box 1. located
1A tbe trua1t.1cm. on. aqle ot~ 1s ~.

Page F-l0

--r---...-----.-

Given:..
0,=1600 cfs
b. =15.0 ft
D. =5.0 ff
AI =75.0 sq. ft
VI : 21.3 fps

Determination of Length

-

02 =2500 cfs
bz=16.5 ft
O2 =6.5ft
At =107.3 sq. ft
Vz =23.3fps

2

Q,-- ,-+--..... ---,,,¥

PLAN

0,= 900ds
A! =41.6 sq. ft
v, =21.6 fps
e =30·
h =?
L = '1

Qz
--+=~--

L _~ (bz~b.) 10
- Sin e or 2 Which ever is greater.

EQ'n I

Eq'n 2

Eq'n 3

Eq'n 4

Eq'n 5

Eq'n 6

= ~~55 = IS. 5', .... Use 22'

Q~ 1600
2

M, = D, 0.9 =(15)(5.0)(32.2) :.1060

Q~ 2500
z

Mz= bz Ozg =(16.5)(6.5)(32.2) =1810

(Qz_QI)2 9002

M 3 cos e .. A
3

9 cos as (41.6)(32.2) .866 =523

2 z
P, = bk0,: (l5.0~{5.0}1tIS8

z z
P

z
: bzD2 = 06.5)(6.5) - 349

2 2-

Pi : b.+b2 [0 -t (D2-0,Hb,+2tn>!J(h)
2 I 3(b, +bz}

= 150+16.51- "" ( 6.5-5.0 ) (15.0+ 2(16.5»)-1 .
2 I 5.0 3 15.0+16.5 {h)=90.75h-



Eq'n 7

Eq'n 8

EQ'n 9

.p _ 0,+0 2 (h-b) fO (0z-o.Ho.+20t)]
w - 4 ""z' L ,+ 3(01 TD;)

= (5.0+6.5)(16.5-15.0) [5 0 + ( 6.5-5.0 ) ( 5.0+2 (6.5) ) ] =25
4 . 3 5.0+6.5

P
f

= L(s,+Sg)(b,Or'obA>z 22<.0141)(182.2):14.; ('1 IS USUALLY Nf:GL£Cn:DJ
,4 4

349+1810-188 + 1010+523+90. 75h+25-14

h =4.16' drop Invert through transition

Hyd, ~n.
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Backwater-'j

DcDz

&---~~~-­
PROFILE

0, ..

84"RCP

b2

Given:
Q, = 1400 cfs

b, = 15.0 ft
On= 6.6ft

h :I 2.5ft
0.= .,

Q%lII 2000 cfs

b z= 16.5 ft
Oz= 9.5ft

Az= 156.8sqft

vz = 12.8fps

Q3 :1 600 cfs

d
3
=8411 Rep -7.0 ft

A
3

:: 38.5 sq ft

vs:l 15.6 fps

e:: 45°

At section

Dc = =~271 =6;47'

At section 2 ! !
(2000l =~ '45"6 =7.70'

Dc :I (16.5)1(32.2) V"'t;;1Q

Since On) De for both sections, the flow is sub-critieal. Therefore

calculate upstream from seetion 2.

Eq'n

Eq'n 2

(1400)(1400) 4058
1II

(32.2)(150.) D.

2000
2

- 7
Mz • 06.5)(9.5)(32.2) - 95

..~ ..



• .,. II." 2. -u-.!• P_ge F-13

600
2

Eq'n 3 ~COS e =38.5(32.2) L7an =20~

Eq'n 4 P, 150 O~ 2= 2 =7.5 0,
z

Eq'n 5 P
2 = (I6.5)(9.5)~ 745

2

6 p. =05.0+16.5) (2 5) (9.5-0, ) ('5~0+2U6.~»)
.190+19.380,Eq'n I 2 . 0,+ 3 I 5.0+16.5

Eq'n 7
I .

Pw = 4'(O,+9.5HI6.5-15.0} O . (9.5- 0, \ (0,+2l9.5)) z
IT\;: 3 1 0 t9 5 =0.2500,+2.370,+23

I .

Eq'n 6 Pf is neglected in this exmple.

Eq'n 9 Pz+ flY P,T M,T M,COI e + Pj+ PwPf

745 +79S. 7.5 o~+ 40~8 +- 206 +190+19.380,+.2S0D~t2.370,+23-0

7.7500~+400~8 + 21. 750, =1121

By trial and error

O. • 7.5, 436 +541 + 163 :: 1140

0, :: 7.2, 402+564+154 =11 20

There10re the depth at section 1 will be 7.2'

Hyd....n.



3. REVIEW OF

PARTIALLY

TRANSITION IN CIRCULAR CONDUIT FLOWING

FULL, PIPE INLET. (See Summary, Pg.4)

hi

=.tr~~ ai
~....J....:...4~ U 02

h
T- .... ---

0~:--L--

Q t I
~d

I I

Given:

d, :: 66" 0, =200cts 5,-.004 h -0.5
1 0, ~ ?

d~ =72" ea-250cfs 52 =.0036 Oz-4.83

d,= 30" °3-S0cts e =30· L =10'

At Section 2: Dc =4.33 On =4.83. At Seetton I: Dc- 3.96 On- 4.25

Since On> Dc for

calculate

both sections.

upstream from

flow is sub- critical.

Section 2.

Therefore

~ +MJ • PI +M, +M3 cos e +Pj +Pw- Pf

J

M,= KI(Qd = 1322 K
(d, )2 ,

Eq'n 2
z

Mz=Kf~~ :: 79.6

z
-(Q.-Q,)

Eq'n 3 Mscos e- 25.2(d~Z cos e =13.8



P~gc F-15

Example Problem 3, continued
3

Eq'n 5 Pz =Cz d:z =53.5

p. = 0
I

, 2

T (h ) (1: T) . . ·f·erm 12 Z- I .... Ins'gn, lcant

Eq1n 8 P - U S,+Sz.) (A +A )
f- 4 1:Z

By Trial and Error .

and may be neglected.

