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1.01
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I -- INTRODUCTION

GENERAL

Storm water runoff is that portion of the precipitation which flows over the ground
surface during and for a period after a storm. The objective of designing storm sewer
systems is to conduct runoff in a functional and efficient way from places it is not
wanted to the nearest acceptable discharge point. This transfer of runoff is done in
sufficient time and methods to avoid damage and unacceptable amounts of
inconvenience to the general public. Prior to the design of a storm drainage system, and
overall drainage plan shall be submitted to the City for review. This plan should
consider the use of storm water detention system systems, Upon written approval of the
drainage plan by the City, the actual construction plans can be designed.

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

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 conditions which are generally relative
to the City of Rockdale 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 initiative but rather is included
as a standardized procedure to aid in design and as a record source for the City.

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, The first section will conclude with an overview
of the procedures and methods discussed in Sections II, III, and IV.

Section II, DRAINAGE DESIGN THEORGY, explanation of the basic technical
theory employed by the design procedures prescribed in this manual.

Section II, CRITERIA AND DESIGN PROCDURES, lists recommended design
criteria and outlines the design procedures followed by the City of Rockdale.

I-1



Section IV, CONSTRUCTION PLAN PREPARATION, describes construction plans
for drainage facilities in the City of Rockdale.

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

Section VI, TABLES, contains all 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.
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II - DRAINAGE DESIGN THEORY

GENERAL

This section covers 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.

DRAINAGE AREA DETERMINATION AND SYSTEM DESIGNATION
The size and shape of each drainage area and sub-area must be determined for each
storm drainage facility. This size and shape should be determined from topographic

maps at scale of 1 inch =200 feet.

Where the contour interval is insufficient or physical conditions may have changed
from those shown on existing 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 drainage area maps, careful attention must be
given to the gutter configurations 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.

RAINFALL INTENSITY

FIGURE 1, which shows anticipated rainfall intensity 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). 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 derived from Weather Bureau
Technical Paper No. 40, dated May, 1961.

DESIGN STORM FREQUENCY

The individual curves shown on FIGURE 1 labeled "5 Yr.", "10 Yr.", "25 Yr.", "SO
Yr.", and "100 Yr." are referred to as "Design Storm Frequency". The term "100-year
storm" does not mean that a storm of that severity can be expected once in any 100-year
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period, but rather that a storm of that severity has a one in one hundred chances of
occurring in any given calendar year.

Each storm drainage facility shall be designed to convey the runoff which results from
either the 25-year or the 100-year design storm, depending on the type of facility, as
shown in Section III, CRITERIA AND DESIGN PROCEDURES.

DETERMINATION OF DESIGN DISCHARGE

Prior to hydraulic design of drainage facilities the amount of runoff from the particular
drainage area must be determined. The Rational Method, The Natural Resource
Conversation Service (NRCS) Peak Discharge Methods presented in TR-55, and the
HEC-I Computer Program are accepted methods, for computing volumes of storm
water runoff. Data from the Flood Insurance Study shall be used in lieu of these
methods if such data is available. However, all discharge values shall be based on full
development of the drainage basin as outlined on the current zoning maps available
from the City. In the event that the Flood Insurance Study is not based on current
zoning, the study should be reanalyzed, revised and submitted to FEMA for acceptance.
In the event that the revised study indicates a water surface is less than that shown on
the Flood Insurance Study the higher value shall be used if the study is not submitted to
FEMA.

RATIONAL METHOD
The use of the Rational Method, introduced in 1889, is based on the following

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.

(2) The frequency 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:
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Q = CxIxA, where
o "QQ"is the storm flow at a given point in cubic feet per second (c.fs.).
e "C"is a coefficient of runoff representing the ratio of runoff to rainfall.

o "I" is the average intensity of rainfall in inches per hour for a petiod equal 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"isthe area in acres that is tributary to the point of design.

The determination of the runoff coefficients and times of concentration shown in this
manual have been developed through empirical studies of urban systems and by review of

values recommended by others.

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 its ability to absorb precipitation. The absorption ability
generally decreases as the duration of the rainfall increases until saturation occurs,
Infiltration in the Rockdale area varies as the soil types change from poorly drained soils

in certain areas to well drained soils in others,

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.
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TIME OF CONCENTRATION
The time of concentration is defined as the longest time, without interruption of flow by
detention devices, that will be required for 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 can cause an attenuation
of the runoff. This slowing-down effect often results in an over-estimation of the time of
concentration for larger areas. For this reason, in development of runoff rates in drainage
areas larger than 200 acres, use of one of the TR-55 Peak Discharge Methods or the Unit
Hydrograph Method is recommended.

