SECTION I

SECTION ‘II

P

—

TABLE OF CONTENTS

INTRODUCTION

1.01 GENERAL

1.02 SCOPE

1.03 ORGANIZATION OF MANUAL

.DRAINAGE DESIGN THEORY

GENERAL

DRAINAGE AREA DETERMINATION
AND SYSTEM DESIGNATION

RAINFALL
DESIGN STORM FREQUERCY

DETERMINATION OF DESIGHN
DISCHARGE

RATIONAL METHOD

RUNGFF CCEFFICIERT

TIME OF CONCENTRATION

UNIT HYDROGRAPH METHOD

UNIT HYDROGRAPH COEFFICIENTS
FLOW IN GUTTERS AND INLET DESIGN
STRAIGHT CROWN STREETS

PARABOLIC CROWN STREETS

PAGE

Ii-1

11

1
et

II-1

II-2

11

1
]

I1-2
II-3
I1-4
II-5
I1-7
II-8
I1-9

II-9



2.15

2.16

ALLEY CAPACITY
INLET CAPACITY CURVES

RECESSED AND STANDARD CURB
OPENING INLETS GRADE

RECESSED AND STANDARD CURB
OPENING INLETS AT LOW POINT

COMBINATION INLET ON GRADE
COMBINATION INLET AT LOW POINT
GRATE INLET ON GRADE

GRATE INLET AT LOW POINT

DROP INLET AT LOW POINT

HYDRAULIC DESIGN OF CLOSED CONDUITS
VELOCITY IN CLOSED CONDUITS

ROUGHNESS COEFFICIENTS FOR
CLOSED CONDUITS

MINOR HEAD LOSSES IN CLOSED CONDUITS
HYDRAULIC DESIGN OF OPEN CHANNELS

ANALYSIS OF EXISTING CHANNELS

DESIGN OF IMPROVED CHANNELS

CONCRETE BOX AND PIPE CULVERTS

CULVERTS FLOWING WITH INLET CONTROL

CULVERTS FLOWING WITH OUTLET CONTROL

BRIDGES

ii

II-10

IT-11

IT-11

IT-11
I1-12
I1-14
I1-14
I1-14
IT-14
I1-15

IX-15

I1-15
I1I-16
II-16

I1I~16

- IT-19

II-19
II-19
IT-20

IT-22



SECTION III — CRITERIA AND DESIGN PROCEDURES

3.01 GENERAL

3.02 RAINFALL

3.03 DESIGN STORM FREQUENCY

3.04 DETERMINATION OF DESIGN DISCHARGE

3.05 RUNOFF COEFFICIENTS AND TIME OF
CONCENTRATION

3.06 CRITERIA FOR CHANNELS, BRIDGES
AND CULVERTS

3.07 PROCEDURE FOR DETERMINATION OF
DESIGN DISCHARGE

3.08 FLOW IN GUTTERS AND INLET DESIGN

3.09 CAPACITY OF STRAIGHT CROWN STREETS

3.10 CAPACITY OF PARABOLIC CROWN STREETS

3.11 STREET INTERSECTION DRAINAGE

3.12 ALLEY CAPACITIES

3.13 INLET DESIGN

3.14 PROCEDURE FOR SIZING AND LOCATING
INLETS

3.15 HYDRAULIC GRADIENT OF CONDUITS

3.16 VELOCITY IN CLOSED CONDUITS

3.17 ROUGHNESS COEFFICIENTS FOR CONDUITS

3.18 MINOR HEAD LOSSES

3.19 PROCEDURE FOR HYDRAULIC DESIGN

OF CLOSED CONDUITS

OPEN CHANNELS

IT1-1
III-1
ITI-1

I11-4
I11-4
ITI1-4

ITII-5
ITI-5
ITI-5
ITI-6
I1I1-6
I11-6

IIIf7

II1-9
III-9
ITI-11
III-11

I11-11

I11I-11

I11-12



e —

SECTION IV -

TYPES OF CHANNELS
QUANTITY OF FLOW
CHANNEL ALIGNMENT AND GRADE

ROUGHNESS COEFFICIENTS FOR OPEN
CHANNELS

PROCEDURE FOR CALCULATION OF WATER
SURFACE PROFILE FOR UNIMPROVED CHANNELS

PROCEDURE FOR HYDRAULIC DESIGN OF
OPEN CHANNELS

HYDRAULIC DESIGN OF CULVERTS
CULVERT HYDRAULICS

QUANTITY OF FLOW

HEADWALLS AND ENTRANCE CONDITIONS
CULVERT DISCHARGE VELOCITIES

PROCEDURE FOR HYDRAULIC DESIGN
OF CULVERTS

HYDRAULIC DESIGN OF BRIDGES
QUANTITY OF FLOW

PROCEDURE FOR HYDRAULIC DESIGN
OF BRIDGES

PROCEDURE FOR FILLING IN A FLOOCD PLAIN

FILLING IN A 100 YEAR FLOOD WAY FRINGE

CONSTRUCTION PLAN PREPARATION

4.01 GENERAL

4.02 PRELIMINARY DESIGN PHASE

4.03 FINAL DESIGN PHASE

iv

I1II-13
ITI-14

II1-14
ITI-14
III-15

I11-15
ITI-15
IIr-15
IT1II-16
Iii-16

I11~17

I1IT-17
I11I-17

III1I-18

III-18
TI1-18

IT1-21

D



SECTION V - APPENDIX
5.01 DEFINITION OF TERMS
5.02 ABBREVIATION OF TERMS AND SYMBOLS

5.03 BIBLIOGRAPHY

. SECTICON VI - TABLES

SECTION VII — FIGURES

SECTION VIIT ~ FORMS

VI-1

VII-l

VIII-1



I - INTRODUCTION
1.01 GENERAL

This manual is to provide guidelines for design of storm
drainage facilities in the City of Allen. The procedures outlined
herein shall be followed for all drainage design and review of
plans submitted to the City.

1.02 SCOPE

The information included in this manual has been
developed through a comprehensive review of basic design
technology as published in various sources listed in the
bibliography and as developed through the experience of individual
Engineers who have contributed to the content.

The manual concerns itself with storm drainage problems

which are generally relative to the City of Allen and the

‘immediate geographical area. Accepted engineering principles are

applied to these situations in detailed documented procedures.
The documentation of the procedures is not intended to limit
jpitiative but rather is included as a standardized procedure to

aid in design and as a record source for the City.

1.03 ORGANIZATION OF MANUAL

This manual is divided into six basic sections. The
first section is the INTRODUCTION, which is a general discussion
of the intended use of the material and an explanation of its

organization.

Section II, DRAINAGE DESIGN THEORY, documents and
explains the basic technical theory employed by the design
procedures prescribed in this manual.

Section IIXI, CRITERIA AND DESIGN PROCEDURES, lists
recommended design criteria and outlines the design procedures
followed by the City of Allen.



Section IV, CONSTRUCTION PLAN PREPARATION, describes

construction plans for drainage facilities in the City of Allen.

Section V, APPENDIX, contains a definition of terms,
definition of symbols and abbreviations and the Bibliography.

Section VI, TABLES, contains all of the tables which are
used in the design of drainage facilities.

section VII, FIGURES, contains all of the basic graphs,
nomographs and charts for use in design of drainage facilities.

section VIII, FORMS, contains forms with detailed
instructions for their use.

10



IT - DRAINAGE DESIGN THEORY

2.01 GENERAL

This section contains documentation and explanation of
the technical theory utilized in the design procedures outlined in
the manual. It is intended as an application of basic hydraulic
and hydrologic theory to specific storm drainage situations rather
than as a text for hydraulic theory.

2.02 DRAINAGE AREA DETERMINATION AND SYSTEM
DESIGNATION '

The size and shape of each drainage area and subdrainage
area must be determined for each storm drainage facility. This

size and shape. may be determined where possible from the City of

Allen plénimetrijtopographic maps. These maps, at scale of

1 inch = 200 feet, are available from the City.

Where the contour interval is insufficient or physical
conditions have changed from those shown on the maps, it may be
necessary to supplement the maps with field topographic surveys.
The actual conditions should always be verified by a
reconnaissance survey. In preparing the axainage éreé ﬁaps,
careful attention‘musgwﬁéléiGeﬁ ﬁowthéwéﬁttér gbhfigurations at
intersections. The direction of flow in the gutters should be
shown on the maps and on the construction plans. The performance
of these surveys is the responsibility of the Engineer designing
the drainage facility.

2.03 RAINFALL

FIGURE 1, which shows anticipated rainfall rates for
storm durations from 5 minutes to 6 hours, has been prepared
utilizing the information contained in the U.S. Department of
Commerce, Weather Bureau, HYDRO-35 (National Technical Information
Service Publication No. PB272-112, dated June, 1977).

IT -~ 1
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Interpolation of rainfall rates versus durations from the
isopluvial maps contained in HYDRO-35 were used to prepare FIGURE
1 for durations less than 60 minutes. For durations beyond 60
minutes the information shown in FIGURE 1 was derrived from
Weather Bureau Technical Paper No. 40, dated May, 1961.

2.04 DESIGN STORM FREQUENCY

The individual curves shown on FIGURE 1 labeled "5 Yr.,"
"i10 Yr.," "25 Yr.," "50 ¥r.," and "100 ¥Yrs." are referred to as
"Design Storm Frequency." The term "l0-year storm” does not mean
that a storm of that severity can be expected once in any l0-year
period, but rather that a storm of that severity has a one in ten

chance of occurring in any calendar year.

Each storm drainage facility shall be deéigned to convey
the runoff which results from a certain prescribed design storm as

shown in Section III, CRITERIA AND DESIGN PROCEDURES.

2.05 DETERMINATION OF DESIGN DISCHARGE

Prior to hydraulic design of drainage facilities the
amount of runoff from the particular drainage area must be
detefmined. Two methods, the Rational and the Unit Hydrograph,
for computing volumes of storm water runoff are used in this
manual. Data from the Flood Insurance Study shall be used in lieu
of Rational Method or Unit Hydrograph for determination of
drainage and -floodway easement elevations and design discharge
flows, if such data is available. '

2.06 RATIONAL METHOD

The use of the Rational Method, introduced in 1889, is
based on the fellowing assumptions:

1. The peak rate of runoff at any point is a direct
function of the average rainfall intensity during
the time of concentration .to that point.

12



2. The freguency of the peak discharge is the same as

the frequency of the average rainfall intensity.

3. The time of concentration is the time required for
the runoff to become established and flow from the

most remote part of the drainage area to the design
point.

The Rational Method is based on the direct relationship
between rainfall and runoff expressed in the following equation:

Q=C1IaA

"Q" is the storm flow at a given point in cubic feet per
second (c.f.s.).

"C" is a coefficient of runoff representing the ratio of
runoff to rainfall.

"I" is the average intensity of rainfall in inches per
hour for a period egual to the time of flow from the farthest

point of the drainage area to the point of design and is obtained
from FIGURE 1.

"A" is the area in acres that is tributary to the point
of design.

The determination of the factors, runoff coefficient and
time of concentration shown in this manual have been developed

through past experience in the City's system and by review of

values recommended by octhers.

2.07 -RUNOFF COEFFICIENT

.. The runoff coefficient "C" in the Rational Formula is

dependent on the character of the soil and the degree and type of

development in the drainage area. The nature and condition of the

soil determine it's ability to absorb precipitation. The

absorption ability generally decreases as the duration of the

TTw-3

>



rainfall increases until saturation occurs. Infiltration rates in

the Allen area generally are low due to the fine-grained soils.
As a drainage area develops, the amount of runoff

increases generally in proportion to the amount of impervious
areas, such as streets, parking areas and buildings.

2.08 TIME OF CONCENTRATION

The time of concentration is defined as the longest
time, without interruption of £low by detention devices, that will
be fequired for a drop of water to flow from the upper limit of a
drainage area to the point of concentration. This time is a
combination of the inlet time, which is the time for water to flow
over the surface of the ground from the upper limit of the
drainage'area to the first storm sewer inlet, and the flow time_in

~the conduit or channel to the point of concentration. The flow
‘time in the conduit or channel is computed by dividing the length

of the conduit by the average velocity in the conduit.

Although the basic principles of the Rational Method are
applicable to all sizes of drainage areas, natural retention of
flow and other interruptions cause an attenuation of the runoff
hydrograph resulting in over-estimation of rates: of flow for
larger areas. For this reason, in development of runoff rates in

larger drainage areas, use of +the Unit Hydrograph Method is
recommended.

|4
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UNIT HYDROGRAPH METHOD

A Flood Insurance

Study has been prepared for the U.S.

Department of Housing and Urban Development, Federal Insurance

Agency for streams in the City of Allen.

by the U.S.

Corps of Engineers,

Engineering Department.

used for design of drainage facilities along these streams.

information

is - not

available on a

This report was prepared
and copies may be obtained at the
Flows contained in this report must be
Where

unit

stream a synthetic

hydrograph must be used as outlined in 3.04.

The Unit Hydrograph Method to be used in calculations of

runof £

shall be in

relationships.

The

computation

of

accordance with Snyder's synthetic

runoff gquantities utilizing the Unit

Hydrograph Method is based on the following equations:
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the lag time, in hours, from the midpoint of the unit

rainfall duration to the peak of the unit hydrograph.

"C" ang “Cp640" are coefficients related to drainage basin

characteristics.

Recommended values for these coefficients are
_ found in TABLE 2. .
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2.10 UNIT HYDROGRAPH COEFFICIENTS

The U.S. Army Corps of Engiheérs published, in August 1852, a
report which cbntains observed unit hydrographs from records on
several storms which occurred during the period from May 1948
through May 1950 on the Turtle Creek drainage basin. Data
developed in that report, which is entitled "Definite Project
Report on Dallas Floodway, Volume I - General, Hydrologic andg
Economic Data, together with additional measurements made since

that time, was used to establish the coefficients for the Allen
area.

In Section III of the manual, certain values for factors
involved in a unit hydrograph ahalysis are recommended. These
values are not to be considered inflexible, but are intended as
guidelines when more specific data is not available. Detailed
review of the develépment of all these factors is not warranted,

but several should be discussed where the documentation for the
selected values may not be apparent.

The rainfall intensity to be used is selected based on a
duration of two hours which is recommended. The two hours are
representative of the time elapsed from the beginning of the
rainfall to the peak rate of runoff. Where more definite
relationships are known to exist on any. particular. stream, this
time should be adjusted accordingly. When using a duration of two
hours, multiply +the rainfall rate (intensity) by two hours,
subtracf the losses, and the total runoff is obtained,

There are two losses to be considered when arriving at
the total runoff. These are termed the "initial" and “subsequent"
losses and are shown in Section III, CRITERIA AND DESIGN
PROCEDURES, as having a cdnstént value of 1.11 inches. This is
arrived at by assigning a value of 0.75 inches as the total
initial loss occurring during the first one-half hour of rainfall

and a loss of 0.24 inch per hour for the remaining one and

one-half hour rainfall period, calculated as follows:



"L is the measured stream distance in miles from the point

of design to the upper limit of the drainage area.

"Lca" is the measured stream distance from the point of

design to the center of gravity of the drainage area. This value
may be obtained in the following manner:

unit

Trace the outline of the drainage basin on a piece of

cardboard and trim to shape. Suspend the cardboard before a
plumb bob by means of a pin near the edge of the cardboard
and draw a vertical line. 1In a similar manner, draw é second
line at approximately a 90° angle to the first line. The

intersection of the two lines is the center of gravity of the
area.

"qp" is the peak rate of discharge of the unit hydrograph for

rainfall duration in cubic feet per second per square mile.

"Qp" is the peak rate of discharge of the unit hydrograph in

cubic feet per second.

"aA" is the area in square miles that is tributary to the

point of design.

"1" is the rainfall intensity at two hours in inches per hour

for the appropriate design storm frequency.

"SD" is the design'storm rainfall in inches for a two-hour

period.

“Lis" is the initial and subseguent losses which have a

recommended constant value of 1.11 inches.

"RT" is the total runoff in inches.

Qu“ is the design storm runoff in cubic feet per second.

17



initial Loss 0.75 inch
Subsegquent Loss 0.36 inch
Total Losses 1.11 inches

As in the case of other recommended specific wvalues,

where more definite information is available, it should be. used.

2,11 FLOW IN GUTTERS AND INLET DESIGN

In the design of storm drainage facilities, the
geometrics of specific types of streets are an integral part of
drainage design. Throughout this manual reference is made to
certain types and widths of streets with specific crown
characteristics. The following terms are defined for reference
purposes:

MAJOR THOROUGHFARE - A street that moves traffic from
one section of the city to  another section.
COLLECTOR STREET - This is a street that has the dual
purpose of traffic movement plus providing access to
abutting properties.