0, O,/d l M1 Pr p. (-Ff ) L

4.51 .82 59.5 43.0 14.8 -0.8 1i6.5

4.73 .86 57.2 47. 7 15.2 -0.8 119.3 Check
""

,.

Thereto,e Or will be 4.73'
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Examole Problem

Detenmination of Water Surface Profile

Given:-
"Q'S", invert slopes, and conduit sizes for the various reaches as indicated
on page F-19,and a downstream water surface control of 66.55 feet.

Solution:

Calculate the critical and nonmal depths for each reach in order to
determine the correct direction of profile calculation. If D is greater
than On' calculations should proceed downstream. If Dc is le~s than On'
calculations should proceed upstream. The results are tabulated as follows:

0 Oc=(Q¥D}) v., K/= nO [)/7/iJ On ConTI: Oirt!dlDn
If'~och S~cf;on

cFs ~f. b'1j5Yz Tt7iJ/e 7-/1 Ff. .5r(7. o~ Colc.
King's

~

~ZZ 5.30. Q4!JtJ Q75 '75 00/00 {/psir.I !1'<J*w1'4'-~N

2 II II 1/ 0.20/ a.J8 3.42 4';9~ OW/J.1ir.

.5 1/ II I / 0.4"9 0.7/ ~3.9 1/ UpSTr.

4 1/ ~O..9 5.22 0.4.59 0. 70 ih".JO 5~4~ (/pST";
CJ

0775 107 ~J6 //~~4 {/ps-lr..5 ~-9"Wr7!.O·}I
II 532

Tne standard step method is used for determining open channel water surface
profi les, and it is calculated by assuming a flow depth at the station
where the flow depth is to be determined. The energy gradient at this
station is calculated by two independent procedures as follows:

I. Add the assumed velocity head to the assumed flow depth.

Z. Calculate the friction head loss based on the average friction slope
between the stations under consideration. The energy gradient at the
station where the flow depth is known should be increaSed or
decreased by this head 105S depending on the direction of profi Ie
calculation.

Hyd. Han.
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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 C. I feet or less.

I~ Reach 3, D~ is greater than 0 , and therefore the profi!e calculation
should proceed upstream from theCcontrol poin: at Station 4 + 96.
(See page F- I9 . )

At Station 5 + 46 inflow occurs and a junc:ion 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):

CC$ ebol '7' ol = Dol.,. Ql ~ 0/
2 002 9 2 00/17 A4 9

(.9)(5.B)2.,. . ,1i22)2 = !Jol ~ (IiO$}Z

Z (!J)(5.B)(.J2.2) Z (fJ)(-'Z2)f)/

/5/.4'" 2.Jo.2 =4.542 ~ /'27.9.4'; O.~
0/

4. 5 1)/ - 38/. 01)/ .,. /, 27.9." ;: 0

By tri~1 and error, 01 - 6.2 feet.

'7' (/~)2(.707)

(6.28)(-'Z2)

Tabled values of 0 and 0 indicate that the profi Ie calcula:ion should
proceed upstream i~ Reachis 4 and 5. (See page F-2l for computations.)
Since flow in tne conduit becomes sealed somewhere in the curve in
Reach 5, pressure flow is· assumed for t~e length of the curve and the
remainder of the reach, in lieu of a superelevated open channel water
surfa::e.

Hyd. Man.
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Example Problem Water Surface Profile continued.

In Reach 2, 0 is less than 0 , and therefore the profi Ie calculation
should procee~ downstream fr~ the control point at Station 4 + 96.
When critical depth is reached at Station 0 + 87, calculations are
init(ilted at the next downstream control point which is the outlet.
In Reach I, 0 is greilter than Dc, and therefore the profile
calculation s~ould proceed upstream until critical depth is reached
at Station 3 + 23. Between Stations 0 + 87 and 3 + 23, there are
two illeernate stages of flow and the necessary conditions to produce a
hydraulic jump. The exact location of the jump is usually not required
but can oe determined by equating pressure plus momentum for upper and
lower stages as indicated in the following diagram:

~20

.5ra. 2-1>/2

4/0
Top -o-7J~;';p-"'"

....
.... ....

~
....

(/pper stege
,. 400

ct
3!10

380

201'00 3"'00

.5TAT/ON

The location of the hydraulic jump also can be determined from a plot of
sequent depths, Curve C8, superimposed upon the lower stage, AB, and the
upper stage, DE, water surface profi les. The length of jump (Lj) as
determined from Section F-I.2, is laid parallel to tne channel invert to
intersect the plot at F and the profile at G, locating the toe and the
cop of the jump, resoectively. (See the diagraM oelow.)

Hyd. !"'~n.



P
age

F
-19

,..~~
.

I
~
"
)

I
'-''F

I
•

"
feb

-
~
~

~~
l::

11\1
Ill,

.1

~
~I

CQ
\b

lie
~

:t" •~<:).&
~

0
\

...C'
'tR"
)

~
II)

~
~
~
~

"
G
~
I
I

\.I

t
0

\
"

...."
~

0
II

"
•

+",..//
Q
:
~
~

~

I
,--------

\
H
~
2
:
'
/

I
'\

\

~
c
Q

'
...

I~
-olf'

8
~
'
\

•l
I!

i
.-

I
I

,"
,

'\
y

t
"

"
0,

o
o
+
~
/

,
,
"

1
:'..

,

~
,

H
yd

.
H

an.