UNIT HYDROGRAPH METHOD
The Unit Hydrograph Method to be used in calculation of runoff shall be in accordance
with Snyder's synthetic relationships.

The computation of runoff quantities utilizing the Unit Hydrograph Method is based on
the following equations:

ty = Ce* (L x Log)™?

9p = _Cpi
'p

Qp= Clp*A

Sp = Ix2

RT = Sp - Ljs



Qu= RT*Qp

. "tp" is the lag time, in hours, from the midpoint of the unit rainfall duration to the

peak of the unit hydrograph,

o "Ct" and "Cp640" are cocfficients related to drainage basin characteristics.

Recommended values for these coefficients are found in TABLE 2.

e "L" is the measured stream distance in miles form the point of design to the upper
limit of the drainage area.

o "Lecg" is the measured stream distance from the point of design to the centroid of the
drainage area. This value may be obtained in the following manner:

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. In a similar manner, draw a second line at

approximately a 90 degree angle to the first line. The intersection of the two lines is the
centroid of gravity of the area.

e "qp"isthe peak rate of discharge of the unit hydrograph for unit rainfall duration in

cubic feet per second per square mile.

o "Qp" is the peak rate of discharge of the unit hydrograph in cubic feet per second.

e "A"{s the area in square miles that is tributary to the point of design.

e "I"is the rainfall intensity at two hours in inches per hour for the appropriate design

storm frequency.
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e "SP"is the design storm rainfall in inches for a two-hour period.

o "Ljg" is the initial and subsequent losses which have a recommended constant value of

1.11 inches.

o "R7"is the total runoff in inches.

¢ "Qy" is the design storm runoff in cubic feet per second.

2.10 UNIT HYDROGRAPH COEFFICIENTS

In Section VI of this manual, certain values for factors involved in a unit hydrograph analysis
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 development of all
these factors is not warranted, but several should be discussed where the documentation for the

selected values may not be apparent.

The recommended rainfall intensity to be used is selected based on a duration of two -hours,
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, subtract 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 constant 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:



FEEEIAL LLOSS  ivievreeriereresseesssssreseseesessrasssnrtressasimremabrstassestasseessessniosessonssssssen 0.75 inch
Subsequent Loss (1.5 hrs x 0.24 inch/hr) ..o 0.36 inch
Total Losses 1.11 inches

As in the case of other recommended specific values, where more definite information is

available, it should be used.

2.11 NRCS TR-55 URBAN HYDROLOGY for SMALL WATERSHEDS

Technical Release #55 (TR-55) was originally developed by the Soil Conservation Service
(now known as the Natural Resource Conservation Service, NRCS) in 1975. The latest
edition was released in 1986 and presents simplified procedures to calculate storm runoff
volume, peak rate of discharge, hydrographs, and storage volumes required for floodwater

reservoirs, These procedures are applicable in small watersheds ( less than 5000 acres),
especially urbanizing watersheds, in the United States. A copy of the report is available on-
{ine or can be obtained through the local USDA/NRCS office.

2.12 FLOW IN GUTTERS AND INLET DESIGN

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

reference purposes:

MAJOR THOROUGHFARE (Types A, B, C & D): A street that moves traffic from one
section of the city to another section.

COLLECTOR STREET (Type E): This is a street that has the dual purpose of traffic

movement plus providing access to abutting properties.

RESIDENTIAL STREET (Type F): 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.

2.13 STRAIGHT CROWN STREETS

2,14

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

z
Q = 0.56n* {S"} * (Y¥) (Equation 1)

e "Q"is quantity of gutter flow in cubic feet per second.
e "Z"is the reciprocal of the crown slope.

¢ "n" is the coefficient of roughness as used in Manning's Equation; a value of 0.0175
was used for Figure 3.

¢ "S"is the longitudinal slope of the street gufter in feet per foot.

e "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 the Texas State
Department of Highways and Public Transportation, (TxDOT), Bridge Division

Hydraulic Manual, Third Edition, December 1985,

Based on this equation, FIGURE 3 was prepared and inlet design calculations, as
explained elsewhere, were made.