RESIDENTIAL STREET - A street whose primary function is
to provide local access to abutting properties.

WIDTH OF STREET - The horizontal distance between the
faces of the curbs.

STRAIGHT CROWN - A constant slope from one gutter flow
line across a street to the other gutter flow line.
PARABOLIC CROWN - A pavement surface shaped in a
parabola from one gutter flow line to the other.
VERTICAL DISPLACEMENT BETWEEN GUTTER FLOW LINES - Due to
topography, it will be necessary at times that the curbs
on a street be placed at different elevations.

23



"Q" is guantity of gutter flow in cubic feet per second.

"n" is the coefficient of roughness; a value of 0.0175

was used.

"A" is the cross section flow area in square feet.

"R" is the hydraulic radius in feet.

"8" is the longitudinal slope of the street gutter in
feet per foot.

"P" is the wetted perimeter in feet.

“Wo" is the width of the street in feet.

0" is the crown height of the street in feet.

As discussed in Section III, CRITERIA AND DESIGN

PROCEDURES, it may, at times, be necessary for one curb to be at a

different elevation than the opposite curb due to the topography.

Where parabolic crowns are involved, the gutter capacities will

vary radically as one curb becomes higher or lower. The maximum
vertical displacement values shown in FIGURES 4 and 5 were

developed based on a minimum depth of flow in the high gutter of
approximately two inches.

2.14

ALLEY CAPACITY

FIGURE 6, CAPACITY OF ALLEY SECTIONS, was prepared based
on solution of Manning's Equation:

(Equation 2)

"Q" is the alley capacity, flowing full, in cubic feet
per second.

it LU

n" is the coefficient of roughness; a value of 0.0175
was used. '

"A" is the cross section flow area in sqguare feet.
"R" is the hydraulic radius in feet.

"s" is the longitudinal slope in feet per foot.



2.12 STRAIGHT CROWN STREETS

Storm water flow im a street having a straight crown
slope may be expressed as follows:

o = 0.56% gl/2 y8/3 (Equation 1)

"O" is quantity of gutter flow in cublic feet per second.

"Z" is the reciprocal of the crown siope.

"n" is the coefficient of roughness as used in Mannings’
Equation; a value of 0.0175 is used.

"s" is the longitudinal slope of the street gutter in
feet per/g;ot,

"Y" is the depth of flow in the gutter at the curb in
feet.

This formula is an expression of Manning's Equation as
referenced in Highway Research Board Proceedings, 1946, Page 150,
Equation 14.

Based on this equation, FIGURE 3 was prepared and inlet

design calculations, as explained elsewhere, were made.

2.13 PARABOLIC CROWN STREETS

FIGURES 4 and 5 show the capacity of gutters in streets
with parabolic crowns. The following formulas can be used for
determining the gutter capacity or refer to the figures for

solution.

_ 1486, 2/3 (1/2
o

AR 5 (Equation 2)

R = — i (Equation 3)

W 4C
o o >
A #[ é][: Wb;}(x ) dx (Equation 4)

IT - 9
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2.15 INLET CAPACITY CURVES

The primary objective in developing the curves shown in
FIGURES 8 through 22 was to provide the Engineer with a direct
method for sizing inlets which would yield answers within
acceptable accuracy limits.

2.16 - RECESSED AND STANDARD CURB OPENING INLETS ON GRADE

The basic curb opening inlet capacity curves, FIGURES 8
through 12, Recessed and Standard Curb Opening Inlets On Grade,
were based upon solution of the following eguation:

QUir“Hz)

L = (ﬁls/z - 325/2)(.70) (Equation 6)

"L" is the length of inlet} in feet, required to
intercept the gutter flow.,

"O" is the gutter flow in cubic feet per second.

"H;" 1is the depth of flow, in feet, in the gutter

approaching the inlet plus the inlet depression, in
feet.

"HZ" is the inlet depression, in feet.

. This is an . -empirical -.. eguation--- from .."Hydraulic
Manual, "Texas Highway Department, dated September 1970. The data
from solution of this equation was used to plof the curves shown
on FIGURES 8 THROUGH 1l2.

2.17. RECESSED AND STANDARD CURB OPENING INLETS AT LOW POINT
FIGURE 13, Recessed and Standard Curb Opening Inlets at

Low Point, was plotted from the solution of the following

equation:

Z]
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Q = 3.087 L h3/? (Equation 7)

"Q" is the gutter flow in cubic feet per second.

"L" is the length of inlet, in feet, required to
intercept the gutter flow.

"h" is the depth of flow, in feet, at the inlet opening.
This is the sum of the depth of the flow in the gutter,

Yor plus the depth of the inlet depression or ht. of
opening. '

This equation expresses the capacity of a rectangular
weir and 1is referenced in "The Design of Storm Water Inlets,"
dated June 1956, The John Hopkins University.

The calculated inlet capacities were reduced by ten
percent for the preparation of FIGURE 13 due to the tendency of

inlets at low points to clog from the collection of debris at
their entrance.

2.18 COMBINATION INLET ON GRADE

FIGURES 14 through 16, Combination Inlet on Grade, were
prepared based on the length of grate in feet, Lo’ required to
capture the portion of the gutter flow which crosses the upstream
side of the grate and on the length of grate in feet, Lé,required
to capture the outer portion of gutter flow. The figures were
prepared with the solution of Equation 1 and the
equations:

following

22
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_ /2
Lo = 4 VO.XE
g _ " (Eguation 8)
W
"= - /2
L 1.2 v_ tan 60 Yo tang
g ‘ {Equation 9)
! 2
9, =L _-L (g)l/2 Yo ¥ 3/’
4 tan 80

(Equation 10)

2
1,2
= - 2 .
d3 = Q411 Lo (Equation 11)
Q = Qo “[qz + q3] (Equation 12)
Lo - Length of grate required to capture 100% of all
flow over grate in feet.
V, = Gutter velocity in feet per second.
Yo = Depth of gutter flow in feet.
g = Gravitational acceleration (32.2 feet per second per
.second) ... .. -
]
L. = Length of grate required to capture the outer portion

of the gutter flow in feet.

OO = Crown slope of pavement

W = Width of grate in feet.

q, = Carry-over flow in c¢.f.s. outside of the grate.
L = Length of grate in feet.

qq = Carry-over in c.f.s. over the grate.

Q, = Gutter flow in.c.f.s.

Q = Capacity of grate inlet in c.f.s.

These equations are from "The Design of Storm Water

Inlets," The John Hopkins University, June 1956.

11 - 13 | VA=
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2.19 COMBINATION INLET AT LOW POINT

FIGURE 20, Combination Inlet at a Low Point, was prepared
based on the inlet having a capacity equal to 90 percent of the
guantity derived from solution of Equation 7 (Paragraph 2.17) and 70
percent of the quantity derived from solution of the following
Equation 13:

Q0 = 3.087 Lh3/? (Equation 7)

0 = 0.6A 2gh (Equation 13)

"o" is the‘gutter flow in cubic feet per second.

"A" is the net cross sectional area, in square feet, of the
grate opening. _
"g" is gravitational acceleration (32.2 feet per second per
second).

"h" is the head, in feet on the grate.

-

2.20 GRATE INLET ON GRADE

FIGURES 16 through 19, Grate Inlet on Grade, were prepared
based on the solution of Equations 1, 8, 9, 10, 11 and 12 as

described.in Paragraph 2.18, and with the assumption that the inlet
was located in a curbed gutter.

2.21 GRATE INLET AT LOW POINT

FIGURE 21, Grate Inlet at Low Point, was prepared based on
the inlet having a capacity of 50 percent of the quantity derived
from solution of Equation 13 as shown above. While this particular
inlet capacity may appear to be considerable less than would be
expected, it has been calculated based on observed clogging effects,

primarily due to paper. The velocity of the gutter flow across the

“same inlet on grade tends to clear the grate openings.

2.22 DROP INLET AT LOW POINT

FIGURE 22, Drop Inlet at Low Point, was prepared based on
soluticn of Eguation 7 as previously referenced, using a ten percent
reduction in capacity due to clogging.

24
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2.23 HYDRAULIC DESIGN OF CLOSED CONDUITS

All closed conduits shall be hydraulically designed through

the application of Manning's Eguation expressed as follows:

Q = AV . 1_'\&"2;\'- r\1,,, covl
| L 2/ — indE N (:\"\?'f?z
Q = 1488 g3 g2 s pzA(ly
n '
R =2
P

"Q" is the flow in cubic feet per second.

"A" is the cross sectional area of the conduit in square

feet.

"v" is the velocity of flow in the conduit in feet per

second.

L1 L1}

n" is the roughness coefficient of the conduit.

"R" is the hydraulic radius which is the area of flow

divided by the wetted perimeter. (R = ﬁ)
P

"Sf“.is the friction slope of the conduit in feet per foot.

“P" is the wetted perimeter.

2.24 VELOCITY IN CLOSED CONDUITS

Storm sewers should operate within certain velocity

limits to prevent excessive deposition of solids due to low
velocities and to prevent invert erosion and undesirable outlet
conditions due to excessively high'velocity. A minimum velocity
of 2.5 feet per second and a nmﬁimum velocity of 15 feet per
second shall be observed. )

2.25 ROUGHNESS COEFFICIENTS FOR CLOSED CONDUITS

Roughness coefficients are directly related to

construction procedures. When alignment is poor and joints have
not been prdperly assembled, extreme head losses will occur.
Coefficients used in this manner are related to construction
procedures and assume that the pipe will be manufactured with a

consistently smooth surface.

25
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2.26 MINCR HEAD LOSSES IN CLOSED CONDUITS

The basic equation for calculation of minor head losses
at manholes, wye branches and bends 1in closed conduits is as
follows:

“hj" is head loss in feet.
"Kj is coefficient of loss.

“Vl" is wvelocity in feet per second in conduit
immediately downstream of point of loss.
“V2 is wvelocity in feet per second in conduit
immediately downstream of point of loss.

"g" is gravitational acceleration (32.2 feet per second

per second). J;
/4fasxf

73
2.27 HYDRAULIC DESIGN OF OPEN CHANNELS

Channel design involves the determination of a channel
cross section required to convey a given design flow. The two
methods outlined in this manual may be used for analysis of an
existing channel or for the design of a proposed channel.

2.28 ANALYSIS OF EXISTING CHANNELS

The analysis of the carrying capacity of an existing
channel is an application of Bernoulli's energy equation which is
written:

2y v dy v hyy = 4yt 4y +h, +hp

other losses

where
”m"zl" and "ZZ“ is the streambed elevation with respect to
a given datum at upstream and downstream sections, respectively.
"dl" and “dz“ is depth of flow at upstream and
downstream sections, respectively. _
N vi“ and “hvz“ is velocity head of upstream and
downstream sections, respectively.

"hf" ig friction head loss.

Zp
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Other losses such as eddy losses are estimated as 10
percent of the friction head loss where the quantity h_, minus h_,
is positive and 50 percent thereof when it 1is negative. Bend
losses are disfegarded asban unnecessary refinement.

Bernoulli's  energy eguation is illustrated in graphic

form as shown below.

Horizontal Line
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The basic egquations involved are:
Q0 = AV : "I'

V2
hy =

2g
and Mannings' Equation:

_{;_g,gﬁ ARZ/3 gl/2

which is defined elsewhere in this chapter.

The friction head can be determined by using Mannings'
Equation in terms of the friction slope Sgs where:

s, = [ on ’
f 1.486 aR%/3

thus giving the total friction head

4 S¢£.5
o [l

using the respective properties of Sections 1 and 2 for the
calculations of Sfl and sz

The velocity head hv is found by weighing the partial

discharges for each subdivision of the cross section, i.e., ‘ .
2
Voo %
hV = re——— [
29 Q
where

"VS" is veleocity in subsection of the cross section.

_W"AS"Mis‘area,of the subsection of the cross section._ .

"o " is discharge in the subsection of the cross section.

"VS LU is %s-

g
When severe constrictions occur the Momentum Eguation

may be required in determination of losses.

28
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2.29 DESIGN OF IMPROVED CHANNELS

The hydraulic characteristics of improved channels are
to be determined through the application of Manning's Equation as
previously defined.

2.30 CONCRETE BOX AND PIPE CULVERTS

The design theory outlined herein is a modification of

the‘method used in the hydraulic design of concrete box and pipe
culverts as discussed in Department ‘of Commerce Hydraulic
Engineering Circular WNo. 5 entitled "Hydraulic Charts for the
selection of Highway Culverts" dated December 1965.

The hydraulic capacity of culverts 1is computed using
various factors and formulas. Laboratory tests and field
observations indicate culvert flow may be controlled either at the
inlet or outlet. Inlet control involves the culvert cross
sectional area, the ponding of headwater at the entrance and the
inlet geometry. Outlet control involves the tailwater elevation
in the outlet channel, the slope of the culvert, the rotghness of
+he surface and length of the culvert barrel.

2.31 CULVERTS FLOWING WITH iNLET CONTROL

Inlet control means that the discharge cépacity of a
culvert is controlled at the culvert entrance by the depth of the
headwater and entrance geometry including the barrel shape and
cross-sectional area, and the type  of inlet “edge. Culverts

flowing with inlet control can flow as shown on FORM F, Case I
{(Inlet not submerged) or as shown on FORM F, Case II (Inlet
submerged) .

Nomographs for determining culvert capacity for inlet
control are shown on FIGURES 25 and 26. These nomographs were
developed by the Division of Hydraulic Research, Bureau of Public
Roads from analysis of laboratory research reported in National
Bureau of Standards Report No. 4444, entitled T"Hydraulic

Characteristics of Commonly Used Pipe Entrances," by John L.

‘French, and "Hydraulics'of Conventional Highway Culverts," by H.

G. Bossy. experimental data for box culverts with headwalls and

wingwalls were obtained from an unpublished report of the U.S.
Geological Survey.
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2.32 | CULVERTS FLOWING WITH OUTLET CONTROL

Culverts flowing with outlet control can flow full as

shown on FORM F, Case III (Outlet submerged), or part full for
part of the barrel, as shown on FORM F, Case IV (Outlet not
submerged) .

The culvert is designed so that the depth of headwater
(W), which is the vertical distance from the upstream culvert
flow line to the elevation of_the ponded water surface, does not
encroach on the allowable freeboard during the design storm.

Headwater depth, HW, can be expfessed by a common
equation for all outlet control conditions:

HW = H + ho - L (SO)

"HW" is headwater depth in feet.

"H" is the head or energy required to pass a given
discharge through a culvert.

"ho" is the vertical distance from the downstream
culvert flow line to the elevation from which H is measured, in
feet.

"L" is length of culvert in feet.

“Sof is the culvert barrel slope in feet per foot.

The head, H, is made up of three parts including the
veloéity head, exit loss, H_, an entrance loss, H i and a friction

loss, Hf. This energy is obtained from ponding of water at the

.entrance and is expressed as:

H = HV + He + Hf
"g" is head or energy in feet of water.
“HV" is Ei where V is average velocity in culvert =0
2qg ).\
"He“ is Ke zi where K, is entrance loss coefficient.
2g |
"Hf" is energy required to overcome the friction of the
qulvgg;.barrel”and expressed as:
HF = [29.2n2ﬁ}\ zi where
R1.33 ) 2g
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*n" is the coefficient of roughnéss (see TABLE 5).

"L, is length of culvert barrel in feet.

"y" is average velocity in the culvert in feet per

second.

Lig

tlg
per second)

is gravitational acceleration (32.2 feet per second

"R" is hydraulic radius in feet.

substituting into previous egquation:

v? g v l29.20% 1] [vP
= ¥+ Kg 4 |22.2n° v_
133

2g 29 2g
and'siﬁplifying:
H = {Eg;égiwﬁ} [EE} for full flow
R™" 2g ’

This equation for H may be solved using FIGURES 27 and
28.

For various conditions of outlet control flow hg is
calculated differently. When the elevation of the water surface
in the outlet channel is egual to or above the elevation of the
top of the culvert opening at the outlet, ho is equal to the
tajilwater depth or:

ho = TW

If the tailwater elevation is below the top of the

culvert opening at the outlet, h0 is the greater of two values:

(1) ‘railwater, -TW, as defined above or (2)-dC + D where dc =

2
critical depth. The critical depth, dc, for box culverts may  be
obtained from FIGURE 29 or may be calculated from the formula:

a_ = 0.315[ 0 2/3

-8
"dc" is critiéal depth for box culvert in feet.
"Q" is discharge in cubic feet per second.