•• ..~. ~.... "'IJf' JI / ( £1 I.) ltl
• -oil' '-r 00420 ~~ '01166 £. 6; £/ev. IJ ob Q,ir~d ~ o,//,'J. Ju;,(. IV n
:z Ol.~ I 00492 .82 .01410 I / J /.j J +- / ..,
~ Ol~ I OO~71 . 2 .01821 I1f QII "'- t# (Trn., ~L UH/L;- co/In.. " E.G. E!(v. ,
• 01- '806~6 .830 .02623 N
_~:-=-:-~~.~01~6~~.;.:O~74~6=-=-~~=",=,~,;,,;;3!l~~~036;:.,.....:70:....- ,.....- O.......,

~-

. LOS ANGELES COUNTY fLOOD CONTROL DISTRICT S=Chonnel Slope E=D t H" Sheet of__
Water Surface Computation Sheet ,2~rJ H [1]2 2 -*' -ilL Calc DoteS, ..!.1JL- or ~ X H,,· I L"~ .----

Project E~tI",,t1e Probl~", . I R4/3 K' 9 S- 'av. Check_Date__
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2~n2 2~
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01200420 020 01/66
013 .00492022 .01410
014 00:111 025 01821
Ol~ 001)56 83002623
()I(i 00746 . 35 03510

LOS ANGELES COUNTY FLOOD CONTROL DISTRICT 2 S=Channel Slope, E:D tHy Sheet of__
_____ ~c:I~_r__~urtoce Compulation Sheet S J£9.n21.Hlt- or[-hl X2 H

v
=:1!:.. I L= AE Colc __Dole__

. Exam Ie Problem ' T2.2Tl R4/3 K I 2g S- Slav, Check__Dote__
Project _ -"- --'L!!!!.--- --- (\n ~ o/ut hE - LIS S J

X =.l:!(s/J: dt,'3 n:~ u - - fa. Ref.Reoch __ .. _. ..._. , .__.. b

Stolion Invt:fI ! WS ' Hv E.G. W.p. R R4/3 Sf I E I E.G,Jfl*
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Examp Ie Prob lem

Design of Straight Contraction

Design a straight contraction ~onnecting two rectangular channels 12 feet
and 6 feet wide, respectively. The discharge through the contraction is
ZOO cfs and the depth of the approach flow is 0.70 feet. Refer to
Chart C-20.

AI D 12 x 0.70 • 8.4 feet 2

VI • Q/A
l

• 200/8.4 • 23.8 f.p.s.

F) - VII ~ - 23.81 J32.2 x 0.7 • 5.01

Arbitrarily selecting a depth ratio d3/d l • 2, the continuity equation will

give F
3

= 3.54. This value should be considerably grea:er than 1.0.

Estimating e - 15°, and given FI - 5.01, Chart C-20 indicates that

By analogy, where FI : FZ as F2 : F) and dZ/d l : d3/d2 , Chart C-ZO indicates

that for the same e and FZ-2·.8, F
3
-I.n and d/d2-1.8.

with the assumed value of 2.

After several trials, e • 5°. For this angle and F t = 5.01. the diagram

d
3

• 2.D) x 0.70 ~ 1.42 ft.

91-83 Iz-6
L • !tine - 2ta~5° = 34.3 ft.

liyc. Man.
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::x~mc Ie PrOD I em

Maximum Death for C~annel With areak in Slooe

The problem is to de:ermine :he ~aximum ~epth of witer in ! channel due
to a breaK in slope. ;l.efer to Charts C-30, C-3: and C-32.-

Given:

Ups:ream reaeh:

Oownstieam reach: L-3350 o .. j ~~In ... ~-. ~.

(n ) .. Maximum value or h =n + 2.58 Oh
ma x ma x max rt\ax ma x

/'teeMod I

At t~e downstream ~na of :~e 5 2 .10 reacM:
:J

LI 0 .. 2400, h I 0 .. 1. 6, ~ .. 1. 6 f ~ -
. n max n max

h I'J '" 18 ("" ). ;: 1.£l~Z.S8(O.18)"2.06 ft.a max n • • . 'max max

At tne upstream e~d of :he So • .0392 reac~:

~'Tlax/On.I.6/1.37.1.17. ""r.ic~ corresponds to L/Cn-2500

UO -3600n

I/O -2500+2440- 4940,; /0.1.50.
- n :TI4IX n

h -1.58xl.37-2.lo f:.
max

L/) .3600+24~O.o040. h I~ ·.2~.
:'1 max ~

:~yd. ~ar.·

'.
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Ex~~le ?roclem Maximum Depth continued.

Method 2
2400 3350

Average So .. 5750 x .10 + me x .0392 ... 06~5

. EQuivalent a - (0.10/.0645)1/3 x I.J ~ 1.16 ft.
:"'I

EQuivalent F .. (.0645/.10)1/2 x 5.& .. 4.5

Thereror., use curves for So ... 08429

L/On .. 5750/1.16 .. 4950, hmax/Cn .. 2.06,

ii .. 1.16 x 2.06 .. 2.39 ft.,a n
m /0 • 27max ax n . ,

0"1'1 :II I. 16 x .27 .. .31 ft.max

Me~"od 3

L :II 5750 Fe., F .. 5.6, On" 1.0 ft.

L/On ,. 5750, nmaxlDn • 2.55, nmax .. 2.5~ ft.

CT n / a .. . 36, (n ) .. 3. 1+8 ft.
max :'l max max

L." 57S0.ft., F. 3.;, On" 1.37 ft.

L/C:,,: ,. 5750/1.37 :II 4200, ~ 10 • 1.1+8,max n

M :II 2.03 F~., CTh 10 :II .J;;, O'h :II 21max max n max . ,

.. -. ~.

~ei9n:~d averages:

Ft .

3350
• 5750 x Z.03 .. ,.24 fe.