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.



2/3 1/2
S}

Q = 1486 x {AxR (Equation 2)
n
R = A (Equation 3)
P
2 [l
A = Wo x 4Cox {X } xdx (Equation 4}
2 Wo2

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

o '"n" is the coefficient of roughness; a value of 0.0175 was used for Figures 4 and 5.
e "A"isthe cross section flow area in square feet,

s "R"is the hydraulic radius in feet.

o "§"isthe longitudinal slope of the street gutter in feet per foot. -

o "P"isthe wetted perimeter in feet.

¢ "Wq"is the width of the street in feet.

e "Cy"is the crown height of the street in feet,

As discussed in Section I, 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.
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2,15 ALLEY CAPACITY
FIGURE 6, CAPACITY OF ALLEY SECTIONS, was prepared based on solution of

Manning's Equation:

2/3 172 ,
Q = 148 x AR x S (Equation 2)

n
e "Q"Iis the alley capacity, flowing full, in cubic feet per second.
¢ "n"is the coefficient of roughness; a value of 0.0175 was used for Figure 6.
e "A"isthe cross section flow area in square feet.
e "R"isthe hydraulic radius in feet.
o "S"is the longitudinal slope in feet per foot.
2.16 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.

2.17 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

equation:

Q -1)

L = (Equation 6)
512 5/2
Hp  -H2 )x(70)

¢ "L"is the length of infet, in feet, required to intercept the guiter flow.

¢ "Q"is the gutter flow in cubic feet per second.
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2,18

e "H{" is the depth of flow, in feet, in the gutter approaching the inlet plus the inlet

depression, in feet,

e "Hp"is the inlet depression, in feet.

This is an empirical equation from the TxDOT Bridge Division Hydraulic Manual dated
December 1985. The data from solution of this equation was used to plot the curves
shown on FIGURES 8 through 12.

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:

32 _
Q =3.087xLx { h } (Equation 7

e "Q"is the gutter flow in cubic feet per second.
¢ "L"is the length of inlet, in feet, required to intercept the gutter flow.

e "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, yo, plus the depth of the inlet depression.

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

The calculated inlet capacities were reduced by ten percent of the preparation of FIGURE

13 due to the tendency of inlets at low points to clog from the collection of debris at their

entrance,
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2,19 COMBINATION INLET ON GRADE
FIGURES 14 through 16, Combination Inlet on Grade, were prepared based on the length

of grade in feet, Ly, required to capture the portion of the gutter flow which crosses the

upstream side of the grade and on the length of grate in feet, L', required to capture the
outer portion of gutter flow. The figures were prepared with the solution of Equation 1

and the following equations:

Y
Lop = 4dxvg_o 12 (Equation §)
g
12
w
L' = 1.2 vg tan 0o yo - tan 0 (Equation 9)
g
12 372 _ )
@ = L-L (8 Yo~ W (Equation 10)
4 tan Oo
2
3 = Q 1- L (Equation 11)
2 :
Lo
Q = Qo- q2 + q3 (Equation 12)
Lo = Lengthof grate required to capture 100% of all flow over grate in feet.
vog =  Qutter velocity in feet per second.
Yo =  Depthof gutter flow in feet.

g =  QGravitational acceleration (32.2 feet per second per second).
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L' = Length of grate required to captwre the outer portion of the gutter flow in feet,

0p =  Crownslope of pavement,

w = Width of grate in feet.

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

q3 =  Carry-over flow in ¢.fs, over the grate.

Qo =  Gutterflowinc.fs.

Q = Capacity of grate inlet in ¢.f's.

These equations are from "The Design of Storm Water Inlets,” The John Hopkins
University, June 1956.

2,20 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 quantity derived from solution of Equation 7
(Paragraph 2.17) and 70 percent of the quantity derived from solution of the following
Equation 13:

372 .
3087 x(L)x[h ] (Equation 7)

Q

Q (0.6 x A)/ (2xgxh) (Equation 13)

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

¢ "A'is the net cross section area, in square free, of the grate opening,

Im-13



2.21

2.22

2.23

2.24

o "g"is gravitational acceleration (32.2 feet per second per second).
e "h"is the head, in feet on the grate.

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. Grate Inlet on Grade shall only be used with

the approval of the City Engineer.