"B" is bottom width of box culvert in feet.

The critical depth for circular pipes may be obtained
from FIGURE 30 or may be calculated by trial and error. Charts
developed by the Bureau of Public Roads may be used for
determining the critical depth. Try values of D, A and dc which
will satisfy the eguation: 25\
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"d, is critical depth for pipe in feet.

"Q" is discharge in cubic feet per second.

"D" is diameter of pipe in feet.

"g" is gravitational acceleration (32.2 feet per second

per second).

"A" is the cross sectional area of the trial critical
depth of flow.

The equation 1is applicable also for trapezoidal or
irregular channels, in which instances "D" becomes the channel top
width in feet.

2.33 BRIDGES
Once &a design discharge and the depth of flow have been
established, the size of the bridge opening may be determined.

- Specific effects of columns and piers may usually be
neglected in the hydraulic calculations for determination of
bridge openings. This is based on the assumption that all bents
will be placed at a 90 degree angle to the direction of flow.
Only in extenuating circumstances would it be desirable for bents
to be placed at an oblique angle to the flow.

_ ..The  basic . hydraulic__calculations.._involved in the
hydraulic “design involve solution of the following:
V.,Q

A

"Vv" is the average velocity through the bridge in feet
per second.
"Q" is the flow in cubic feet per second.

"A" is the actual flow area through the bridge in square
feet.

"hf" is the héad loss through the bridge in feet.
“Kb" is a head loss coefficient.

"V" is the average velocity through the bridge in feet
per second.

2.
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g™ is graviiationai acceleration (32.2 feet per second
per second).

As can be seen from the above, the loss of head through
the bridge is a function of the velocity head. The selection of a
head loss coefficient as recommended in Section III, CRITERIA AND
DESIGN PROCEDURES, will determine the exact hydraulic conditions.

II - 23
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III - CRITERIA AND DESIGN PROCEDURES

3.01 GENERAL

This section contains storm drainage design criteria and
demonstrates the design procedures to be employed on drainage
projects in the City of Allen.

Applicable forms which can be used for the design of

various storm drainage facilities are contained in the Section
VIII of this manual.

3.02 RAINFALL

| In determining the estimated runoff from a specific
drainage area, it is necessary to predict the amount of rain which
can be expected. FIGURE 1, RAINFALL INTENSITY AND DURATION, has
been prepared to graphically illustrate anticipated rainfall
intensity for storm duration from 5 minutes to six hours for

cselected return frequencies and shall be used for determining

rainfall rates as required.

3,03 DESIGN STORM FREQUENCY

Each storm drainage facility, including street

capacities, shall be designed to convey the runoff which results

from a certain prescribed design storm.

prainage design requirements for open and closed systems
shall provide protection for property during a 100-year Design
Freguency Storm, with this projected flow carried in the streets
and closed drainage systems in accordance with the following:

a. RESIDENTIAL STREETS -~ Based on parkway slopes of
1/4-inch per foot behind the curb, the 100-year Design Frequency
flows shall not exceed a depth of 1-1/2 inches over the top of
curb. A maximum flow of 45 cfs will be allowed in the street.

b. COLLECTOR STREETS -~ Based on parkway slopes of
1/4-inch per foot behind the curb, the 100-year Design Frequency
flows shall not exceed a depth of 1/2-inch over the top of curb.

A maximum flow of 45 cfs will be allowed in the street. 25‘%



¢. MAJOR THOROUGHFARES - Based on a transverse slope of

1/4~-inch per foot on the pavement, the 100-year Design Frequency

flow shall not exceed the elevation of the lowest top of curb. A
maximum of 45 cfs will be allowed in the street.
d. ALLEYS - The 100-year Design Freguency flows shall
not exceed the capacity of the alley sections shown in FIGURE 6.
e. RESIDENTIAL AREAS - The drainage system shall be in

accordance with the Subdivision Ordinance. In areas where the

flow is small, paved flumes may be used in lieu of closed systems
upon approval of the City Engineer. Natural or excavated channels
may be utilized if in accordance with FIGURE 24.

f. NON~-RESIDENTIAL AREAS - The dralnage system shall be
as specified in the Subdivision Ordinance.

g. EXCAVATED CHANNELS - Excavated channels shall have

concrete pilot channels if deemed necessary by the City Engineer,

for access or erosion control as outlined below. All excavated
channels shall have a design water surface as outlined in 3.06 and
pe in accordance with FIGURE 24, Type II. Concrete lined channels
éhall be not less than Type III shown in FIGURE 24. At locations
where earth channel improvements are required to carry a flood
discharge through an undeveloped area, the channel grade can be
ndaylighted"” and no freeboard required until the area is '
developed.

h. MINIMUM LOT AND FLOOR ELEVATIONS - Minimum lot and
floor elevations shall be. established as follows:

1. Lots abutting a natural or excavated channel
shall have a minimum elevation for the
buildable area of the lot at least at the
highest elevation of the drainage floodway
easement described in (i) Easements.

2. Any habitable structure on property abutting a
natural or excavated channel shall have a
finiéhed floor elevation at least two (2) feet
above the 100 year design storm or F.I.A.

- floodway -elevation, -whichever is-greater.

3. Where lots do not abut a natural or excavated
channel, minimum floor elevations SHALL BE A
MINIMUM OF ONE (1) foot above the street curb
or edge of alley, whichever is lower, unless
otherwise approved by the City Engineer.
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i EASEMENTS - Drainage and floodway easements shall
be provided for all open channels. Easements shall encompass all
areas beneath a ground elevation defined as being the highest
elevation of the following:

1. One (1) foot above a design storm whose
frequency is 100 years, calculated by the
City's criteria.

2. One (1) foot above the elevation required for
the peak discharge listed for the 100 year
design flood, Alternative C,fof the Floocd
Insurance Study, u.s. Department of Housing &
Urban Development, Federal Insurance Agency.

3. The top of the high bank.

Je POSITIVE OVERFLOW -~ The approved drainage system
shall provide for positive overflow at all low points. The term

"positive overflow” means that when the inlets do not function
properly or when the design capacity of the conduit is exceeded
the excess flow can be conveyed overland along a paved course.
Norﬁally, this would mean along a street or alley but can reguire
the dedication of special drainage easements on private property.
Reasonable judgment should be used to limit the easements on
private property to a minimum. In specific cases where the
chances of substantial flood damages are likely to occur, the City
of Allen may require special investigations.

k. TINLET DESIGN - Inlet spacing shall be in accordance

with the design criteria contained in this manual, minimum 300

feet aparg, or as required in section 3.08 Maximum length of
inlets'at‘one location shall not exceed 20 feet each side of
street without prior approval from the Engineering Department.
1. CULVERTS AND BRIDGES -.All drainage structures
shall be designed to carry the 100-year Design Frequency flow.
Bridges and culverts shall be designed for a water surface

elevation as outlined in 3.06.

m. MINIMUM STREET OR ALLEY ELEVATIONS - Streets or
alleys adjacent to an open channel shall be designed with an
elevation not lower than the drainage and floodway easements
defined in (i) above.




3.04 DETERMINATION OF DESIGN DISCHARGE

The Rational Method for computing storm water runocff is
to be used for hydraulic design of facilities serving a drainage
area of less than 600 acres. For drainage areas of more then 600
acres and less than 1200 acres, the runoff shall be calculated by
both the Rational Method and the Unit Hydrograph Method with the
larger of the two values being used for hydrauiic design. For

drainage areas larger than 1200 acres the runoff shall be

‘calculated by the Unit Hydrograph Method, or as outlined in 3.06

(1).

3.05 RUNOFF COEFFICIENTS AND TIME OF CONCENTRATION

Runoff coefficients, as shown in TABLE 1, shall be used,
based on total development under existing land zoning regulations.
Where land uses other than those listed in TABLE 1 are planned, a

coefficient shall be developed utilizing values comparable to
those shown.

Times of concentration shall be computed based on the
minimum inlet times shown in TABLE 1. Where conditions obviously
warrant a deviation from the minimum inlet times as shown,

FIGURE 2 may be used.

3.06 CRITERIA FOR CHANNELS, BRIDGES AND CULVERTS

Discharge flows and water surface elevations shall be
based on the highest of the following:

1. Floed Insurance Study, U.S. Department of Housing &
Urban'Development, 100-year Design Flood, Alternative C. Water
surface elevations shall not exceed an elevation that is one (1)
foot below the high bank of the channel; bottom of girders or
stringers of bridges; or gutter elevations in streets at culverts.
Flows at points not shown in the Flood Insurance Study can be
determined by a proration based on the area drained.
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. Engineer, the- flow in the gutter would be .excessive under these

2. Design storm frequency of 100 years, calculated by
the City's design criteria. Water surface elevations shall not ‘
exceed an elevation that is above any of those Iisted in (1)

above. Where a unit hydrograph is used to determine the design

flows, Coefficients for "Ct" and Cp640" should be as shown in

Table 2.

3.07 PROCEDURE FOR DETERMINATION OF DESIGN DISCHARGE

A standard form, STORM WATER RUNOFF CALCULATIONS, FORM
A, is included in the Section VIII to record the data used in
various drainage area calculations. In general, this form will be
used in calculation of runoff for design of open channels,
culverts, and bridges. Explanation for use of this form is
included in the Section VIII.

3.08 FLOW IN GUTTERS AND INLET DESIGN

Unless there are specific agreements to the contrary .
prior to beginning design of the particular storm drainage
project, the city of Allen requires a storm drain conduit to
begin, and consequently the first inlet to be located, at the

‘point where the street gutter flows full based upon the

appropriatemdesignwstgrmwirequency..,If,min-themopinion ..... of the

conditions, then consideration should be given to extending the

'storm sewer to a point where the gutter flow can be intercepted by

more reasonable inlet locations.

3.09 CAPACITY OF STRAIGHT CROWN STREETS

FIGURE 3, CAPACITY OF TRIANGULAR GUTTERS, applies to all
width streets having a straight cross slope varying from 1/8-inch

- per foot to 1/2-inch per foot-which are the minimum and maximum

allowable slopes. Cross slopes other than 1/4-inch per foot shall - .
not be used without prior approval from the Engineering
Department.
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3.10 ' CAPACITY OF PARABOLIC CROWN STREETS

FIGURES 4 and 5, CAPACITY OF PARABOLIC GUTTERS, apply to
streets with parabolic crowns.

3.11 STREET INTERSECTION DRAINAGE

The use of surface drainage to convey storm water across
a street intersection is subject to the following criteria:

1. A major street shall not be crossed with surface
drainage unless approved by the Engineering
Department.

2. Wherever possible, a secondary street shall not be
crossed with surface drainage.

3. At any intersection, only one street shall be
crossed with surface drainage and this shall be the

lower classified street.

3.12 ALLEY CAPACITIES

FIGURE 6 is a nomograph to allow determination of the
storm drain capacity of various standard alley sectione. 1In
residential areas where the standard 10-foot wide alley section
capacity is exceeded, a wider alley may be used to provide storm
drain capacity.

As can be seen on FIGURE 6, the 20-foot wide alley

section has the largest storm drain cépacity. Curbs shall not be

added to alleys to increase the capacity unless approved by the
City Engineer. Where a particular width alley is required, such
as a 12-foot width, a wider alley, such as a l6-foot width, may be
required for greater capacity. Appropriate increases in
right-of-way widths will be necessary. Alley capacities are
calculated to allow the entire alley right-of-way to carry the

"flow, 2-1/2 inches above paving edge.

I1T - 6
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3.13. INLET DESIGN

FIGURE 7, STORM DRAIN INLETS, is a tabulation of the
various types and sizes of inlets and their prescribed uses.

The information in FIGURE 7 and the general requirement
of beginning the storm drain conduit where the street gutter
capacity is reached will furnish the information necessary to
establish inlet locations.

FIGURES 8 through 21 shall be used to determine the
capacity of specific inlets under various conditions.

In using the graphs for selection of inlet sizes, care
must be taken where the gutter flow exceeds the capacity of the
largest available inlet size. This is illustrated with the
following example.

Known:

Major Street, Type D (M4D)

Pavement Width = 24 feet

Gutter Slope = 1.00%

Pavement Cross Slope = 1/4 inch/l1 Foot
Gutter Flow = 11 cfs

Find:

Length of Inlet Required (Li)

Solution:

Refer to FIGURE 8

Enter Graph at cfs

Intersect Slope = 1.00%

Read L, = 16.9 Feet

DO NOT USE 14-FOOT INLET IN COMBINATION WITH 4-FOOT
INLET

TTT —~ 7
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Enter Graph at Li 14 Feet

Intersect Slope = 1.00%

Read Q = 8.8 cfs

Enter Graph at Li = 4

Intersect Slope = 1.00%

Read Q = 1.9 cfs

Therefore, the two inlets have a total capacity of

10.7 cfs which is less than the gutter flow of 11

i
i
cfs.
l USE TRIAIL AND ERROR SOLUTION
N Try l2-Foot Inlet plus 6-Foot Inlet
I Enter Graph at Li = 12 Feet
Intersect Slope = 1.00%
Read Q = 7.3 cfs
l Enter Graph at Ly = 6 Feet
Intersect Slope = 1.00%
l Read Q¢ = 3.1 cfs
| The two inlets have a capacity of 10.4 cfs which is
O less than the gﬁtter flow.
Try 2-10-Foot Inlets
' Enter Graph at L, = 10 Feet
Intersect Slope = 1.00%
Read Q = 5.7 :
l 2 x 5.7 = 11. 4 cfs capac;ty whlch is equal to the
‘ ..gutter flow.
l USE EITHER TWO 10-FOOT INLETS OR OTHER SUITABLE
COMBINATION; WHICHEVER WILL BEST FIT THE PHYSICAL
I CONDITIONS. CONSIDERATION SHOULD BE GIVEN TO
ALTERNATE INLET LOCATIONS OR EXTENSION OF THE
l ‘ SYSTEM TO ALLEVIATE THE PROBLEM OF MULTIPLE INLETS
| AT A SINGLE LOCATION
Inlets shall be sized to intercept all flow in the
l approaching gutter. In cases where the selection of a pérticular
size inlet would result 1n 1nterceptlng in excess of 90% of the
‘”gutter flow, consmderatlon wxll be given to such an inlet on a
minor or secondary street.

¢ 4|
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3.14 PROCEDURE FOR SIZING AND LOCATING INLETS

In order that the design procedure for determining inlet .
locations and sizes may be facilitated, a standard form, INLET
DESIGN CALCULATIONS, FORM B, has been included in the Section VIII
together with an explanation of how to use the form. Minimum

distance between inlets on streets, especially major

thoroughfares, shall be 300 feet. Remainder to be collected
offsite before flowing into street.

3.15 HYDRAULIC GRADIENT OF CONDUITS

A storm @rainage conduit must have sufficient éapacity
to discharge a design storm with a minimum of interruption and
inconvenience to the public using streets and thoroughfares. The
size of the conduit is determined by accumulating runoff from
contributing inlets and calculating the slope of a hydraulic
gradient from Mannihgs' Equation:

5 =1 on 2
1.486 ar%/3

Beginning at the uppermost inlet on the system a | .

. tentative hydraulic gradient for the selected conduit size is

plotted approximately 2 feet below the gutter between each
contributing inlet to insure that the selected conduit will carry
the design flow at an elevation below the gutter.profile. As the
conduit size is selected and the tentative hydraulic gradient is
plotted between each inlet pickup point, a head loss due to a
change in velocity and pipe size must be incorporated in the
gradient profile. (see Table 6 for VELOCITY HEAD COEFFICIENTS FOR

CLOSED CONDUITS).
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Also at each point where an inlet lateral enters the
main conduit the gradient must be sufficiently low to allow the
hydraulic gradient in the inlet to be below the gutter grade.

At the‘discharge end of the conduit (generally a creek
or stream) the hydraulic gradient of the creek for the design
storms must coincide with the gradient of the storm drainage
conduit and an adjustment 1is usually required in the tentative
conduit gradient and, necessarily, the initial pipe selection
could also change.

' Where concrete pipe conduit is wused to carry the
stormwater, a flow chart, Figure 23, based on Manning's Equation
may be used to determine the various hydraulic elements including
the pipe size, the hydraulic gradient and the velocity. Special
hydraulic calculators are also available for solution of Manning's
Eguation.

| Iin addition to concrete pipe conduit other frequently
used conduit types include corrugated metal smooth lined pipe,
concrete arch conduit, corrugated metal arch conduit,
cast-in-place concrete .box conduit and precast concrete box
conduit. When metal conduit 1is proposed for us: in the system
prior approval shall be obtained from the Engineering Department.