3350
3.~a • 5750 x 1.50 .. ,.95.;;.,,;,,;:..:......;...;.~

2400
;- .. 5750 x 2.55max

2400
(!'l-nax) max ..~ x



P~ge F-25

Example Problem

Side Ch~nnel Spillway Inlet

Side Channel (Given O~ta)

Q • 700 c. f. s . Rec~. Chan. b = 10' Slope z: .0900 d • 3.12'

CH3/2 .. (3.087)(1.5)3/2 .. 5.7

Maln Channel (Given Data)

Sf ... 01656

Sp i Ilway Length

L· QeM 312

L = 700 c.f.s. • 140'
5 c.f.s./ft.

Us e 5 c. f. s .1ft.

Try L = 150' to assure disc~arge of total Q

Spillway Wall Height

depth of flow. d c 3.12'
Max. head on spi llway. H == 1.50 I

lola II ht. ... 3. 12' - I. SO' • 1.62'

Determination of Spillway Channel Widths

USing the spillway length detennined above. the overflow spillway is
laid out (see page F-26) using widths detennined by trial. Upon completing
the layout, the spillway widths at 20-foot intervals are taken from the
drawing ar.d 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 problem.)

Hyd. ).ian.
f
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SIDE CHANNEL SPI LLWAY INLET CALCULATION SHEET Page F-27

I IS.' INVERT SLOPE ( O,n )'
d 'DEPTH OF FLOW '10 SI[)£ CHAHHEL dE' dLlS. - S,) PROJECT SAII"'-E nrOl1LEIII

Q' roo n & ,0/4
Sf; 1..86 ARtlJ--- --- EG'd'~: H .. " HEAD ON WElft Ii"" DATE '_1_7SCALCUlATEO BY

STATION SECTION d A V' E.G. WP. RtfS S. - S, GL dE
CHECl< FLOW OUT DESIRED ACTUAL

zt Sf S. E.G. H.
0,' tll."-.III Q.

a,!.
Q.

.0900

1 + 50 ~ 3.12 S/.2 7.60 /0.92 16.24 .01660 /0.9Z - - roo
-_.- 1--------. -- -- -- I--.

I'; $0 ~,..,. ~,12 J/.2 r 110 10.92 I., '4 /65 .OIG"" /0.9Z /.50 - roo - roo

.01707 .0/6S6 - .0005/ ro -.0/ /.50 114

/. JO I .:•.•. , ".,' J.l2 26.115 r.711 /0.90 13.14 1.$9 0lT7 1O." 600 '/4 56.

--
,01401 .0/6.16 - .002-'-' 20 -.0-' 1.4J /06

1 "'0 '.:7'.14' . '.•" S.O-' 2/.110 7110 /0.6-' lI,t" 2.50 .010J2 /0.6-' ••4 .6 460

.0/119/ .0/6.1(; - .OOOS-' 20 -.0/ /.JO 92

o. 90 1·=.1·,·, e I,." 2.92 /6.6-' 7.9S /0.6-' /0..12 /.J9 02S-'0 10.•• SilO -8 S.6

.O~JO ,Ol6.itf - .00.74 20 -.16 /.r6 90, -
O' 70 1.:4,4.1' e ,. f~' 2.90 ,z,90 7.r5 /0.6-' 8!" /.rll .02710 'O.~6 2•• -/0 296

.OS045 .0/656 - .O/J/I/I 20 -.S6 /.27 /19

0.50 ~/.~' 2./19 9.06 T.4. /0.3-' 7.6-' /./2 .OJJII 10.S. ". -II Z09

- .0/940 /.27 2:'/_._. --0'00 ENO OF H'CIIf O' O.OIl7} (50}fI. 27"/'-- _______ ------- ... 0 - O'
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0,' FLOW OUT OF SIDE CHANNEL 0,' r'IFFERENCE BETWEEN ACTUAL AND OESIRED FLOW IN SlOE CHANNEL

at' DESIRED FLOW IN SlOE CHANNEL 0.' tCTUAL FLOW IN SlOE CHANNEL

~ --
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Isub-~ 10tal ~ .. '''''\ G'ead1'Sab-~

D 46 to
(\ . (1.) 45 10

1) 10 lOS
('1. 1.(3) .

,~liS
3) SO "15

(~I'" ~'5 1.u)

Page F-28

No 5e:::o1e

Lf:'Gf::N 0
$4 Ma~r Dtoin1qe Ar«J ~u

_ •.. _ N'ain~ne -=Ul>On:l~ ;\r~

~...ie'S .
_____ Caicl'1 &-sin Sub.Drainr:Jqe i\rea

f3oun::::Icrie~

- F-\ow f"ath___ Ma&nHne

•• Out\et
~. Catc.h Basin'So Mainline Sub.Drai~ ~~

Numberso G::rl'ch &~,n 5ub-Dr-ai~
A.rea Num~

•• Pn:N~ b'1 L.A..Co .f':C.D. H~drau\ic Diy.

CATCH e>A.S\N H""~L.a5"'·

T - (P - ...

C.O.~b
A~) Qf/A:, Q OH

D=inMa.t1 ~f.~.j/lQe) (<;..f.s.)
40 1.5 I::; '-0

5 loS i: 1.S
r~1 15 L5 I: '22.'5
Il'a \0 1.5 Is \5

Los Angeles County

F1oed Con t ro 1 0 is t ric t

EXAMPLE CATCH BASIN
HYDROLOCY PROBLEM

• See D-l
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LEVEE CRITERIA

The following criteria is for the desisn of levee I inings placed in or
adjacent to natural watercourses that are to be approved or maintained
by the District. The designer is given the choice of a nwmber of materials
to provide flexible or rigid' inings. It is up to the designer to
determine the most appropriate and economical material for his particular
locaticn.

Flow Velocities

The anticipated maximum flow velocity restricts the type of material
that can be used and determines the str~ctural requirements of the
I ining. The cesigner is required to submit engineeri~g calculations
which show the maximum expected flow velocity attacking or flow;ng
adjacent to the levee. This velocity is used to determine the
cutoff depth, levee thickness, and rock size.