GRATE INLET AT LOW POINT

FIGURE 21, Grate Inlet at Low Point, was prepared 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 considerabie 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. Grate
Inlet at Low Point shall only be used with the approval of the City Engineer.

DROP INLET AT LOW POINT
FIGURE 22, Drop Inlet at Low Point, was prepared based on solution of Equation 7 as
previously referenced, using a ten percent reduction in capacity due to clogging,

HYDRAULIC DESIGN OF CLOSED CONDUITS
All closed conduits shall be hydraulically designed through the application of Manning's
Equation expressed as follows:

Q = AxV
2/3 1
Q = 1486 x {AxR  }x{Sf }
n
R = A
P

Ii-14



2.25

2.26

2.27

e "Q" is the flow in cubic feet per second,

e "A"isthe cross sectional area of the conduit in square feet.
o "V"isthe velocity of flow in the conduit in feet per second.
e "n"is the roughness coefficient of the conduit.

e "R" isthe hydraulic radius which is the area of flow divided by the wetted perimeter.
(R=A/P)

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

¢ "P"is the wetted perimeter,

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 maximum velocity of 12 feet per second shall be observed.

ROUGHNESS COEFFICIENTS FOR CLOSED CONDUITS

Roughness coefficients are directly related to construction procedures. When alignment
is poor and joints have not been propetly assembled, extreme head losses will occur.
Coefficients used in these situations should assume proper construction procedures and
that the pipe will be manufactured with a consistently smooth surface.

MINOR HEAD LOSSES IN CLOSED CONDUITS
The basic equation for calculation of minor head losses at manholes and bends in closed

conduits is as follows:

, — - 2
hj = Kjx ¥
2g
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2.28

"hj" is head loss in feet.

"Kj" is coefficient of loss

"V" is velocity in feet per second in conduit immediately downstream of point of

loss.

"g" is gravitation acceleration (32.2 feet per second per second).

The basic equation for calculation of minor head losses at wye branches (lateral

connections to main storm sewer line) is as follows:
sz ] V12
2g
. “hj” is head loss in feet

s "Va" is the downstream velocity in feet per second

e "V1" is the upstream velocity in feet per second

e "g" is gravitational acceleration (32.2 feet per second per second)

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,
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229 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:

Z{ +dy + hy] = Zp + dp + hyp + hf + other losses

where

o "Z1"and "Zp" is the streambed elevation with respect to a given datum at upstream

and downstream sections, respectively.

e "d{"and"dp" is depth of flow at upstream and downstream sections, respectively.
e 'hy1" and "hy" is velocity head of upstream and downstream sections, respectively.

s "hf" is friction head loss.

Other losses such as eddy losses are estimated as 10 percent of the friction head loss

where the quantity hy2 minus hy is positive and 50 percent thereof when it is negative.

Bend losses are disregarded as an unnecessary refinement.
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Bernoulli's energy equation is illustrated in graphic form as shown below.

The basic equation involved are:

Q = AxV
2
hv = l
2g

and Manning's Equation:

Q = 1.486><{A><R2/3}><{S1/2}

n

which is defined previously in this chapter.

The friction head can be determined by using Manning's Equation in terms of the friction

slope S¢, where:

Sf = (Qxn)
2/3
1.486 x {AxR }

thus giving the total friction head
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he = (@D*SpP

The velocity head hy, is found by weighing the partial discharges for each subdivision of

the cross section, i.e.,
2
Vs x Qg

2g x Q

where

o "V¢"is velocity in subsection of the cross section.
s "A"is area of the subsection of the cross section.

s "Qg"is discharge in the subsection of the cross section.

When severe constrictions occur the Momentum Equation may be required in

determination of losses.

2.30 DESIGN OF IMPROVED CHANNELS
The hydraulic characteristics of improved channels are to be determined through the
application of Manning's Equation as previously defined. In lieu of Manning's Equation a
HEC-2 (Water Surface Profile) or HEC-RAS (River Analysis System) computer analysis
can be utilized. The City, at its option, can require the use of HEC-2 or HEC-RAS
Computer Analysis in lieu of Manning's Equation. The HEC-2 and HEC-RAS Computer
Programs are available on-line or by mail from the U.S. Army Corps of Engineers. The
Hydrologic Engineering Center; 609 Second Street, Davis, California 95616, 916/440-

2105.
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2.31

2,32

2,33

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 Engineeting Circular No. 5 entitled "Hydraulic Charts for the Selection of
Highway Culverts" dated December [965. An alternative method that uses similar
procedures may be found in the TxDOT Bridge Division Hydraulic Manual. The City
may require either one of these methods as determined by the City Engineer

The hydraulic capacity of culverts is 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 roughness of the surface and
length of the culvert barrel,

CULVERTS FLOWING WITH INLET CONTROL

Inlet control means that the discharge capacity 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 I (inlet submerged).