If flow charts are not available, the hydraulic gradient, conduit
size and velocity of each of these conduits can be determined from
the basic equation for flow in closed conduits, Mannings'
Equation:

On ) = AR
1.486 x s'/?

The roughness coefficients for each of these conduit
types are shown in Table 5 on Page VI-6 of the manual.
With the hydraulic gradient established, considerable

latitude is available for establishment of the conduit flow line.

The inside top of the conduit must be at or below the hydraulic

gradient thus allowing the conduit to be lowered where necessary.
The hydraulic gradient 'should be plotted directly on the

construction plan profile worksheet and adjusted as necessary.

43
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There will be hydraulic conditions which cause the
conduits to flow partially £full and where this occurs, the
hydraulic gradient should be shown at the inside crown (soffit) of
the conduit. This procedure will provide a means for
conservatively selecting a conduit size wbich will carry the flood

discharge.

3.16 VELOCITY IN CLOSED CONDUITS

TABLE 3 is a tabulation of minimum pipe grades which
will produce a velocity of not less than 2.5 fps when flowing
full. Grades less than those shown will not be allowed. Only
those pipe sizes shown in TABLE 3 should be used in designing
concrete pipe storm sewer systems.

TABLE 4 shows the maximum allowable velocities in closed

conduits.

3.17 ROUGHENESS COEFFICIENTS FOR CONDUITS

rRecommended. values for the roughness coefficient "n" are

tabulated in TABLE 5. Where engineering judgment indicates values
other than those shown should be used, special note of this
variance should be taken and the appropriate adjustments made in
the calculations.

3.18 MINOR HEAD LOSSES

The values of Kj to be used are tabulated for varibus

conditions in TABLE 6. 1In designing storm sewer systems, the head
losses which occur at points of turbulence shall be computed and

reflected in the profile of the hydraulic gradient.

3.19 PROCEDURE FOR HYDRAULIC DESIGN OF CLOSED CONDUITS
STORM SEWER CALCULATIONS, FORM C, has been included in
the Section VIII, together with explanation for its use to

facilitate the hydraulic design of a storm sewer.
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3.20 OPEN CHANNELS

open channels are to be used to convey storm waters
where closed conduité are not justified. Consideration must be
given to such factors as relative location to streets, schools,
parks and other areas subject to frequent pedestrién use as well
as basic economics. '

Type II Channel Figure 24 is an improved section
recommended . for use where larger storm flows are to be conveyed.
The .concrete flume in the channel bottom is to be used as a
maintenance aid. The indicated width of the flumes is a minimum
width and as the width of the channel increases, the reguired
width of the flume may be increased. .

Type III Channel, Figure 24, is a concrete lined section
to be used for large flows in higher valued property areas and
where éxposure to pedestrian traffic is limited.

Where a recommended side slope and a maximum side slope
are shown on @& channel section, the Engineer shall use the
recommended slope unless prior approval has been obtained from the
city of Allen or soil conditions require a flatter slope.

The most efficient cross section of an open channel,
from a hydraulic standpoint, is the one which, with a given slope,
area and roughness coefficient, will have the maximum capacity.
This cross section is the one having the smallest wetted
perimeter. There are usually practical obstacles to using Cross
sections of the greatest hydraulic efficiency, but the dimensions

of such sections should be considered and adhered to as closely as

-‘conditions will allow.

Landscaping shail be left to the Engineer but is
intended to protect the channel right-of-way from erosion, as well
as present an aesthetically pleasing view. In areas where erosion
must be controlled, the Engineer shall include in his plans the
type of grass and placement to be furnished. Full coverage of
grass must be established prior to acceptance by the City.

Design water surface shall be as shown on Figure 24 and
as outlined in 3.06. Floodway easements shall be provided as
shown in 3.03 (i).

TTT - 12
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Special care must be taken at entrances to closed
conduits, such as culverts, to provide for the headwater
requirements.. These calculations and the required explanations
are'included in Paragraph 3.32, PROCEDURE FOR HYDRAULIC DESIGN OF
CULVERTS. .

Oon all channels the water surface elevations, which may
be assumed as coincident with the hydraulic gradient, shall be
calculated and shown on the construction plans. One exception to
the water surface coinciding with the hydraulic gradient would be
in supercritical flow which generally is not encountered in this
geographical area. Designs utilizing supercriticl flow should be
discussed with the City of Allen in the preliminary stages of
design.

Hydraulic calculations for Type I Channels Figure 24
shall be made as outlined on FORM D. This procedure is applicable
to a stream with an irregular channel and utilizes Bernoulli's
Energy 'Equation to - establish the water surface elevations at
succeeding points along the channel. '

| Hydraulic calculations for Types II and III Channels
chall be made as outlined on FORM E. |

In general, the use of existing channels in their
natural condition or with a minimum of improvement and with
reasonable safety factors is encouraged. ‘

3.21 TYPES OF CHANNELS

'FIGURE 24 illustrates the classifications and geometrics

of various channel types which are to be used wherever possible.

Type I Channel is to be used where the development of
land will allow. It is intended to be left as nearly as possible
in its natural state with improvements primarily'limited to those
which will allow the safe conveyance of storm waters,_minimize
public health hazards and make the flood plain usable for
recreation purposes. In some instances it may be desirable to
remove undergrowth.

s



3.22 QUANTITY OF FLOW

In the design of open channels it is usually necessary

that guantities of flow be estimated for several points along the
channel. These are locations where recognized discharge points
enter the channel and the flows are calculated as previously
outlined under "Determination of Design Discharge."”

3.23 CHANNEL ALIGNMENT AND GRADE

While it is recognized that channel alignments must

necessarily  be controlled primarily by existing topography and
right-of~way, changes in alignment should be as gradual as
possible. whenever practicable, changes in alignment should be
made in sections with flatter gradesT

Normally, the grade of channels will be established by
existing conditions, such as an existing channel at one end and a
storm sewer at the other end. There are times, however, when the
gréde is subject to modification, especially between controlled
points. ¥

Whenever possible the grades should be sufficient to
prevent sedimentation and should not be overly steep to cause
excessive erosion. ’

~For any given discharge and cross section of the
channel, there is always a slope just sufficient to maintain flow
at critical depth. This is termed critical slope and a relatively
large change in depth corresponds to relatively small changes in
energy. Because of this instability, slopes at or near critical
values should be avoided.

Maximum allowable velocities are shown in TABLE 7. When
the normal available grade would cause veiocities in excess.of the
maximums, plans shall include details for any special structures
required to retard this flow. o e o '

3.24 ROUGHNESS COEFFICIENTS FOR OPEN CHANNELS

Roughness coefficients to be used in solving Mannlng s

Equation are shown in TABLE 7, together with maximum allowable

47
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3.25 PROCEDURE FOR CALCULATION OF WATER SURFACE PROFILE FOR
UNIMPROVED CHANNELS
FORM D, included in Section VIII, together with the

explanation for its use, shall be used for calculating a profile

of the water surface along an improved channel.

3.26 PROCEDURE FOR HYDRAULIC DESIGN OF OPEN CHANNELS
FORM E, included in Section VIII, together with the

explanation for its use, shall be used in the design for open

channels.

3.27 HYDRAULIC DESIGN OF CULVERTS

The function of a culvert or bridge is to pass storm

water from the upstream side of a roadway to the downstream side
without submerging the roadway or causing excessive backwater
which floods upstream property.

The Engineer shall keep head losses and velocities
within reasonable 1limits while selecting the most economical
structure. In general, this means selecting & structure which
creates a headwater condition and has a maximum velocity of flow
safely below the allowed maximums .

. The vertical distance between the upstream design water
surface and the roadway elevation should be maintained to provide
a safety factor to protect against unusual clogging of the culvert
and to provide a margin for future modifications in surrounding
physical conditions. In general, a minimum of two feet shall be
considered reasonable when the structure is designed to pass a
design storm freguency of 100 vyears calculated by Allenfs
critéria, Unusual surrounding phygical conditions may be cause

for an increase in ‘this reguirement.

3.28 CULVERT HYDRAULICS

In the hydraulic design of culverts an investigation

shall be made of four different operating conditions, all as shown

on FORM F. It is not necessary that the Engineer know prior to

the actual calculations which condition of operation (Case I, II,
III or IV) exists. The calculations will make this known.

Ue
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Case I operation is a condition where the capacity of
the culvert ié controlled at the inlet with the upstream water
level at or below the top of the culvert and the downstream water
level below the top of the culvert.

' | Case II operation is also a condition where the capacity
of the culvert is controlled at the inlet with the upstream water
jevel above the top of the culvert with the downstream water level
below the top of the culvert.

Case III operation is a condition where the capacity of
the culvert is controlled at the outlet with the upstream and
downstream water levels above the top of the culvert. )

Case IV operation is a condition where the capacity of
the culvert is controlled at the outlet with the upstream water
1evel above the top of the culvert and the downstream water level
equal to one of two levels to be calculated.

3.29 QUANTITY OF FLOW

The guantity of flow which the structure must convey

shall be calulated in accordance with the Procedure for
Determination of Design Discharge utilizing FORM A.

3.30 ' HEADWALLS AND ENTRANCE CONDITION

Headwalls are used to protect the embankment from’

erosion and the culvert from displacement. The headwalls, with or
without. wingwalls and aprons, shall be constructed in accordance
with the standard drawings as required by the physical conditions
of the particular installations. _ . _

‘ In general, straight headwalls should be used where the
approach velocities in the channel are below 6 feet per second,
where headwater pools are formed and where no downstream channel
protection is required. ' Headwalls with wingwalls and aprons
should be used where the approach velocities are from 6 to 12 feet
per second -and downstream channel protection is desirable.

special headwalls and wingwalls may be required where
approach velocities are in excess of 12 to 15 feet per second.
This requirement varies according to the axis of the approach
ve1001ty with respect to the culvert entrance.

A table of culvert entrance data is shown of FORM F.

I1I1 - 1o
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The values of the entrance coefficient, Re, are a combination of
the effects of entrance and approach conditions. It is recognized
that all possible conditions may not be tabulated , but an
interpolation of values should be possible from the information
shown. Where the term "round" entrance edge is used, it means a

6-inch radius on the exposed edge of the entrance.

3.31 CULVERT DISCHARGE VELOCITIES

velocities in culverts should be limited to no more than

15 feet per second, but downstream conditions very likely will
impose more stringent controls. Consideration must be given to
the effect of high velocities and turbulence on the channel,
adjoining property and embankment . TABLE 8 is a tabulation of
maximum allowable velocities based on downstream channel

condition.

3.32 PROCEDURE FOR HYDRAULIC DESIGN OF CULVERTS
FORM F, included in the Section VIII, together with the
explanation for its use, shall be used for the hydraulic design of

culverts.

3.33 HYDRAULIC DESIGN OF BRIDGES
Wherever possible the proposed bridge should be designed
to span a channel section equal to the approaching channel

section. 1If a reduction in channel section is desired this should
be accomplished upstream of the bridge and appropriate'adjuétments
made in the hydraulic gradient.

Wherever possible bridges should be constructed to cross
channels at a 90 degree angle, which normally will result in the
most economical construction. Wherever -the bridge structure is
skewed . the bents should be constructed parallel to the flow of -
water. Values of K, head loss coefficient, normally will vary
from 0.2 to 0.5 with the exact value to be determined by an
appraisal of the particular hydraulic conditions associated with
the specific project. With a minimum of constriction and change

in velocity, a clear span bridge would have a minimum coefficient.
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This would increase for a multispan bridge, skewed or with piers
not placed perpendicular to the flow. The Bureau of Public Roadé
"Hydraulics of Bridge Waterways" should be used for determining
the K coefficient. '

In more complex bridge design such as long multiple
spans and relief structures crossing an irregular channel section,
the procedures outlined in the Texas Highway Department "Hydraulic
Manual® or the Bureau of Public Roads "Hydraulics of Bridge
Waterways, " should.be utilized.

A distance of 2 feet between the maximum design water
surface and the lowest point of the bridge stringers should be
maintained, based on Allen's criteria. '

3.34 QUANTITY OF FLOW

The quantity of -flow which the structure must convey

shall be calculated in accordance with the Procedure for

Determination of Design Discharge utilizing FORM A.

3.35 PROCEDURE FOR HYDRAULIC DESIGN OF BRIDGES
FORM G, included in the Section VIII, together with the

explahation for its use, shall be used for the hydraulic design of
bridges.

The Engineer should investigate several different bridge
configurations ‘on each project to determine the most economicél
that can be constructed within the velocity limitations and other
criteria included in this manual.

3.36 PROCEDURE FOR FILLING IN A FLOOD PLAIN

Fill and development of flood plains which is not
unreasonably damaging to the environment is permitted where it
will not create other flood problems. - Following arxe the
engineering criteria for fill requests:

1. Alterations of the flood plain shall result in no

increase in water surface elevation on other properties. No

alteration of the channel or adjacent flood plain will be
permitted which could result in any degree of increased flooding
to other properties, adjacent, upstream, or downstream. Increased

flood elevation could cause inundation and damage to areas not

III - 18
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presently inundated by the "design flood". The “design'flood" for
a creek is defined by either the 100-year flood -- the flood
having a one percent chance of being equalled or exceeded at least
once in any given year -- or the maximum recorded flood, whichever
results in the highest peak discharges. Streams on the Federal
Insurance Rate Maps must be designed using the FIRM 100-year
design or the City design, whichever is greater.

2. Alterations of the flood plain shall not create an

erosive water velocity on or off site. . The mean velocity of

stream flow at the downstream end of the site after fill_shall be .

no greater than the mean velocity of the stream flow under

existing conditions.

No alteration to the flood plain will be permitted which
would increase velocities of flood waters to the extent that
significant erosion of flood plain soil will occur either on the
subject property or on other property up or downstream. Soil
erasion results in loss of existing vegetation as well as augments
destructive sedimentation dJdownstream. Eventual public costs in
channel improvements and maintenance (such .as removal of debris
and dredging of lakes) can be expected as- a result. Staff's
determination of what constitutes an "erosive" velocity will be
based on analysis of the surface material and permissible

velocities for specific cross-sections affected by the proposed

_alteration, using standard engineering tables as a general guide.

3. Alterations of the flood plain shall be permitted

only to the extent permitted by egual conveyance on both sides of

the natural channel. Staff's calculation of the impact of the

proposed alteration will be based on the "egqual conveyance”
principle in order to insure equitable treatment for all property
owners. Under equal conveyance, if the City allows a change in
the flood carrying capacity (capacity to carry a particizlar'vdl'ume
of water per unit of time) on one side of the creek due to a
proposed alteration of the flood plain, it must also allow an
equal change to the owner on the other side. The combined change

corresponding alteration to the other side of the ci:eek, may not

52.
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cause either an increase in flood elevation or an ercsive velocity

(Criteria 1 and 2) or violate the other criteria. Conveyance is
mathematically expressed as KD = 1.486/n AR 2/3 where n =
Manning's friction factor, A = Cross sectional area, and R =

hydraulic radius.

4. The toe of any fill slope shall parallel the natural
channel to prevent an unbalancing of stream flow in the altered

flood plain. If the alignment of the proposed £ill slope departs

from the contours of the natural flood plain, the flow
characteristics of the flood waters may be altered, causing
possible damaging erosional and depositional effects 1in the
altered flood plain. 1f the fill slope follows the natural

channel, it will also tend to minimize the visual impact of the

alteration.

5.  To insure maximum accessibility to the flood plain

for maintenance and other purposes and to lessen the probability

of slope erosion during periods of high'water, maximum slopes of

filled area shall usually not exceed 4 to 1. Vertical walls,

terracing and other slope treatments will be considered only as a

part of a landscaping plan submission and if no unbalancing of

ctream flow results. The purpose of the slope restrictions are to

maintain stability and prevent erosion of the slopes, to. ease
maintenance (e.g. mowing) on the slopes themselves, and to provide
accessibility ‘to the areas below 'thé slopes. Being more
frequently inundated and therefore subject to greater hazard of
erosion, cut slopes must be shallower than £ill slopes.

6. Landscaping plan submission shall include plans for -

erosion control of cut and fill slopes, restoration of excavated

areas, and tree protection where possible in and below fill area.