The following criteria permits the design of a levee 1i~ing 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 str~ctures in the natural
watercourse. to red~ce the velocity.

Levee C~toff Depths

All levee lini~gs must extend below the giade of the ~atural watercourse
to the depth indicated iri the table for cutoff depths of this criteria.
The only exception to this will be in the case of roc~ ~ip-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 rou9h~ess of banks. The criteria for t~e 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 natura) bank at an angle of
30 degrees, a pe~pendicular distance of not less than fo~r fe~t. or
in lieu thereof a four-foot cutoff wal I.

Hyd. Man.
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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 noles, 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 mini.um 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 Contraetor 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
fi I ter design.

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

Hyd. /'I.an.
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LEVEE CR ITERI A

Cu t-Off Depths

Velocities Stra i gh t Reaches "'Curved Reach

0 - 6 f.p.s. 6-ft. 9-ft.

6 - 10 f.p.s. 8-ft. 12- fe.

10 - 15 f.p.s. IO-Ft. IS-ft.

!

15 - 18 f.p.s. 12.S ft. 18-f t.

18 - 20 f .p.s. 14 ft. 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 Struc:ural Requirements

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

Levee ThicKness - T

Velocities Stra ight Reach Curved Reach Reinforcing

0 - 10 f.p.s. 6-incl'! a-inch #4 ~ ~all 80thways

10 - 20 f.p.s. 8-inch 10-inch ;;4 @ IS" 80thways

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

Levee Thickness - T
Veiocities Straight Reach Curved Reach Reinforcing

0 - 10 f.p.s. 8-inch IO-inch #4 @ 18" Bothways

Gunite levees root permi tted where velocities exceed 10 f. p. s.

Hyd. i~an.



Page F-32 LEVEE CRITERIA

Material and Structural Requirements

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

(Ungrouted)

Rock Size Levee Thickness - T Fi Iter
Veloc it ies (050 Size) Straight Reach Curved Reach Thickness

(10")
i

o - 7 f.p.s. 50 lb. 15-inch 20-inch 6-incn I

7 - 9 f.p.s. 100 lb. (12") 18-inch 21t-inch 6-inch I
10 f. p. s. 150 1b. (15") 23-inch 30-i nch 9- inch

I
I

11 f. p. s. 300 1b. (18") 27-inch 36-inch 9-inch

12 f.p.s. I 1/4-ton (21") 32-inch 42-inch 9-inch I

13 f.p.s. 1/Z-ton (27") 41-inch 54- i r.ch 12-inch I
13 - 15 f. p. s. 1- ton (34" ) 51-inch 68-inch 12-inch I
16 - 175 f.p.s. 2-ton (43") 65-inch 86-inch 12-ir:ch

I

18 - 20 f.p.s. 4-ton (54") 81-inch 108-inch 12-i nch I

(Grouted) Can be used only with special District approval i
16 - 20 f.p.s. I-ton ()4") 51-inch 68-inch 12-inch I

Gabien Levees (2:1 side slopes)

Levee Thickness
(Straight or Wire Gage

Velocities Curved Reach) Rockf ill of Baskets Apron Length

0 - 7 f.p.s. 12-inch Baskets 4" - 8" 12 ga. 12 feet

8 - 10 f. p. s. IS-inch Baskets 4" - 8" 11 gao 18 feet

11 - 15 f. p. s. l8-inch Saskets 4" - 8" 11 ga. 21 feet

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

Hyd. Man.
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LEVEE CRITERIA

Material and Struc:ural ReQuirements

Rock Rip-Rap Gradation

--- ---..- -.--+.---t--~--__f--
0-5:

---- f-._- I--·---t----+----lf---_+_--

~ Z TOr:l
01
I:l
~ .------L.--.....,f----+---
~ -'-_T...;;,o-'C1 +Q~"'5~-_I....;O;..;O~~5...;;,0--_1 o~o
l-
e.! --------L....--+---+---t_~-:::-_+_--__t--......;..t_--_+--___if_~
~ 1/2 Ton ~5-1 00 50-100 '0-5

050=' 4 Ton 2 Ton I Ton 1/2~ 1/4Ton 300# 150~ 100# 50#
III ,.... . . I:: ~::.:::.rl~r--~":'-.-~='-r--';;":';';-'T"""--

-= :8 T.::.o::.11---,..-+...-:;O;..-..::S~--~+- +-_-+--;--_.t_...;,..... ;--
~ ~---,--+-~---:.-~-~~-t-.---t----t--.-t----t----+---._+_---+--,.-
~:4 Tom 50-1~0 0-5 I
~

I:l
...J '-- +.__........ +- .. __. . ;- ;--_.-.t----+----+ ---+__

15-100 50-100 0-5--- --._-_.

50-100 0-;

- -------t----f_--+---r-.~:__+_--+_-
95-JOC 0-5

._--_ •._--

:200#

~ .------:--------....L..---+---~--_+_~_=_+----t_--_+--___if_-
N 1/4 Ton Iq;,.IOO 50-IDe 0-5-- - - -----+L-!~~.J.._..L~~J_;_~=---f_--~--4_--+_-

~-----g 300#.
0:'

....

~ 150#
.-.- --- "-' --- - .----...--t--.-+---.+----+---+_-

95-. 100 50-100---.... - ---- ... ---.--- ..- -t-~

: 100# SO-iOO 0-5

.. _...- ..--.. -.-..,.--.-.;.-------+__--+--~--__f--
95-100..._- _._-----------+=:.::-~:...;:.;----+.....,..._.-+---

----- _-.. '-'-'''---''-- ---
2..~._. 95-100 50-10C-, ....• -_ ......_. ,---~:::......:...=..:~=--:...~--

...... - .. ---------------.l-_-~~"':"":"'+..--;
95-100- .... ---.---. --.-;..----t....:;;.;;--t--25#

....;;.:~---------_. __.._-

__---:.......l...__• •....L....~.......__•_____: __"_ --:

Filter Material
The following criteria is to be met when selecting the filter blanket
materi al:

DIS f i Iter
085 base < S < DIS :i Iter < 40 >

015 case
050 filter
050 case

and 015 rip rap < S <
085 filter

01 5 r i e ra p <40 >
DIS filter

050 rip rap
eso filter

Base refers to the material underlying the filter, tne nat~ral bank
material.