Nomographs for determining culvert capacity for inlet control as 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 "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.

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).
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The culvert is designed so that the depth of headwater, 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 expressed by a common equation for all outlet control

conditions:
HW = H + hy - {Lx(So)}

e "HW" is headwater depth in feet.

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

¢ "hy" is the vertical distance from the downstream culvert flow line to the elevation

from which H is measured, in feet,

e "L"islength of culvert in feet.

e "Sy"is the culvert barrel slope in feet per foot.

The head, H, is made up of three parts including the velocity head, exit loss, Hy, an

entrance loss, Hg, and a friction loss, Hf. This energy is obtained from ponding of water

at the entrance and is expressed as:
H = Hy + He + Hf

e "H"is head or energy in feet of water.

2
e "Hy"is V. whereV is average velocity in culvertor Q.
2g A
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2
e "Hg"isKex V_  where K¢ is entrance loss coefficient,
2

e "Hf" is energy required to overcome the friction of the culvert barrel and expressed

as:
2 2
Hf = [292x(n )xL] x V_ where
1.33
R ] 2g

e "n" isthe coefficient of roughness (See TABLE 5).

o "L"is length of culvert barrel in feet.

e "V"isaverage velocity in the culvert in feet per second.

e "g"is gravitational acceleration (32.2 feet per second per second),
¢ "R'"ishydraulic radius in feet.

Substituting into previous equation:

2 2 2 2
H = V + Ke ¥+ 292n L x V_
1.33
2g 2g R 2g
and simplifying:
2 2
H = 1 + Ke + 292n L x V_ for full flow
1.33
R 2g

This equation for H may be solved using FIGURES 27 and 28.
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For various conditions of outlet control flow, hg is calculated differently. When the

elevation of the water surface in the outlet channel is equal to or above the elevation of

the top of the culvert opening at the outlet, hy Is equal to the tailwater depth or:
ho = W

If the tailwater elevation is below the top of the culvert opening at the outlet, hg is the
greater of two values: (1) Tailwater, TW, as defined above or (2) dg + D/2 where

dg = critical depth. The critical depth, dg, for box culverts may be obtained from

FIGURE 29 or may be calculated form the formula:

2/3
de = 0315xQ
B

e "dy" is critical depth for box culvert in feet.

e "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 dg which will satisfy the

gquation:
2 3
Q = A
g D
e "dg"is critical depth for pipe in feet,
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2.34

e "(Q"is discharge in cubic feet per second.

e "D"is diameter of pipe in feet.

o "g"is gravitational acceleration (32.2 feet per second per second),
o "A"is the cross sectional area of the trial critical depth of flow.

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

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 parallel 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

foliowing:

V=Q
A

o "V"isthe average velocity through the bridge in feet per second.
e "Q"is the flow in cubic feet per second.

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

2
hf=KpxV_
2g
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2.35

¢ "h¢" is the head loss through the bridge in feet.

o "Kp"is a head loss coefficient.

o "V"isthe average velocity through the bridge in feet per second.
o "g"is gravitational 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 section of a head loss coefficient as recommended in Section III,
CRITERIA AND DESIGN PROCEDURES, will determine the exact hydraulic

conditions.

DETENTION OF STORM WATER FLOW
As land changes from undeveloped to developed conditions, the peak rates of runoff and
the total volume of runoff uswally increase. This increase is due to an overall increase in

impervious area as the watershed changes to a fully developed condition,

The criteria used for the design of detention facilities is based on the concept that post-
development peak flows should not exceed pre-development peak flows. In applying
such a concept, it is necessary to consider peak flows from a number of different design
storms. By considering a range of design storms, it is possible to design an outlet system
to limit the discharge from the detention facility and achieve the zero increase flow
concept for a range of storms. Such a design will allow the detention system to achieve
maximum effectiveness since both the more frequent and more severe storm events can

be controlled.