Landscaping should incorporate natural materials {earth, stone,

wood) on cut or fill slopes wherever possible. Applicant should

show in plan the general nature and extent of existing vegetation
on the tract, and which areas will be preserved, altered, or
removed as a result of the proposed alterations. Locations and
constrﬁction details should be provided showing how trees will be
preserved in areas which will be altered by filling or paving
within the drip line of those trees. Applicant should also submit

plans showing location, type, and size of new plant materials and
other landscape features planned for altered flood plain areas.
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Erosion control plans should demonstrate "how the
developer intends to minimize soil erosion and sedimentation from
his éite during and after the £ill operation. Plans should
include a timing schedule showing anticipated starting and
completion dates for each step of the proposed operation. Area
and time of exposed soils should be minimized, and existing
vegetation should be retained and protected wherever feasible.
Disturba& areas should be sodded or covered with mulch and/or
temporary vegetation as quickly as possible. Structural measures
(e.g. drop structures, sediment ponds, etc.) should be utilized
where necessary for effective erosion control, but measures should
also minimize structures and materials which detract from the
natural appearance of the flood plain.

3.37 FILLING IN A 100 YEAR FLOODWAY FRINGE
| A. Definitions l

1. 100 Year Fldood Plain Elevation (100 Yr., F.P.El.)
That water surface elevation established by
applying the Manning Eqution (Q = 1.486/n AR 2/3
S 1/2) to the backwater analysis of a stream
{(river, creek or tributary) using the 100 year
storm as the rate of flow (Q). The 100 Yr. F.
P. ELl. are those based on the Corps of
Engineer's analysis and form the basis of the
Flood Insurance ‘Rate Map (FIRM) as adopted by
" the Federal Insurance Admlnlstratlon, .'or

subsequent amendments. ’

2. Flood Plain - Area of land lying below the 100

year flood plain elevation.

3. Floodway - That central portion of the flood
plain which would remain clear of filling or
other obstructions, unless modifications are
made within or along the stream bed to offset
the effect of additional fllllng or obstructlons

‘“w1th1n”the flooﬁway. _ o
4. Floodway Frlnge.— Area between flood éiéln llne
and the floodway line which, if filled, would
not produce a significant rise in the 100 year

flood plain elevation. : E;z%



Significant Rise - A rise in the 100 year water
surface elevation greater than one (1) foot for
fill on both sides of a stream or one-half {OlS)
feet for fill on one side of a stream.

Floodway Line - The inter-boundary of the
floodway fringe determined by filling within a
flood plain along the entire reach of a stream
in such a manner that the total cumulative
effect of the filling will not create a
significant rise in the 100 year water surface
elevation.

Equal Conveyance Principle - An area of the
cross section of a stream in its existing
condition carrying é percentage of the stream
flow, will continue to carry the same percentage
of the stream flow after filling in the flood
plain occurs without creating a significant

rise in the 100 year flood plain elevation.

B. Criteria for Filling in the 100 Year Floodway Fringe

1.

3.

‘development within a flood plain, the downstream

applies only to creeks or portions of creeks
with a drainage area of five (5) square miles,
or less.

Fill and development of the flood plains shall
not create a "significant rise" in the 100 year
flood plain elevation. i ' e
For £ill and/or other development within the
floodway, supporting hydraulic analysis will be
required prior to or at the time of submittal of
the preliminary plat demonstrating that the
proposed development will not create a
"significant rise" in the "100 year flood plain
elevation®.

In beginning a backwater analysis for

water Surface elevation will be detérmined as =~

follows:

23
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A. For fill on one side only of a stream, add
one~half (0.5) feet to the 100 year flood
plain elevation at the downstream property
line.

B. For fill on both sides of a stream, add one
(1.0) foot to the 100 year flood plain
elevation at the downstream property line.

Alterations of the floodway shall not create

velocities which could produce maximum erosive

velocities in excess of those set forth in Table

7.

Floodway Line shall be established in accordance

with the definition in (A) above. |

Equal Conveyance shall be required in accordance

with the definition of Egual Conveyance

Principle in (A) above. )

The xequiremepts of 3.36, Paragraphs 4,5, and 6

shall apply.
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IV - CONSTRUCTION PLANS PREPARATION
4.01 GENERAL
This section covers the preparation of = drainage

construction plans for the City of Allen.

4.02 PRELIMINARY DESIGN PHASE

The preliminary design phase shall be complete in
sufficient detail to allow review. by  the City of Allen. To
complete this phase, all topographic surveys should be furnished
to allow establishment of alignment, grades and right-of-way
requirements. These may be accomplished by on-the-ground field
surveys, by aerial photogrametric methods, or by use of the
topographic maps available at the City of Allen.

Based upon the procedures and criteria outlined in
SECTION III, CRITERIA ANDVDESIGN PROCEDURES, of this manual, the
hydraulic design of the proposed facilities shall be accomplished.
All calculations shall be made on the appropriate forms and
submitted with the preliminary plans.

These plans shall show the éiignment, drainage areas,
size of facilities and grades.

a. Preliminary Plans

Preliminary storm drainage plans shall include a
cover sheet, drainage area map,..plan-profile sheets _.and channel
cross sections if reQuired. The proposed imprbvements shall be
drawn on 24-inch by 36-inch sheets.

b. Drainage Area Map

The scale of the drainage area map should be
determined by the method to be used in calculating the runoff as
discussed in Section III. Generally, a map having a scale of 1" =
200' (showing the street right-of-way) is suitable unless dealing

with a large drainage area. For large drainage areas a map having

a scale of 1" = 2000' is usually sufficient; When calculating

runoff, the drainage. area .map shall show the boundary of the
drainage are contributing runoff into the proposed system. This

boundary can usually be dgterminéﬁ'frbm_a map ‘having .a "“contour
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interval of 2 to 5 feet. The area shall be further divided into
sub-areas to determine flow concentration points or inlet
locations. |

Direction of flow within streets, alleys, natural and
man-made drainage ways and at all system intersections shall be

clearly shown on the drainage area map. Existing and proposed

drainage inlets, storm sewer pipe systems and drainage channels.

shall be clearly shown and differentiated on the drainage area
map . Plan-profile storm sewer oxr drainage improvement sheet
limits shall also be shown.

‘¢. Plan-Profile Sheets

Inlets shall be given the same number designation as
the area or sub-area contributing runoff to the inlet. The inlet
number designation shall be shown opposite the inlet. Inlets
cshall be located at or immediately downstream of drainage
concentration points. At intersections, where possible, the end
of the inlet shall be ten feet from the curb radius and the inlet
location shall also provide minimum interference with the use of
adjacent property. Inlet locations directly above storm sewer
lines shall be avoided.

Data opposite each inlet shall include paving or storm
sewer stationing at centerline of inlet, size of inlet, type of
inlet, number or designation, top of curb elevation and flow line
of inlet as shown on the typical plans. Inlet laterals ieading to
storm sewers, where possible, shall enter the inlet at a 60 degree
angle from the street side. Laterals shall be four and one-half
feet from top of curb to flow line of inlet unless utilities or
storm sewer depth requires otherwise. Laterals shall not enter
the corners of inlets.

In the plan view, the storm sewer designation, size of
pipe, and length of each size pipe shall be shown adjacent to the
storm sewer. The sewer plan shall be stationed at one hundred
foot intervals and each sheet shall begin and end with even or
fifty foot stationing.
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The profile portion of the storm sewer plan-profile
sheet shall show the existing ground profile along the centerline
of proposed sewer, the hydraulic gradient of the sewer, the
proposed storm sewer, and utilities which intersect the alignment

of the proposed storm sewer. Also shown shall be the diameter of

the proposed pipe in inches .and the physicai grade in percent.

Hydréulic data for each length of storm sewer between interception
points shall be shown on the profile. This data shall consist of
pipe diameter in inches, discharge in cubic feet per second, slope
of hydraulic gradient in percent, capacity of pipe in cubic feet
per second and velocity in feet per second. Also, the head loss
at each interception point shall be shown. _
Elevations of the flow line of the proposed storm sewer
chall be shown at one hundred foot intervals on the profile.
stationing and flow line elevations shéll also be shown at all
pipe grade changes, pipe size changes, lateral connections,

manholes and wye connections.

4.03 FINAL DESIGN PHASE

puring the final design phase the construction plans

shall be placed in final form. All sheets shall be drawn in ink
on 24-inch by 36-inch linen tracing cloth or mylar drafting film
or equivalent and shall be clearly legible when sheets are reduced
to half scale. -

Review comments shall be considered, additional data
‘incorporated and the final design and drafting of the plans
completed. All grades, elevations, pipe sizes, utility ocations,
items and quantities should be checked and each plan-profile sheet

should have a bench mark shown.
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V - APPENDIX

DEFINITION OF TERMS

Angle of Flare

Conduit

Control

Critical Flow

Entrance Head

Entrance Loss

Flume

Freeboard

Hydraulic Gradient

Manning Equation

Open Channel

Angle between direction of wingwall
and centerline of culver or storm
drain outlet.

Any closed device for conveying
flowing water. .

The hydraulic characteristic which
determined the stage-discharge
relationship in & conduit.

The state of flow for a given
discharge at which the specific
energy is a minimum with respect to
the bottom of the conduit.

The head required to cause flow into
a conduit or _other structure; it
includes both entrance loss and
velocity head.

Head lost in eddies or friction at
the inlet to a conduit, headwall or
structure.

Any open conduit on a prepared
grade, trestle or bridge.

The distance between the normal

operating level and the top of the
side of an open channel Jleft +to
allow for . wave action, floating
debris, or any other condition or
emergency without overflowing
structure.

A line representing the pressure
head available at any given point
within the system.

The uniform flow equation used to
relate velocity, hydraulic radius
and energy gradient slope.

A channel in which water flows with
a free surface.

@
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Rational Formula

Steady Flow

Surcharge

Time of

Concentration
Total Head Line

(Energy Line)

. Uniform Channel

l Uniform Flow

The means of relating runoff with
the area being drained and +the
intensity of the storm rainfall.
Constant discharge.

Height of water surface above the
crown of a closed conduit at the
upstream end.

The estimated time ~in minutes
required for runoff to flow from the
most remote section of the drainage
area to the point at which the flow

is to be determined.

A line representing the energy in

flowing water. It is plotted a

distance above the profiles of the
flow line of the conduit equal to
the normal depth plus the normal
velocity head and plus the pressure
head for conduits flowing under
pressure.

A. channel with a constant cross
section and roughness coefficient.

A condition of flow in which the

discharge, or quantity of water

“'flowing per unit of time, and the

velocity are constant. Flows will
be normal depth and can be computed

by the Manning Equation..

Watershed The area drained by a stream or
drainage system.
5.02 ABBREVIATION OF TERMS AND SYMBOLS
' A ' Drainage area in acres of tributary

watershed. Cross—sectional area of

gﬁtter EFlow in square feet.
Cross-sectional area of flow through
conduit in square feet.
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P

c.f.s.

FL
f.p.s.

HwW

Sub-section area in sqguare feet as
used on unimproved channel
calculations. '

Bottom width of channel in feet.
Runoff Coefficient for use in
Rational Formula representing the
estimated ratio of runoff to
rainfall which is dependent on the
slope of the watershed, the land use
and the character of soil.

Street crown height in feet.

A coefficient related to drainage
basin characteristics and used in
Unit Hydrograph calculations.

A coefficient related to drainage
basin characteristics and used in .
Unit Hydrograph calculations.-

Cubic feet per second.

Depth of flow in feet.

Normal depth of flow in conduit
feet.

Critical depth of flow in conduit

_ feet.

Fiow line.

Feet per second.

Gravitational acceleration (32.2 féet
per second per second).

Depth of flow in feet required to
pass a given discharge.

Depth of flow in feet.

Headwater elevation or depth above

invert at storm drain entrance in

feet .. o, e [ U .
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Vertical distance from downstream
culvert flow line to the elevation
from which H is measured, in feet.

Head loss due to friction in a

length of conduit in feet.

Head loss at junction structures,
inlets, manholes due to turbulence
in feet.

Velocity head loss in feet.
Intensity, in inches per hour, of
rainfall over an entire watershed.
Head loss coefficient at bridges.
Coefficient of entrance loss.

head

junctions, inlets and manholes.

Coefficient for loss at
Length of channel in miles measured
along flow line.

Length of
design point to center of gravity of

stream in miles from

drainage area and used in Unit
Hydrograph calculations.

Length of'
feet.
Initial and

curb opening inlet in

subseguent rainfall

. losses in --inches and used in- Unit

Hydrograph calculations.

Ccoefficient of roughness for use in
the'Manning Equation.

Length in feet of contact between

water and the conduit

flowing
measured on a

(Wetted Perimeter)

Cross section.

Storm water flow in c.f.s.

Peak flow in c.f.s. as determined by

«~—Rat ional-Method. = = -

peak flow in c.f.s. as determined by
Unit Hyudrograph Method.

G®
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Peak rate of discharge of the Unit
Hydrograph for unit rainfall
duration in c.f.s. per square mile.
Peak rate of discharge of the Unit
Hydrograph in c.f.s.

Hydraulic Radius =

Cross section area of flow in sqg.ft.

Wetted perimeter in ft.
Total runoff in inches as used in
Unit Hydrograph calculations.
Slope of street, gutter or hydraulic
gradient in feet' per foot or
percent.
That particular slope in feet per
foot of a given uniform conduit
operating as an open channel at
which normal depth and velocity
equal critical depth and velocity

for a given discharge.

Design storm runoff in inches for a

two-hour period.

Friction slope in feet per foot in a
conduit. This represents the rate
of loss in the conduit due to
friction.

Time of Concentration in minutes:
Lag time in hours from the midpoint
of the unit rainfall duration to the
peak of the Unit Hydrograph.
Tailwater elevation of depth above
invert at culvert outlet.

Velocity o? flow in feet per second.
Mean velocity of flow at upstream
end of inlet opening in feet per
second. ‘ '
Critical velocity of flow in a

conduit in feet per second.

e
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Velocity head. A measure, in feet,
of the kinetic energy in flowing
water. | -

Street width from face of curb in
feet. '

Wetted perimeter in feet.

Reciprocal of crown slope, 1/00.
Crown slope of pavement in feet per
foot.

Conveyance factor calculated for

unimproved channels.
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TABLE 1

COEFFICIENTS OF RUNOFF AND MINIMUM INLET TIMES

Land Use

Single Family
Residential or Duplex

rPatio Home, Townhouse

Commercial

Industrial

Multiple Unit Dwelling
Parks

Cemeteries

Pasture

Woods

Cultivated

shopping Centers

Paved Areas

Schools

\Ya s

?

Runoff
Coefficient C

0.5
0.8

A

Minimum
Inlet Time
In Minutes

15
15
10
10
10
15
15
15
15
20
10°
10

15

/g




TABLE 2 ' . _

COEFFICIENTS "Ct" AND "CPGQO"

Approximate Approximate
Value of Value of
Drainage Area Characteristics . ”Ct" "C_ 640"
. ) v
sparsely Sewered Area
Flat Basin Slope {(less than 0.50%) 0.65 350
Moderate Basin Slope {(0.50% to 0.80%) 0.60 370
Steep Basin Slope (greater than 0.80%) 0.55 390
Moderately Sewered Area
Flat Basin Slope (less than 0.50%) 0.55 . 400
Moderate Basin Slope (0.50% to 0.80%) 0.50 420
Steep Basin Slope (greater than 0.80%) 0.45 440
"Highly Sewered Area '
Flat Basin Slope (less than 0.50%) 0.45 450
Moderate Basin Slope (0.50% to 0.80%) 0.40 470
Steep Basin Slope (greater than 0.80%) 0.35 © 490
TABLE 3
MINIMUM SLOPES F_OR CONCRETE PIPES .
(n= 0.013)
Pipe Diameter Slope Pipe Diameter Slope
(Inches) (Feet/100 Feetlop ¥, {Inches) (Feet /100 Feet joe:
15 0.230 : 51 0.045
i8 . 0.180 54 0.041
21 . 0.150 60 0.036 -
24 0.120 66 0.032
27 0.110 72 0.028
30 0.090 78 0.025
33 0.080 84 0.023
36 0.070 | 90 0.021
39 Q.0662 7 96 T i TTTEL019
42 0.056 102 0.018 .
45 0.052 108 0.016

48 0.048
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TABLE 4

MAXIMUM VELOCITIES Iﬁ CLOSED CONDUITS

Type of Conduit Maximum Velocity

Culverts 15 f.p.s.