015 fer example refe,5 to the is per cent ;ize of the material and 50
forth ror the other values; 050 and 085.

H'/e:. Man.
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L£ VEE C-R I T E R I A

TYPICAL GUNITE OR CONCRETE LEVEE SECTION

r
I

~Z' For incermediaces
: 4'For ends 0/ ! t!Vt!t!
I'"'--"'- I

: IZ" :---...

Max.flood scaq~

=e:~

SECTION A- A

TYPICAL GASION LEVEE SECTION

Max. .tlood stagi!-....::....-_-----:47

I I
I I
r I

~--~~C~~J5[1.s..t..IJ. ~
f'~r table

I

"-__ Exist. s cream be_d__-,y,--_

'!..'t-,'

~lf/
:'(, '';..f,

~~/~
~'J,' '(;

t:,'~,'( ,,-All baskets co be cit!c 6geche.­
/ per manufactures /nst.-uctions,

I
I

~:
---:-53' x 3' Counterfort

___I ca.$)t;~c

I I
I ~I I---------

SECTION B -8
:-lyd. Ma~.



LEVEE CRITERIA

TYPICAL ROCK RI P - RAP LEVEE SECTIONS

Page F-35

~------jg.!------- ·gln-\
: Access rd.: ~ '4
I I ~:~
: :. I

I I I
..--c::::=======t~7"JC~-~-~-~--~-::--_-_--,-r-- Max.!Iood 5 cCge------ Z!$r" ::.-----

Exist:.
NoCt!:

Cas. A is to be u.$ed
unless (Jrouna wacer
maJ:tI$ Ii: drliicul ceo
excavate b"Iow scream
b~d.

CASE A

I
'1

lS' C:,
Io-c----------------~ '..,
I ACC~$.$ rd.: ~lcQ
: I - I
I -, ~:l&..;

..-1:'==========::::l'rn~--------I

CASE B

Mezx. f't:u:1d stags---- sqpz-------

Ex.ist. scnram Md
~~-..;;;.;. .. l--r

~: i
<..R.:&~ .__'7""'a"~-+,.....-;--I

'tor~""'UlooJ ..... I

1«):r-.:
.........~::5!-~.n...Jo"D~- __ ::1

, I

:Cue-oIl:
: dt!pth :--------per tahle +3'

Hyd. Man.



LEVEE CR I TER I A
Page F-36

TYPICAL SECTION AT SCOUR GAGES

/
/

All holil6 baclr..fillild
with celor~drock.s!_-

* f/(QcJ:. 1:0 be Yz'" - / Y~II wich a
color I:hal: is distinctly
di.t.ttlr.nt than chtl surrounding
i77al:~rial.

·-Elevation
,/ ('As a~iltJ),,

/2'1 Dio.
.{f;pl;a/J

-----------
---------------

i ~OJ iso' J'
~----- - --------4------- -- -----

The !4.s ~uilt' eleval:ion of thtl cop of ilach Scour ~a9'e is co be
accural:ely survt:y.d and r.ccrd6d on cht: 'AS ~ui!t I drawings.

Hyd ..",an.



LEVEE CRI TE RI A
Page F-37
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NOTE:
Mcnho/~ cov~r

5ho(./10' hcw~ grofes

where so. slope of conduit

Sf • friction slope of larger conduit

d
1

• dia-eter or depth of larger conduit

VI • velocity in l.rger conduit flowing full

d2 • dl ...ter ~r depth of smaller conduit

V2 • velocity in smaller conduit flowing full

, hm • other losses occuring between the
transition and the grade break such
as bend and confluence losses

0"2 =7tJ"= 1i.5'
A z =33. It! ~'l.,t"r.

Vz =12 0 ,t'p ~

v. 219 = 2.24'

EXAMPLE PR08LEM

0= 400C~5

cr/ ="4"· 7'
AI =3tJ. 4.9 .sq. ,t'1.
VI =IO'4~P5

v:Z;9 a I~'"
50=·00474
5.,t'=.OO.J95

L - 65 - 70 -1'1./ (2. 24 -/~8) - /47
- .00474-.00395- Los Angeles County Flood Control Distric:

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

ISTREt7 CAPACITY CIiARTSI

The Street Capacity Charts 0-01 to 0-08 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> .

Manning§ n

Curb to curb "n "= .0/5

Curb 10 R/W -n" :: .O/~

"5 - • slreel slope

w

o~

0-09
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Los Angeles Coun:y Flocd Control District

Page G-3!

CAPACITIES
DRIVEWAY TYPE

FOR C. B. NO.8

CATCH BASIN
CURB OPENING

TO BE USED
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CATCH BASIN CAPACITIES
CURB OPENING DRIVEWAY TYPE

TO BE USED FOR C.8. NO.8

Los Angeles County Flood Control District
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SUMP FORMULA

A:: AREA OF OPENING (W x 0.656l.
W:: LENGTH (FEET) OF CATCH BASIN

OPENING
D= DEPTH (FEET) OF FLOW ABOVE

NORMAL GUTTER GRADE
8" NORMAL C.F. 9"C.F AT C.B.
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D:: DEPTH OF FLOW (FT.) ABOVE NORMAL GUTTE R GRADE

Los Angeles County Floo~ Control District

CATCH BASIN CAPACITIES
FOR SUMP CONDITION
TO BE USED FOR C. B. NOS. 1.2 a 3
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Los Angeles County Flood Control District
LENGTH (FEET)

o 25 50 75 100 125 150 175 ,

DESIGN OF SPUN CONCRETE

CONNECTOR PIPES FLOWING FULL

Pa9 e G- 1+

~---

/"
".