Inlet Laterals No Limit

Storm Sewers 12 f.p.s.
TABLE 5

ROUGHNESS COEFFICIENTS FOR CLOSED CONDUITS

Recommended
_ Roughness Coefficient

Materials of Construction o "n" :
New Monolithic Concrete Conduit 0;015
Concrete Pipe Storm Sewer

Good Alignment, Smooth Joints 0.013

Fair Alignment, Ordinary Joints | 0.015

Poor Alignment,-Poor Joints " 0.617
Concrete Pipe Culverts 0.012
Mdnoliﬁhic Concrete Culverts 0.012
Corrugated Metal Pipe 0.024
Corrugated Metal Pipe (Smooth Lined) - 0.013
Corrugateé Metal Pipe Arch 0.024

7/l
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TABLE &

VELOCITY HEAD LOSS COEFFICIENTS

FOR CLOSED CONDUITS

@

MANHOLE ON MAIN"LINE WITH
BRANCH LATERAL OR WYE CONNECTION

-

(a3 1a]

HEAD LOSS
DESCRIPTION ' ANGLE F‘gﬂo OF COEFFICIENT
2/05 Kj
< .20 0.40
. o &0° 2010 .60 0.50
Angie-s~ 92 %2 : > 80 060
F_’é g = - < .20 0.20
: Q Q : - 45° .20 to .60 0.30
| - > .60 0.40
MANHOLE AT CHANGE IN PIPE DIRECTION
HEAD LOSS
DESCRIPTION : ANGLE COEFFICIENT
Kj
. 90° 1.00
Mg,,‘_;%-\___ﬁ 60° 0.80 ‘
~r 45° 0.65 .
30° 0.50
" BENDS IN PIPES
HEAD LOSS
DESCRIPTION ANGLE COEFFICIENT
| : K
- 90° 080
: 60° 060
Angle \ . 45° 0.50
L IE— -] ‘
| 300 0.4%
ENLARGEMENTS IN PIPE SIZES
WITH CONSTANT FLOW
RATIO OF UPSTREAM DIAMETER HEAD LOSS
DESCRIPTION 70 DOWNSTREAM DIAMETER COEF’;‘?’E”T
0.8l 1.00
0.82 0.90
0.84 0.80 .
w o . 0.85 0.70
0.86 0.60
0.88 0.50
0.90 72 0.40



TABLE 7

ROUGHNESS COEFFICIENTS FOR OPEN CHANNELS
Roughness Coefficient

Channal Description

MINOR NATURAL STREAMS - TYPE | CHANKEL

Moderately Well Defined Channel
Grass and Weads, Little Brush
Denss Weeds, Little Brush
weeds, Light Brush on Banks
Weeds, Heavy Brush on Banks
Weeds, Dense Willows on Banks

Irrequiar Channel with Pools and Meanders
Grass and Wesds, Littie Brush
Dense Weeds, Littla 8rush
Yeeds, Light Brush on Banks
Weeds, Heavy Brush on Banks
Weeds, Dense Willows on Banks

Filood Plain, Pasture
Short Grasa, No Brush
Tall Grass, Ho Brush

Flood Plain, Cultivated
No Crops
Mature Crops

Flood Plain, Uncleared
Heavy Weeds, Light Brush
Medium to Dense Brush
Trees with Flood Stuge below Branches

MAJOR NATURAL STREAMS - TYPE | CHANNMEL

The roughness coefficient is less than that for
minor streams of similar description because

banks offer Tess offective resistance,

Moderately Well Defined Channeli
irreqular Channel

UNLINED VEGETATED CHANNELS - TYPE | CHANNEL

Mowed Grass, Clay Soil
Mowed Grass, Sandy Seil

UNLINED XON-VEGETATED CHANNELS - TYPE ([ CRARNEL

Clean Gravel Section
Shale
Smooth Rock

LIKED CHANNELS - TYPE 1Hl

Saooth Finished Concrete
Riprap (Rubbie).

VI

Mininua

0.025
0.030
0.030
0.035
¢.0u0

0.030
0.038
0.036
0.042
0.0u8

0.028
0.030

0.025%

 0.030

0.63%
0.070
0.080

0.025
0.035

0.025
0.025

0.022
G.025
0.025

0.013
€.030

Normal

0.030
0.035
0.035
0.0%0
0.060

0.03¢8
0.042
o.ou2
0.060
0.072

0.030
0.0358

0.080
0. 100
0.i00

e )

0.030
0.030

0.025
0.030
€.030

0.015
0.08G

Max imum

0.033
¢.0u0
0.040
0.060
0.080

0.042
0.0u3
0.0u8
0.072
0.09¢

0.038
0.080

-~ 0.035

0.080

0. 160
0.120

0.060
g. 100

0.035
0.036

0.030
0.038
0.035

0.020
¢.050

Maximum
Yelowity

& o e o e

- e ;oo

m .

[<- 2% -

o
s

15
12

/3



TABLE 8

CULVERT DISCHARGE VELOCITIES

Culvert Discharges

On

Earth (Sﬁndy}
Earth (Clay)
Sodded Earth
Concrete
Shale

Rock

T o 7

Maximum Allowable

Velocity {f. p.s.)
| 6
8
8
15 @
10

15

4



FIGURE
NUMBER

Vil - LIST OF FIGURES

TITLE

10

11

12

13

14

15

RAINFALL INTENSITY AND DURATION '

TIME OF CONCENTRATION FOR SURFACKE FLOW
CAPACITY OF TRIANGULAR GUTTERS

CAPAGITY OF PARABOLIC GUTTERS
(26' and 36' Streets)

CAPACITY OF PARABOLIC GUTTERS
{(44' and 48' Streets)

CAPACITY OF ALLEY SECTIONS
STORM DRAIN INLETS

RECESSED AND STANDARD CURB OPENING INLET ON
GRADE (1/4"/1' Cross Slope)

RECESSED AND' STANDARD CURB OPENING INLET ON
GRADE (3/8"/1' Cross Slope; 44' and 48! Streets)

RECESSED AND STANDARD CURB OPENING INLET ON. . ...

GRADE (1/2"/1' Cross Slope; 36' Street)

RECESSED AND STANDARD CURB OPENING INLET ON
GRADE (26' Street)

RECESSED AND STANDARD CURB OPENING INLET ON
GRADE (10', 12', 16', and 20! Alleys)

RECESSED AND STANDARD CURB OPENING INLET AT
LOW POINT -

TWO GRATE COMBINATION INLET ON GRADE

FOUR GRATE COMBINATION INLET ON GRADE

v - 1 | -75
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FIGURE
NUMBER

TITLE

16

17
18
19
20
21
22
23
24

25
26

27

28

29

30

THREE GRATE INLET AND THREE GRATE
COMBINATION INLET ON GRADE

TWO GRATE INLET ON GRADE

FOUR GRATE INLET ON GRADE

SIX GRATE INLET ON GRADE

COMBINATION INLET AT LOW POINT

GRATE INLET AT LOW POINT

DROP INLET AT LOW POINT -

CAPACITY OF CIRCULAR PIPES FLOWING FULL
OPEN CHANNEL TYPES

HEADWATER DEPTH FOR BOX CULVERTS WITH INLET
CONTROL ‘

HEADWATER DEPTH FOR CONCRETE PIPE CULVERTS
WITH INLET CONTROL

HEAD FOR CONCRETE BOX CULVERTS FLOWING FULL

HEAD FOR CONCRETE PIPE CULVERTS FLOWING FULL

CRITICAL DEPTH OF FLOW FOR RECTANGULAR
CONDUITS

- CRITICAL DEPTH OF FLOW FOR CIRCULAR CONDUITS

VI - 2 7&



VIII - LIST OF FORMS

FORM

A STORM WATER RUNOFTF CALCULATIONS -

B INLET DESIGN CALCULATIONS

C STORM SEWER CALCULATIONS

D WATER SURFACE PROF&L}: CALCULATIONS
E OPEN C.HANNEL CALCULATIONS
F HYDRAULIC DESIGN OF CULVERTS
G BRIDGE DESIGN CALCULATIONS

y of each applicable form must be submizted to the

Note: A cop

Engineering Department showing design ¢alculations with

. all storm drainage construction plans.
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STORM WATER RUNOF ¥ CALCULATIONS, FORM A

Column 1 Location of the drainage structure for which the runoff
calculation is being made or a design point on an open

channel.

Columns 2 through 6 are to be used in calculating runoff by the Rational

Method.

Colurnn 2 Obtained from TABLE 1, or FIGURE 2 .

Column 3 Using the appropriate Design Storm Frequency, and
the Time of Concentration in Column 2, the Intensity
is obtained from FIGURE l.

Column 4 . Size of the drainage area tributary to the point of de-
sign shown in Column 1.

Column 5. Taken from TABLE 1 and is a weighted composite
value if several different zoning districts fall within
the drainage area.

Column 6 " Column 3 multiplied by Columns 4 and 5.

Columns 7 through 19 are to be used in calculating runoff by the Unit

7% -

el d

Hydrograph Method,



H . S -

Column 7

Colummn 8

Column 9

Column 10

Column 11
Column 12

Column 13

Column 14

Column 15

Taken from TABLE 2.

Measured distance along the stream course from the
uppermost limit of the drainage area to the point of

design shown in Columm l.

Measured distance along the stream course from the

point of design shown in Column 1 to the measured

- center of gravity of the drainage area.

A computed value using the values shown in

Columns 7, 8 and 9.
Taken from TABLE 2.

Column 11 divided by Column 10.

Size of the drainage area tributary to the point of de~

sign shown in Column l.
Column 12 multiplied by Column 13.

Using the appropriate Design Storm Frequency and a

duration of two hours, this value is obtained from

FIGURE 1.

7
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Column .16

Column 17

Column 18

Column 19

Column 20

Obtained by multiplying the value in Column 15 times two,

Constant value of 1.11 inches for the Plano geographic

area.
Result of subtracting Column 17 from Column 16.
Column 14 multiplied by Column 18.

The flow used for design depends on the size of the drain-
age area, If the size of the drainage area is less than

600 acres, Qp should be entered. If the drainage area is

larger than 600 acres and smaller than 1200 acres, the

larger of the two flows (Qr and Qu) should be entered.
If the drainage area is larger than 1200 acres, Q,

should be entered.

VI - 4 ' %]
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INLET DESIGN CALCULATIONS, FORM B

Colummn 1 Inlet number or designation. The first inlet shown is

the most upstream.
Column 2 Construction plan station of the inlet.

Column 3 Design Storm Frequency and is game as the Design

Storm Frequency of the storm sewer.

Column 4 Time of concentration for each inlet is taken from

TABLE 1, or FIGURE 2

Colurmn 5 Using the time of concentration and the Design Storm

Frequency, rainfall intensity is taken from FIGURE l.

Column 6 Runoff Coefficient is taken from TABLE 1 according to

the zoning of the drainage area.

Column 7 Area drained by the specific inlet. Care should be
taken to keep the drainage area flow separated into the

appropriate street gutters.

Column 8 Product of Column 5 multiplied by Columns 6 and 7.

VoI - 5 g’
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Column 9

Column 10

Column 11

Column 12

Column 13

Column 14

Column 15

Column 16

If there is any flow which was not fully intercepted by

an upstream inlet, it should be entered here,
Sum of Calm’n_ns 8 and 9.

Capacity of the street gutter, in which the inlet is lo-.
cated, from either FIGURES 3, 4, 5. or 6. If the total
gutter flow shown in Column 10 is in excess of the value
in Column 11 the inlet should be moved upstream. If it
is subst.antiaily less than the value in Column 11, an
investigation should be made to see if the inlet can be

moved downstream.

Street gutter slope to be used in selecting the proper

size inlet.

Crown type of the street on which the inlet is located.

Selected size of the inlet taken from FIGURES 8

through 22.
Inlet type taken from FIGURE 7.

If the selected inlet does not intercept all of the gutter
flow, the difference betweén the twé values should be
entered here and in Column 9 of thé. inlet which will .
intercept the flow.

2z
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Column 1

Column 2

ﬂ Colurmm 3

Column 4

Ii

Column 5

Column 6

Column 7

STORM SEWER CALCULATIONS, FORM C

 Upstream station of the section of conduit being

designgd; Normally, this would be the point of 2
change in quan{:ity of flow; such as an inlet, or a

change in grade.

Downstream station of the section of conduit being

designed.

Distance in feet between the upstream and downstream

-

stations.

Drainage sub-area designation irom which flow enters

the conduit at the upstream station.

Area in acres of the drainage sub-area entering the =~ "7

conduit,

Runoff coefficient, obtained from 'I‘ABLE 1, based on

the characteristics of the subdrainage area.

Column 5 multiplied by Column 6.

VII -7 QS



Column 8

Colamn 9

Column 10

Column 11

Column 12

Column 13

Colurmmn 14

Obtained by adding the value shown in Column 7 to the

value shown immediately above in Column 8.

This time in minutes is transposed from Column 20

on the previous line of calculations. The original time
’ ’

shall be equal to the time of concentration as shown on

TABLE 1 or FIGURE 2, whichever value has been used.

Design Storm Frequency.

Using the time at the upstream station shown in Col-

umn 9 and the Design Storm Frequency shown in Col- .

umn 10, this value is taken from FIGURE 1.
Column 8 multiplied by Column 11.

This sl&pe should be corpputed from the profile of the
glrc,”t;nd surfa.ce;.m Normally, ;he ﬁyd:-:'-at‘:;inic graéient will
have a slope approximately the same as the proposed
conduit and will be located above the inside crown of |

the conduit.

Utilizing the values in Columns 12 and 13, a conduit
size should be selected. In the case of concrete pipe,

FIGURE 23 may be used. - .

VI - 8 | - @4-



Column 15 Velocity in the selected conduit based on the values in
. Columns 12, 13 and 14. Taken from FIGURE 23 for

concrete pipe.

_Column 16 Coefficient is taken from TABLE 6 based on the physical

conditions which will exist at the upstre_am station.

Column 17 Calculation is made utilizing the values of Columns 15
and 16.
Column 18 Calculation is based on the values of Colummns 3 and 15,
Column 19 ' Sum of Columns 9 and 18.
Column 20 Special design comments may be entered here.
l VIII - 9
- <5



WATER SURFACE. PROFILE CALCULATIONS, FORM D

Column 1

Column 2

- Column 3

Column 4

Column 5

Column 6
Coiumn 7

Column 8

At each point where a water surface elevation is desired,
a cross section must be obtained. The sections are num-
bered and subdivided according to the assigned roughness

coefficient.

Known or assumed water surface elevation at the par-

ticular section.
Distance along the channel between sections.

Area of sub-section calculated from plotted-cross sec~

tions.

Wetted perimeter of each sub-section exclusive of the

_water interfaces between adjacent sub-sections.

Column 4 divided by Column 5. (Hydraulic Radius)
Column 6 raised to 2/3 power.

Roughness coefficient for Manning's formula from

TABLE 7.

VI - 10 | Lo



Column 92

Column

Colurmn

Column

Column

Colurmn

Column

Column

Column

Column

10

11

12

13

14

15

16

17

18

Column 4 multiplied by 1,486 and the product divided

by Column 8.
Column 9 multiplied by Column 7.

The total flow shown in the upper left of the calcula-
tion form divided by Column 10 and squared, which is

the friction slope.
Average friction slope between sections.
Column 12 multiplied by Column 3.

Flow in each individual sub-section. Varies directly
with the conveyance factor shown in Column 10. The

sum of the values must equal the total flow.
Column 14 divided by Column 4.

Column 15 squared.

Column 16 multiplied by Column 14,

Sum of the values in Column 17 of a particular section

VI - 11
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Column 19

Column 20

Column 21

Column 22

divid_ea by twice the acceleration of gravity and

multiplied by the total flow,

Algebraic difference in velocity heads between sec-

tions.

Eddy losses are caluclated as 10 percent of the value

of Column 19 when such value is positive and 50 per-

cent of the value of Column 19 when such value is neg-

atiﬁ'e.
Sum of Célumm 13, Column 19 and Column 20,

The sum of the value shown in Column 2 for the
previous section and the value in Column 2l. I the

elevations calculated for subsequent sections do not

agree within 2 reasonable limit with the assumed ele-

vations shown in Column 2 for that particular section,

then the assumed elevations for such sections must be

revised and the section properties recomputed until the

desired accuracy is obtained. An accuracy of 1 0.3 feet

is considered a reasonable limit,

VIII - 12
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Column 1

Column 2

Columxi 3
Column 4

Colurnn 5

Column 6

Column‘ 7
Column 8
Column 9
Column 10

Column 11

OPEN CHANNEL CALCULATIONS, FORM E

Downstream limit of the section of channel under

consideration.

Upstream limit of the section of channel under consider-

ation,
Type of channel as shown in FIGURE 24 is entered here,
Flow in the section of channel under consideration.

Roughness coefficient of the channel cross section taken

from TABLE 7.

Slope of the channel which is most often parallel to slope

of the hydraulic gradient.

Square root of Column 6.
Calculation is made using the values in Columns 4, 5and 7.
Assumed width of the bottom width of the channel.

Assumed depth of flow.

"Assumed slope of the sides of the channel.

vViI - 13



Column 12 Area of flow which is calculated based on Columns 9,
10 and 11.

Column 13 Wetted perimeter calculated from Columns 9, 10 and
11.

Column 14 . Value isg calculated from Columns -1'2 and 13.

Column 15 Column 14 raised to 2/3 power.

Column 16 Product of Column 12 times Column 15.

 When the value of Column 16 equals the value of Column 8 the channel bas
been adequately sized. When the value of Column 16 exceeds the value of
Column 8 by more than five percent then the channel width or depth should

be decreased and another trial section analyzed.

Column 17 Calculé_tion is based on the values of Colurnns 4 and 12.
Column 18 Calculation is based on Column 17.
Column 19 ' Remarks concerning the channel section analyzed may

be entered.
Note: Form E should be used only to size open channels. Form D should

be used to calculate stream profile.

:T.
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HYDRAULIC DESIGN OF CULVERTS, FORM F

INFORMATION IN UPPER RIGHT OF SHEET: ‘

Culvert Location - This is a word description of the physical
location.

Length - The actual length of the culvert.

Total Dischai'ge, QT | - This is the flow computed on FORM A, '

Design Storm Frequency - Obtained from TABLE 1 and used
on FORM A.

Roughness Coeifici‘ent, n - Obtained from TABLE 5,

Maxirﬁmn Velocity - Obtained from TABLE 4.

Tailwater - This is the design depth of water in the downstream

channel and is obtained in connection with the channel design performed on

FORM D or FORM E.

T D.S. Channel Width - ~This isthe bottorn width of the downstream
channel obtz;.ined from the calculations on FORM E. The culvert should be
sized to appro:ﬁmate this width whenever possible.

Entrance Description - This is a listing of the actual condition:
as shown in the "Culvert Entrance Data'' shown on the calculation sheet.

Roadway FElevation - The elevation of the top of curb at the up«

stream end of culvert.

viI - 15 ql



. :
U.S. Culvert F.L. =- The flow line of the culvert at the
upstream end.
Difference - The difference in elevations of the roadway and
the upstream flow line.
Required Freeboard - The vertical distance required for saf.ety
bet-weeﬁ the upstream design water st:;rface and the roa.dway elévatioﬁ or
such other requirements which may occur because of particular physical
éonditions.
Allowable Headwater - This is obtained by subtracting the
freeboard from the difference shown immediately above,
D.S. Culvert F. L. - The flow line elevation of the downstrean.
end of the culvert.
Culvert Slope, S, - This is the physical slope of the structure

calculated as indicated.

Columns 1 throughlﬁdeafthhselectmn of trial culvert size and are ex-

plained as follows:

Column 1 Total design discharge, Q, passing through the culvert
divided by the allowable maximum velocity gives trial -

total area of culvert opening.

VI - 16 - ' 6?2



Column 2 Culvert width should be reasonably close to the channel

bottom width, W, downstream of the culvert,

Column 3 Lower range for choosing culvert depth is trial area of
culvert opening, Column 1, divided by channel width,

Column 2.
Column 4 Allowable headwater obtained from upper right of sheet.

Colurnn 5 Trial depth, D, of culvert corresponding to available
standard sizes and between the numerical values of

Columns 3 and 4.

Columns 6, 7 and 8 are solved simultaneously based on providing a total

area equivalent to the trial area of opening in Column 1.

Column 6 Number of culvert openings.
Column 7 Inside width of one opening..
Column 8 | Inside depth of one opening if culvert is box structure or

diameter if culvertis pipe.

Colurmm 9 Column 6 multiplied by Column 7 and Column 8.

T eslumn 10 © Total discharge divided by number of openingls shown

in Column 6.

VIII - 17 - g3



Columns 11 thr;augh 15 (Inlet Control) and 16 through 27 (Outlet Control)

deal with Headwater Calculations which verify hydraulics of trial __cﬁlvert

selected and are explained as follows:

Column 11

Column 12

Column 13

Column 14

Column 15
Column 16

Column 17

Column 18

Obtained from upper right of sheet.

When the allowable headwater is ‘equal to or less than
the value in Column 8, enter Case I. When the allow~
able headwater is more than the value in Cc;lumn 8,

enter Case Il

Column 10 divided by Colurma 7. . .

Obtained from FIGURE 25 for box culverts or

FIGURE 26 for pipe culverts.

“Column 14 multiplied by Column 8.
Obtained from upper part of sheet,

Obtained from FIGURE 27 for box culverts and

FIGURE 28 for pipe culverts.

Tailwater depth from upper right of sheet.

VI - 18 q4



Column 19

Column 20

Column 21

Column 22

Column 23
Column 24

Colurmn 25

Column 26

Columﬁ 27

Column 28

So» culvert slope, multiplied by culvert length, both

obtained from upper right of sheet.
Sum of Columns 17 and 18 minus Column 19.

Obtained from FIGURE 27 for box culverts and

FIGURE 28 for pipe culverts.

Critical depth obtained from FIGURE 29 for box cul-

verts and FIGURE 30 for pipe culverts,
Sum of Columns 22 and 8 divided by two.
Tailwater depth from upper right of sheet.

Enter the larger of the two values shown in Column 23

or Column 24.

Previcusly calculated in Colurmn 19 and may be trans-

posed.
The surm of Columns 21 and 25 minus Column 26.

Enter the larger of the values from either Column 15,

Column 20 or Column 27. This determines the controll-

ing hydraulic conditions of the particular size culvert

investigated,

viI - 19 :
.

o 4



Column 29

When the Engineer is satisfied with the hydraulic
investigations of various culverts and has determined
which would be the most economical selection, the

~

description should be entered.

VI - 20 ) | Al



BRIDGE DESIGN CALCULATIONS, FORM G

Columns 1 &2

Column 3

Column 4

Column 5

Column 6

Column 7

Column 8

Column 9

Column 10

Obtained from calculations on FORM A.

Assume an average velocity that is less than the maximum

allowable velocity and more than 4 feet per second. Maxi-

mum velocities are equal to those specified for open

channels.

Total flow as shown on upper part of sheet divided by

Column 3.

Column 4 givided by Column 2.

Selected bridge length utilizing standard span lengths.
Calculated from Sridge and channel geometrics.

Total flow through bridge divided by Column 7.

Selected head loss coefficient based upon specific condi-

tions.

Calculated utilizing values in Columns 8 and 9.

VIl -‘21 6?7
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EXAMPLE

Known: )

Major Theroughtare, Type C
Pgvement Width = 33'
Gutter Sicpe = [LO%
Pavement Cross Slope = /471’
Depth of Gutter Flows= 5

Find: -
Gutter Capacity

Solution:
Enter Graph at .5'
Intersect Cross Slope = [/4"/T
intersect Gutter Slope=1.0%
Read Gutter Capacity=z22c.f.s.

.-'-“-—-—m-——'

GUTTER CAPACITY IN C.F S.
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(Roughess Coefficient n = .QI175)

TRIANGULAR GUTTERS ™™
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NOTE: ExXAMPLE
1. All Alley Capacities Are 2%" Above KNOWN: SOLUTION:
Paving Edge. - Alley width = 10° Connect the 10' alley
foof Alley depression — 5" section with slope =
I Concrete Gutter Slope = 1.02 1.0%. Resd Q =l6c.f.s.
| Gross ' Gutter Flow (Q) .
2. The Capacities Obtained From This :
Nomograph are Based on a Straight lm

Alignments May Result in Reduced

Capicity. CAPACITY OF ALLEY SECTIONS

L e — RN

I Horizontal Alignment. Curved




STORM DRAIN INLETS

AVAIL
INLET : . DESIGN
INLET DESCRIPTION INLET WHERE USED
TYPE SIZES CURVES
&
: 5 - FIGURES
o 28’ LOCAL STREET, TYPE M =
T — I/ \J - , 36 COLLECTOR STREET, TYPE F 8
] 10 ALLEY THROUGH
STANDARD CURB OPENING INLET L . 2
ON GRADE 1a'
o
]9 | * 6
o 26 LOCAL STREET, TYPE H
i o———
IA / \l , 36’ COLLECTOR STREET, TYPE F F'G";RE
o ALLEY
STANDARD CURE OPENING INLET Iz
AT LOW POINT 14
& 44' COLLECTOR STREET,TYPE F
€ a8’ 'SECONDARY STREET, TYPE £ FIGURES
g 224" MAJON STREET,TYPE D g
I 1w 2-3% MAJOR STREET, TYPE C THROUGH
RECESSED CURB OPEMING INLET 12! 238" MAJOR STREET,TYPE B 12
ON GRADE 14 2~36" MAJOR STREET, TYPE A
. &' 44 COLLECTOR STREET, TYPE F
/.Fé——]'\_ & 48° SECONDARY STREET, TYPE E
_m— Y 2-24" MAJOR STREET, TYPED FIGURE -
TA W' 2-33 MAJOR STREET, TYPE C 13 -
RECESSED CURB OPENING NLET 12’ 2-36' MAJOR STREET, TYPE 3
AT LOW POINT 4 2-36" MAJOR STNEET,TYPE A
: - . ‘ : FIGURE
. -—-l/’ﬁg\_] - COMBINATION INLETS TO 8E USED JREs
1T & WHERE SPACE BEMIND CURB THROUGH
PR L} . QT L IN T TYP i
COMBINATION INLET s OHIBITS. OTHER..INLET. ES DRI
ON GRADE )
— "
'—“[//HN""” COMBINATION INLETS TO BE USED
1TIA & WHERE SPACE BEMIND CURS F‘“;’:E
s PROHIBITS OTHER INLET TYPES
COMBINATION INLET 8
af LOW POINY
2 GRATE| GRATE INLETS TO BE USED WHERE
= 12 i 3 GRATE| SPACE ~RESTRICTIONS PROMIBIT FIGURES
pus s GRATE| OTHER INLET TYPES OR AT LO- 18,47,
_ 1,19
GRATE INLETS 6 GRATE| CATIONS WITH NO CURB. »21
v Y Y : Y M Y ez
—— @ ——r—————
j ¥ OPEN CHANNELS FIGURE
n A A A A A A 22
a'va'
DROP INLET l ‘ O
FIGURE 7
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2 I - ? . ' 1 2
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i 2 3 4 5 6 ¢ & 9 10 15 20 2 30
QUANTITY OF FLOW IN C.F.S. :
EXAMPLE
Known: : . Decision:
Pavement Width = 24" l.Uss 1O Intet

Gutter Siope = 2.0 % "o
Povement Cross Slope = 1/4 /1

Gutter Filow = 4.4 cfs

No F’Io'w Remains in Gutter
2.Use 8 Iniet

Find: . , Use 8" Iniet
___Length of Inlet Reguired (Li) Enter Groph at Lj= 8'
Solution: intersect Siope = 2.0%

Enter Graph-ut—4.4 cfg-———— ~Read Q = 4,2 cfs
Intersect Slope = 2.0 % Remoining Gutter Flow =
Read Lj= 8.4 4.4 cfs—4.2 cfs= Q.2cfs

intercept Only Part of Flow

RECESSED AND STANDARD

cure oPENNG INLEQD)
CAPACITY CURVES

ON GRADEI

Il

"~



- [ [w) = g ad ) B o o 0 Tygr oo e -
¥ %@11 . o gt o e ) S L " S w o\
ghiigaRggEaes EEEES X 525
= + o v - 4z 2>
o P om0 1D VA 0 S S 8 S o " 3 g = @u
) - ol N / U R N N O I B [ wl - : =3 DZ
IR ¢ |° S o202
of T AN B > | w - Qo Z ¢ ==
_ rz1/ /.,/ N “1~11 - 4 = ..”.nu M m > O '
/..ﬂﬂ -A.A. /v i Bt et et St - - O © .
PRI B A O - Tlo asbz
R R A GSR RN A A sl % g5 5 |11 w © g0
W SRR S i g a & 1 a.
T NSRSSRRK U = e o 7
T ARRRL TR S & foe o 0 e g
i - nw.ﬁ.ﬂ// / / 1 Q y 0 w - C w
A ,..Avwx[//: | O 1] v,
3 /I./.‘/ / § - N . o
NN N a o] ; B
o // Wl w IR b L »
= 1 SRR NALN V../ﬁﬂu L S B e A il B i L Lo 2 % ° v
- Sh riw oow b e 6 . F "w
o N NS AN . Viar2 13 ¢ o oL (=3 o Eg
: NSRRI 3=z ¥ 7 L " m...on_w
EEREEANNAN RN HH = s & LOp
~ : NREN 1 e § z T,oES
— L - . c !1”
T DN |1 Pl B ghys FBUSD
® e Jm N,,/i o e L i M -.m w.!m.w ms vwel
- R e B S NP e ok §QEPE~OTogl
T - HHE DN ACEELELS 170 Sectfow.boe8"
“ - . -=|JHHHH‘HH%MVMIM. g e I 1, .mmmu.mumwmwm.o
N - - R O N O O Y A DU 3y §, R L 41 : @ - o &
VR BRER R AN NN T LE 8 BEESES
< e hnng 1 TR R AN - z _
1T - I Ot vt e // N - <
- —t- i i ~ hNL 4~ -
A AN : ° -
. _ o BRI o ol B B e B \ h, 414 kd g
"EE i B i = SR NS b I y 4 .
: EEE EEEEsaraE=== A RRREI I NE: T I
o M “1 i Bt it 2k i 2 (el ol T Dl il..... Y 4./ -~ RS - W A2 06
O o —el NRRR RN 1L - I2ev B go
PRI EEEE=EasE RN I BT
-1 -1~ o 00 O 1 1 1 O . % O e Aﬁmmmﬁ- Y e,
X - — i el it hat 1t wd— 1.%11 Gl i /A. / . - A - u m.g
o 3 N N WS SN _/ //I - ..m_w 13 “ O o
..... - S o I ANNA x oY £ &n?
-1- 1 ] ///ﬂ/ Dim B oW
- -}~ F I . - - ./[/ ﬂ/ _ wi :m.mm M rld...r
-1 — S R .,.,17///_.1 W..w ;mcmmr e..” uL
—+4] //ﬂ .. ® on.u.-ﬂ..h -
. - 1 N 3 cRESC BERER
I T . ) P e e e  w 1 RRRR gl 8ddwe g 3ul s
-3-1-1- -1~ RARY [N TR O O O ,uwv... wl 2 T own
- - =1 3 21!.
O "3 o o o I~ 6!—5 v
o 9 2 Q& 1333 Nt L3N 30 HLION3T -1

FIGURE 9



' _ 2 3 4 5 6 7 8 9 10 5 20 3¢
50 —t T L % ; ; Y
_ : ; ; ;
40 f : § ! Py
. H
’ i t i
: ! L !
! ! I WA L,
30 1 e - : TR 5
e s : A A Ll
: ! : ’ ‘ S A Y GRS MAT
¥ E! i i i I . , VirAy ! 1
[ N Lo 2 | A 2l
: 1 i s L | - ]
: Ve A T
20 | LN A A /i_/if - -
PN AV
- AV. 4V
[ ! o AL
i e AAAAATIAT
| : |
wisg | /17 1}: va ] | ' -
= AL t
- PLLIA IS4
‘:‘, ////1‘/] /‘f*’
st P
%0 L 41 "2. "{ / //i’/ Ei
&9 S T L q o ¢
o — b i H
8 ' L A NA A A s
o ol . 'E » /" 2P%
S? STV A AL
= AAAA A
“ A AN
<3 " v IR €
t 1 PO A A T T > T n
Lol d e 7 LA ; 1D 1 - 1 i 1
- A e e . T
-5 . s o : -~ e I 0 o Wt MO B s A
: i WAL AT e {8 S L S Tt
" A A T [ROUGHNESS COEFFICIENT " T
4- H ij/ﬁﬁj(z(‘ R ' i B n'Oi?S :':‘
— 1 LT -
, T 7 STREET T
L AL A i CWIDTH . CROWN TYPE T
t . /7////'1 i } i 1.
K)o 2 : i e ALL 172 R Cross Siape =
o AT & e = . 36' F-F 6" Parabolic T
: ,{f’// e T s 3 in
./f E l H - 1
) 1 | i
T | K 1 :
2 | b L 1 [ $ " :
] 2 3 4 5 6 i 8 9 10 i5 20 2 3(
QUANTITY OF ' FLOW IN C.F.S.
EXAMPLE
Known: , Decision:
Pavernent Width = 36 . -~ |.Use 10 Intet
Gutter Slope = 2% - No Flo'w Remains in Gutter
6 Porobolic Crown 2.Use 8 iniet
Gutter Flow = 5.3 cfs - intercept Only Port of Flow
 Find: ‘ Use 8 inlet
Length of inlet Required (Li} Enter Groph at L= 8' .
Solution: Intersect Slope = 2% ND
Eater Graph ot 53 cfs Read Q = 48 cfs RECESSED AND STA AR
Intersect Slope = 2% Remgining Gutter Flow = CURB OPENING IN
Read L;= 8.7 583c¢cfs—-48ctfs=0.5cts
CAPACITY CURVE!