.,/

>/
/

/

I
"

//
------,I

/
~

/
/""/

/'"
}Y

,
V ~

,...,......

1/ ~
.",,-

.'y

/"
V ---/ ~

io-"""

/ 'l.~~

V
V"

/ -------/'
~
~

1/ .,

~

V ~
.--

,~-~ - - - ~
1/ .",.

..

~
/ .--

V ~
~

IV ~g:....~

~ ~---~
" .--

,...,..........

1/
~
~ ---./ ---~V ~

..--
~.....

l~
....

15

50

20

'n
30~

35 "'"

40 "'"

""
60

70

eo
90

100

Free water surface
I.......,.:;-----:---+--'-

~Hyd. grade line

Storm Drain

5.0

EXAMPLE
3.0 H=I.O, 0=20, L=125

USE 0=27"
3.5

4.0

2.5

6.0

2.0

7.0

8.0

9.0

10.0

Catch
Basin

H

E
0.5

0.6 Q
3I

~ 0.7
Ah;H

0.8
Q: 4,-.

.)1.2 + 09i'L0.9 0 5

"" I.a 6

""""
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a 25 50 75 100 125 150 115
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los Angeles County Flood Control Olstrlct ShL._oL_
lCatch Bosin Calculation SheejJ

PROJECT CALCULATED BY

DESIGN FREQUENCY DATE -
FLOW DIAGRAM Drain Q Cop. of Guller C.B. Con~eclor_Pi~_. __. V

(Indicate streel slopes)
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los Angeles County flood Control District

C·- ---------.----------.---\
FACTORS Jo'UH CIRCULAR COIIDUITS nOWI~ PAR'rLY FULL

_.__ .-~--------_ ...._---------
D = depLh 01' \.JlItElr
J =dlumeler 01' conduit TlI~ul8ted .V01 ues

K=momentum C = PreUYt~ Jo' =Ve10clli lIead
(Vd)2 d3 (Q/<l2 )2

. -.- ., ..._-- .0- . .. ._~ ---_._.......... _._----_.- ._------.-..---------.----- -----_. --r---'" ...------. _..
Q K C r ~ K G ~. !l K C \.' Q K C F
II J <I d._---_._-- .--- --- ----_._--- -- ----_.

.no CO .0000 00 .~5 .2026 .0157 0.659 .50 .0792 .000JJ .1007 •'15 .0/,92 .2121 .0389

.01 23.91<,) .0000 91AtL .26 .1916 .0173 0.5~ .51 .0773 .OM73 .0958 .76 .0/,85 .2185 .0319

.02 8./.03 .0000 lUI,. .27 .1817 .0190 0.530 .52 .0753 .0)14 .0912 .77 .0/.79 .221.9 .0369

.OJ 1•• 507 .0001 326. .28 .1727 .0207 0.1.79 .53 .0736 .0956 .0869 .'18 .0/,73 .231/, .0359

.0/, 2.961 .0002 11,0.9 .29 .16/,5 .0226 0.1.35 .54 .0'119 .0998 .0829 .79 .OM>7 .23BO .OJ51

.05 2.115 .0003 71.9 .30 .15t!) .0255 0.395 .55 .0703 .101.2 .0'193 .80 .0/.62 .2/.1.7 .031,2

.0(, 1.l,:,W .0005 1,2.1 .31 .1L,l» .0266 0.361 .56 .0607 .1087 .0758 .Bl .01/i6 •2515 .OJJ/•

.07 1.2tJ~ .0007 26.5 • )2 .1I.J5 .0287 0.3Jl .57 .06'12 .11.33 .0726 .82 .0451 .258/• .0327

.011 1.0'j~ .0010 17.97 • Jj .1376 .0301) 0.304 .58 •0658 .11'7<) .0(f)6 .83 .01,1.6 .26')3 .OJ20

.(1-) O.HUH .UOl J 12.68 • JL, .1320 .0332 0.280 .59 .'0645 .1227 .066~ .8/, .0M.l .2'12.3 .0313

.10 0.'160 .001? 9.28 Jr.: .1269 .0356 0.259 .60 .06)2 .1276 .06/.1 .85 .01. 3'7 .279/. .0JO'7• :>

.11 0.6(>:.1 .00:.11 7.03 .36 .1221 .0381 0.2/.0 .61 .0620 .1326 .06.17 .l.l6 .0/.33 .2865 .0)01