ON GRADE

1

Figure 10 .
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QUANTITY OF FLOW IN C.F.S. .
EXAMPLE
. Known: Deciston:
‘ Pagvement Width = 26' l.Use 10" Inlet
Gutter Siope = | % - No Flow Remains In Gutter
: " 4" Parabotic Crown 2.Use 8' Injet
l Gutter Flow = 6.0 cfs . Intercept Only Part of Flow
Find: Use 10’ Inlet
l Length ‘of inlet Required (Li} - Enter Graph at L =10
Solution: intersect Slope =1% -
- o _Enter Groph ot 6.0 cfs Read «Q = 6.6cfs RECESSED AND STAND‘%F
intersect Slope = 1% No Flow Remains in Gutter CURB OPENING INLET
Read Lj= 9.2 '
CAPACITY CURVES
' ON GRADE
- FIGURE {1
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QUANTITY OF FLOW IN C.F.5,
EXAMPLE
Known: ‘ : \ Deciston ':
Povement -Width = 16 l.Use 8 Iniet .
Gutter Siope = 1% . No Flow Remains in Gutter
Pgvement Cross Slope = 174 /1 2.Use 6' Inlet
Gutter Flow = 4.4 cfs ~ Intercept Only Part of Flow
Find: Use 8 Inlet
Length of Inlet Required (L) s Emter Groph ot Lj=8
Solution: Intersect Siope = 1°% B = Y ol <Ly R
'~ Enter~Groph™ ot 4.4 cfs -—Read Q = 4.75 cfs .. RECESSED AND STANDA
intersect Slope = 1% No Flow Remains In Guiter CURB QPENING iNL‘
Read L= 7.5
CAPACITY CURVES
ON GRADE
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EXAMPLE

Known: Solution:
Quantity of Flow = 16.0cd.s. ' Enter Groph at 6.0 c.fs.
sMaximum- Depth of Flow Desired intersect Yo = 0.4 '
in Gutter At Low Point (yo}=0.4‘ Read Lj = 9.2'

Find: " uyse 10" Iniet

{ength of Inlet Required (L}
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ALL Stroight ond Porabalic AT LOW POINT
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EXAMPLE

Known: Solution: ‘
Quantity of Flow = 10.0 ¢.f.s. Enter Graph ot '10.0¢c.1.s.
Gutter Slope = 0.6 % Intersect Slope = 0.6%
C e . : Read Percent of Flow
Find:

Intercepted = 62 %

.Capacity of Two Grate Combination 62 % of 10.0cf.s. = 6.2 c.f.s.

Inlet gs Capacity of Two Grofe
Combination Iniet
Remaining Gutter Flow =
10.0 c.f.s - 6.2cts. = 3.8¢cks.
e
] W, /,\Gol‘
o ! !
Rl g
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QUANTITY OF FLOW IN C.FS.

TWO GRATE COMBINATION INLET
CAPACITY CURVES .
ON GRADE

7
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EXAMPLE

Known: Solution:
Quantity of Flow = 6.0c.f.s. Enter Graph at 6.0c.fs.
Gutter Slope = 1.0% » intersect Slope =1.0%
. .- : Read Percent of Flow
Find:

Intercepted = 79 %

79 % of 6.0 c.f.s. = 4.7 c.is,
ags Capacity of Four Grate
Combinction iniet
Remaining Guiter Flow =
6.0 cfs.— 4. 7cfs. = L3cls.

Capacity of Four Grate Combination
inlet
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N . FOUR GRATE..COMBINATION INLE

CAPACITY CURVES
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EXAMPLE

Known:
Quontity of Flow = 8.0 c.f.s.
-Guiter Slope = 0.4%

Find:
Capacity of Three Grote Inlet

Solution:

Enter Graph ot 8.0 c.f.s.
tntersect Slope = C.4%

Read Percent of Flow
intercepted = 74 %

74% of 8.0 cfs. = 5.9¢ks.

as Capacity of Three Grate Inlet
Remaining Gutter Flow =

8.0ctfs. -~ 59cfs.=2.lcts.
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QUANTITY OF FLOW IN C.FS.

e THREE-GRATE -INLET AND
THREE GRATE  COMBINATION

CAPACITY CURVES
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|14

FIGURE |



P ".‘ll. l-l |- -———

EXAMPLE
Known:

Quontity of Fiow = 6.0 ¢.fs.

Gutter Siope = 1.0%
Find:
' cgpacity of Two Grate Inlet

Solution:

Enter Graph at 6.0 c.tis.
intersect Slope =1.0%

Read Percent of Flow
intercepted = 66 %

66 % of 6.0 c.fs = 4.0cts.
as Capocity of Two Grate Iniet
Remaining Gutter Fiow =
6.0cts. —4.0cks = 2.0cths.

o F
s

= 4

-}

6 7 8.9 10.

15 20 30 40 S5O 6
QUANTITY OF FLOW IN C.FS.

TWO _GRATE INLET

. CAPACITY CURVES

ON GRADE

FIGURE
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EXAMPLE

Known: : Solution:
 Quaontity of Flow = 6.0 ¢.f.s. - Enter Graph at 6.0 c.fs.
Gutter Siope = 1,0% intersect Slope =1.0%
. g Read Percent of Flow
Find: . intercepted = 77 %
Capacity of Four Grote inlet 77% of 6.0 c.f.s.= 4.6 cks.

ags Copacity of Four Grote Inlet
Remaining Gutter Flow =
6.0cts —4.6cfs =14 cfs,
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EXAMPLE

Known: - Solution:
Quantity of Flow = 4.3 c.f.s. Enter Groph ot 4.3 c.fs.
Maximum Depth of Flow Desired Intersect 3~ Grate at 0.23'
ot Low Point = 0.3’ intersect 2 - Grate at 0.51'
Find' Use 3~ Grate

inlet Required
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Li— LENGTH OF INLET OPENING IN FEET
o

2%

n
(o]

o

EXAMPLE

Known:
Cuantity of Flow =40 cfs.

Moximum Depth of Fiow Desired

{yo) 2 0.6
Find:

Solution :
Enter Graph ot 14.0 c.fs. ‘
Intersect yo = 0.6 o
Read Li = 10.9'

Use 12’ of Inlet; 3'x 3

Lengih of Inlet Opening Required (L)

"G - QUANTITY OF FLOW IN C.ES.

Standard Drop Iniet Sizes:
2'x2'; Li=g'
X3, Li=i2
4'x4' ; Li=1§'

. DROP_INLET =
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CREEKS MAY REMAIN IN OPEN NATURAL CONDITION IF:

(1) THEY COMPLY WITH THE SUBDIVISION ORDINANCE; _
(2) TREE COVERAGE IS ADEQUATE TO BE ACCEPTABLE TO THE CITY OF ALLEN
{3) UNSANITARY OR UNACCEPTABLE DRAINAGE CONDITIONS DO NOT EXIST IN

THE CREEK;
(4) APFPROVED BY THE CITY ENGINEER.

MOMENCROACHMENT
LIMIT OF ORAINAGE AND LASEMENT
t STREET FLOODWAY EASEMENT 10° MIN,
tg! ) FREZ BOARG
MENIMUM { AiLEN CRITERIA MU

{heme =] p DESIGN W.S. CJ

18 IF STEEPER

THAM 3§

UNIMPFROVED  CHANNEL

TYPE I - NATURAL

NOTE: TYPE I OR II - IF STEEPER THAN 3:1 SLOPE ABOVE DESIGN W.S., THE VON-*ENCROACW
ESMT. SHALL BE 15 FEET WIDE TO PROVIDE A STABLE ACCESS ES"TI'., IF ACCESS HAS NOT
OTHERWISE BEEN PROVIDED. :

NOTE: A PARALLEL STREET IS RECOMMENDED ON AT LE.AST NOTE: NO ENCROACHMENTS SHALL
ONE SIDE OF TYPE I CHANNELS IF THE DRAINAGE BE PERMITTED IN ACCESS
AND FLOODWAY IS DEDICAIED T0 PUBLIC USE. EASEMENTS.

NOMENCROACHMENT ‘ " wowgncroacuent|

EASEMENT
T LIMIT _OF DRAINAGE AND FLOCDWAY SASEMENT

' MINIMUM FNEE BOARD ,
< J COEIIeN W S, {"ALEN  CMITERIA}

RECOH&INDED
* MAX. 4%12°

=

i STEEPEN THAN 411 siopt
RECQUIRES (8" ESMT,

RECOMMENCED SLOPE UNLESS
APPROVED BY CITY ENGINEEN.

W CONC, PILOT CMANMNEL I3 REGUINED IT MAY
T4 anzzowu., VEE OH CTHER SECTIONS
T ACCEPTABLE IO THE CITY "EHGINEERD

ONCRETE PILOT CHANNEL IF REOUIRED FOR EROSION
COUNTROL, OR IF NEEDED FOR ACCESS DUE TO LACK

FLAT BOTTOM (MIN IO WIDE IF POR ACCLSS

UNLINED C_HAN'NILS

TYPE II - UNLINED WITH MAINTENANCE SECTION

O ADSACENT _ACCE 3 _CASENENTS,

e COMGRET L =T

WHEN CHANNEL IS DESIGNED USING PEAK
DISCHARGE FLOWS FROM THE FLOOD INSURANCE

NOTE:

TYPICAL
MCCENS ACCESS
EASEMENT LIMIT OF DRAINAGE AND EASE MENT
10° miw, 1 FLOODWAY EASEMENT 100 wIN
" M FREEBCARD
4 DESIGN . W, 8, {ALLEN - CRITEREA] r
1
RECOMMENOED ]
waAX, 4= 10
RECONMENCED  MAXINUM
" M, /3

TYPE III ~ LINED

STUDY, FREEBOARD MAY BE DELETED.

F 20° OR WIDER-"
FLAT iF LE3S THANM 20° wiDE

OPEN CHANNEL TYPES




OPEN CHANNEL WITH PILOT PIPE
ALTERNATIVE TYPE II

1.0° MINIMUM FREEBCARD R
k‘s’“ ) 100" YEAR STORM WATER SURFACE Y . o

i inaso e —

e ‘ o di

NOTE: Bank slopes and non-encroachment easement requirements same as for Type IIL.

PIPE SITED TO CARRY MINIMUM
5 YEAR STOAM.
MININUN SIZE - 18" ¢

NOTE: There are conditions due to the excessive capacity of the open ditch
section where a pilot pipe carrying less than a five-vear storm may
be used if approved by the City Engineer.

ALTERNATE ~ OPEN
CHANNEL TYPE I

FIGURE 24 (B) }27



HEIGHT OF BOX {D) IN FEET

SUNLAL OF PUBLIC FOADS JAN SR

N\

HATld OF DISGHARGE

YO WIDTH (a/8) IN GFS PER FOOT

600

|- 500
400
|- 200
- 100
e @G
— 0
-
o)
-_—30
- 20~
. -
=7

Wingwail
Flare
2% angle ENTRANCE TYPE
s ie|zanzn|ssase |
Co- - ‘ ) J '
ENTR| WINGWALL N
TYPE|FLARE ANGLE] | & '
[}
A | o rmo s
g | 30°te T8 L s
24 | 13°1030%and| | - 4
28 | 73°1090° by F
34 1 go i - 3
3 |° 5 [
=t f°
// n 8 ;
L . o
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EXAMPLE
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ENTRANCE TYPE

— '80 ~ 10,000
- - ' l4 t.s‘snaaal-
— 168 — 8,000 -—— T T e
L - ot o &
\'—-' |55 :_ a.ooo " " 6.
L 144 - 5,000 . e 5, -
a2 — 4,000 | ENTR. ENTRANCE -6 L - 8.
o L X
b CRIPTIO -
i 3 000 TYPE DESCRIPTION A R
- 120 L . Spigot End With - C -
. 1 - 2,000 Heodwall s, & = -
L 108 £ 5 gell End With C R
3 3 ‘ Headwall i B -
— 96 1o00 | geil End Project- -3 i
- - - - 8oC . ing & No Heodwall - - i
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r~ 5000

-:-4000 EXAMPLE

5-3000 Drow a Streight Line Through Known

o Vaius of Arsa of Box, Lsnqth of Box,

- and Ke fto Intersect Pivot Line. From

- 2000 Plvet Line Drow o Stroight Line

E Through The Known Velue Q o Inter~

- sect Heod, H in Feet

F 2NN = (— 4

- Q00 v

— p= .8

: 800 10 X10 1~ 100 5 .
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500 w - 0 &

L ™ L « = 1.0

. 400 z TXT-+303F =t

E % oF -4 3

- . a0 . wr
»E300 8 8xe, z w L
St = » zE
2t t&n I~ 30 & ~E
=2t ioo £ s 7 ER
sE%° 3 E% of
- b4 -~ 20 -
- - - = w ke 3
@t % axa-L o xt
xL z - % 3

- o L. &
5 - 100 ©35x35 . 5 .
) P o o b . 5
Sfkeo I -0 = -

b *; IXND e L gy =

C = -6 © ' -

:—CQ —'— :' / t,‘”nl . J— ".:.'Ti'.a"““_:.g

o %28 o ¥ e PABEER e -

b a0 - c—-‘7"/' = 10

“‘0__9_,_-——-""‘- mad 5}1}* ' e

. e -

I 2x2 s -

I~ 30 -

C k. 20

b 20 |

" i

3 5

" 2

be B

-0 '

sl

e HEAD FOR

BUREAY OF PUBLIC RCADS sAN, 1943

CONCRETE BOX CULVERTS
FLOWING FULL
n=0.012

120

FIGURE 2



T == "l’ - e o Em Em Em Egge e e

;

T T YTy

- IGO0

DISCHARGE (Q) IN CFS

DIAMETER (D) IN INGHES

EXAMPLE
Drow a Straight Line Through Known 4
Voive of Diameter of Pipe, Length of L
Plps, ond Kq 1o Intersect: Pivet Line, -
From Pivot Line Drow o Stroight Line s
120 - Through The Known Vake G to infer- .
o8 .uci Heod, H in Feet, "_'*.
- e e
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L 72 -
~ 68 -
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IN FEET
EL

CRITICAL DEPTH

i
0.9
0.8
o7

a6 ~ ®wo

EXAMPLE

Known: Solution: .
Discharge = 200 c.f.s. Enter Graph ot Q78 = 40
Width of Conduit = &' intersect Critical Depth
Q/B = 40 at 3.7
Find:
Critical Depth
s 6 7 8910 20. - 30 40 50 60 B8O 100 150 200 250
1]
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.(.4:: a0 ~NoO0s

/

ot
L1 -
1
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P
— [
! 0.9
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5 6 7 8910 20 30 40 50 60 80 100 150 200 250

Q/B

CRITICAL DEPTH
OF FLOW FOR

RECTANGULAR comou.

122

FIGURE ¢
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- 120 3000 gxampPLE 0,99
14 2000 Known: :
- 108 Pips Oiometer = 66" -
— 102 Discharge = 100 c.i.s. -
Find: - -
96 1000 Critical Depth -
- Soiution: -
 ea Draw o Straight Line == 0.90
500 Through Xnown Vaiues =
L 78 400 of Plpe Dicmeter ond é’
) Olschorge. Read de/D= - 0,80
—_— o - 300 0.50 -
z -
3 de s 66%.5 533" 3
-6 wE- 200 ~ 0.70
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dc = Critical Depth of Flow in Inches
‘D Pipe Diometer in inches
e |4
L 12 CRITICAL DEPTH OF FLOW

e e L OR
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TEXAS HIGHWAY CEPANTMENT
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