.12 0.58? •()()26 5.1,5 • J7 .1177 .01,07 0.22:.! .62 .()60~ .1376 .05<)1. .87 .01.29 .2938 .0295.n O.5H\ .0032 ". )1 • jU .1135 .01.31. 0.207 .6) .0597 .11.28 .0572 .UU .0/.25 .3011 .02l)0
• ) I, 0./.&6 .0038 ).1,8 .39 .1096 .0462 .19)1 .64 .0586 .Hl.l1 .0551 .89 .0/,21 .308/, .02851t- O."~l .00/,5 2.l:/, .1,0 .1060 .01.91 .1804 .65 .0575 .153/, .0532 .90 .0/,] 8 . J150 .0280• :J
.HI O. J8) .0053 2.)G .1,1 .1026 .0520 .1600 .66 .0565 .1589 .0)1 " .<)1 .U.I,:lI, .)2 J:J .0276
.1'1 O. j~1 .0061 1.982 ./.2 .0993 .0551 .1585 .67 .0559 .1641. .0/,<)6 .Y2 .00,ll .D08 .U272.W U. J~/, .00'10 1.681 •/, 3 .0963 .058) .1I.a<) .613 .05/,'1 .1700 .0/.HO .93 .U/,oll • J.J8/, .0266
•)9 o.~)<) .00130 1 .1, JtJ ././. .093/. .0616 .11,02 .fF) .0538 .1758 .0/.65 .91• .0/,06 .31.60 .0265
.20 o.;au .0(1)) ] •2/,2 ./.5 .0907 .0650 ,1 )21 .70 .0530 .1816 .0/.50 .95 .0/,OJ .J5J7 .0261
.2) 0.2~t) .0103 1.0t30 .,,6 .0882 .068/, .121,8 .71 .052] .1875 .007 .96 .01.01 .3615 .0259
,22 0.2/.3 .0115 0.9/,6 .1,7 .0857 .0720 .lloo .'72 .05104 .1935 .OI,;.!!, .r)? .0J)l) .)692 .0256
.2) O.2:.!B .0128 O.lIJJ .48 .083/. .0757 .1118 .73 .0506 .1996 .0411 .96 .0398 .37'70 .0254
.2/, 0.;'>15 .OJ 1.3 0.7/.0 .49 .U81) .0795 .]010 .7.1, .0/.')9 .205tJ .O/,OO .99 .0)<)7 .3848 .0253
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Los Angeles County Flood Control District

VALUES
Page G-39

OF MANNING's n

PIPE n 2gn 2

2.2/

;:;>~in~orc~d Concr~"'e PIpe .. 013 .00492

A~be5"'o5 Ce/77enr Pi.oe .013 .00492

Concr~fe L.in~d Sr~el Pipe .0/3 .004.92

No -join of cosr In ploca' Concref~ Pipe .0/4 .0057/

Corrugored Mt!ral PIpe '* .varle~

COVe-/f'Ef) 5ECTIONS

;:;>~in~orced Concrer(!' Boy .Ol!! .0049;

Rein~orct!d Concreofe Arch .013 .004.92

LINE£) CHANNELS

Povred Concra're .0/4 .0057/
Aspnalr .0/4 .0057/
Gvnir~ .OJ(; .0074~

Flus/) Grovred Cobble .020 .OII~6

Medif./177 We/glJf Levee Riprop .035 .03570

Jerfy Type R/prop .050 .07285

t./NLINE'O CHANNELS

Very f"lne 50nd, si/r or /00/77 .020 .O/IG~

U~ual river sand and 9rovel .025 .01t)2/

Coarse grovels .030 .02~23

Coarse grovels /'nIxed wifl? boulders .035 .03570

Jf'cVETTECJ TRAPEZOIDAL CrI.4NNeLS

Pipe and WI>-e .025 .0182/
ROlland Wire .025 .0182/

F- 04



Los Angeles County Flcx:rl Contlol District

VAUJES FOil MANNING'S "n" FOR
mmUCA'rED STEP-l. PIPE

--6"i-2"- ­
Struc. PlatE:,---)"x I"

=-iNVEIU-=--PAVED(See-Cilart"-F':06j"­
• ANNULM AND nEr.ICM.

CQRRU;ATIrnS
i j

- -- --------INVp.Rr-.:-fijf-PAW---------- ------
- .. ------""""'7\iiiJLAR

COHRtCA'rioos.or-

Notes: 1. n values are gcx:rl for coated am uncoated pipe.

2. n valucs for helicCl \ oocrUCJatiolls without a paved inV(~rt are for thc folla./inq
conditions; (a) pipe flowing full, (b) very millO[' debris f!<M, (e) relatively
straicJht alignllent.

-"I
o
V1

). For Arch scct ions lise valucs for annular COtTucJations and a C<]11 iva lent 0 i .3l1lcter.
for the Arch sect ion. f>=:41l, R=hydrauLic raoius of. arch section.

4. 'tllere is a slight decrease in thc interior area which should be considered when
calculating the cOllveyance f.actors on pipes with paV<....l inverts.

( 2/))
Conveyance Factor K=1.486 All (A=intedol- an!d of conduit, R=hydrCJlIl. ie radius
of conclll it, n=lI\i\nnin,]' s n

~

.t
It

C'l
I
~

o
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Los Angeles County Flood Control District

Elastic /
fi IIer- .......

/
I

Concrete paving :
(Reinforcing steel /
or wire mesh not ./
shown)---- -- _ .... ~

""'-E last ic filler
\

1..- I "

Note; 8 sholl equal 70 0

unless otherwise noted

CORRUGATED STEEL PIPE WITH PAVED INVERT

F-c6



HYDRAtiUC DESIGN ~-1ANUAL

-"'
Ar~le ?o~~ Loss ----------------------------------------~------____3-8

'~" !r~sicn -------.---------------------------------------_______ c-S
Eeac~ Outle~ ------------------------------------------------- a-'2
Ber.C ~ss

3er:-.ou11:'
3rancn:..ne

----------------------------------------------------------
EqU&~iOh --------------------------------- ~---------
Flows, Los! ----------------------------------------- _

3-3

::~Cge ?ier3 ------------------------------------------------------- C-7

C
Calc~l&ticr~, Directior. of -------------------------------- _
Calc~~ti~r~, Water SUrface Pro:ile ---------------------- _
Ca~ch ~~~ Oata a=d Calc~atio~ ----------- _
Ca~~h E&s~~ Design Q ----------------------- _
Catch Basir., Driveway ---------------------- _

Ca~ch Basin, Grating ~fPe ----~---------------------------- _
Catch Eas~~ ~h ----------------------------- _
:a~ch Bas~ ~6~t of Way ------------------- _
Catch Eas~. Seri~s --------------- _
:atch Eas~, Side Openi:~ ------------- _
Cat:h Bas~ Suoareas -------------- _
Ca~c~ ~3L~. Sweeper -------- _
Channel Stabi:izers ------- _
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