A form of the Rational Method may be used to calculate inflow volumes from areas less
than S0 acres. A form of inflow hydrograph analysis such as HEC-I or one of the TR-55
Methods shall be used for areas of 50 acres or more. No reduction in the design storm
frequency shall be considered when utilizing detention systems within the overall storm

drainage design.
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2,36 GENERAL POLICY FOR DETENTION OF STORM WATER FLOW
There are situations that will arise when development occurs on a relatively small area of
land such as a single lot or an individual tract of land. Each case should be reviewed on
an individual basis to determine if the post-development runoff will adversely impact
downstream areas. If a site plan is determined to contribute a significant increase in
stormwater runoff, then on-site detention should be required . In order to evaluate each
site development on a fair and equitable basis, a minimum threshold of “impact” should
be established. This report will recommend that site plans that result in a post-
development increase of less than 5.0 cfs or site plans that encompass areas of one (1)

acre or less should be exempt from on-site detention requirements,
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3.01

3.02

3.03

III - CRITERIA AND DESIGN PROCEDURES

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

Applicable forms which can be used for the design of various storm drainage facilities are
contained in Section VIII of this manual and shall be part of the drainage submittal to the

City.

RAINFALL

In determining the estimated runoff from a special 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 selected return frequencies and shall be
used for determining rainfall rates as required,

DESIGN STORM FREQUENCY
Each above ground storm drainage facility, excluding natural channels but including
street capacitics, shall be designed to convey the runoff which results from the 25-year

design storm.

Drainage design requirements for closed systems shall provide protection for property
during a 25-year Design Frequency Storm, with this projected flow carried in the streets
and closed drainage systems in accordance with the following;

(@) RESIDENTIAL STREETS (TYPE F): All above ground or open storm sewer
facilities shall convey the 25-year Design Frequency flows without exceeding the
top of curb. A maximum flow of 30 cfs will be allowed in the street, Bypass from
upstream inlets shall not exceed 5c¢fs through residential street intersections.
Closed drainage systems (underground) shall have adequate capacity to convey the

25-year design frequency.
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(b)

©

(d)

©

®

COLLECTOR STREETS (TYPE D & E): Based on parkway slopes of 1/4-inch
per foot behind the curb, the 25-year Design Frequency flows shall not exceed a
depth of 1/2-inch over the top of curb. A maximum flow of 35 cfs will be allowed
in the street. Bypass from upstream inlets shall not exceed 5 cfs through collector

street inlets.

MAJOR THOROUGHFARES (TYPE A, B & C): Based on a transverse slope
of 1/4-inch per foot on the pavement, the 25-year Design Frequency flow shall not
exceed the elevation of the lowest top of curb. A maximum of 35 cfs will be
allowed in the street. Bypass from upstream inlets shall be 0 cfs through major

thoroughfare intersections.

ALLEYS: The 25-year Design Frequency flows shall not exceed the capacity of
the alley sections shown in FIGURE 6.

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 be in accordance with FIGURE 24, Type Il. Concrete lined
channels shall be not less than Type III shown in FIGURE 24.

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 (g) Easements,

(2) Any habitable structure on property abufting a natural or excavated channel
shall have a finished floor elevation at least two (2) feet above the 100 year
design storm or F.LR.M. 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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(h)

)

k)

EASEMENTS: Drainage and floodway easements shall be provided for all open
channels. Drainage and floodway easements for storm sewer pipe shall not be less
than 15 feet, and easement width for open or lined channels shall be at least 20 feet
wider than the top of the channel, 15 feet of which shall be on one side to serve as

an access for maintenance purposes.

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 course protected
from erosion. Normally, this would mean along a street or alley but can require 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 could occur, the City

of Rockdale may require special investigations and designs.

INLET DESIGN: Inlet spacing shall be in accordance with the design criteria
contained in this manual, minimum 300 feet apart, 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 City Engineer.

CULVERTS AND BRIDGES: All of these types of 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.

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 (g) above.
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3.04

3.05

3.06

DETERMINATION OF DESIGN DISCHARGE

The Rational Method for computing storm water runoff is to be used for hydraulic design
of facilities serving a drainage area of less than 200 acres. For drainage areas of more
than 200 acres and less than 1200 acres, the runoff shall be calculated by both the
Rational Method and either the Unit Hydrograph Method or one of the TR-55 Methods
with the larger of the values being used for hydraulic design. For drainage areas larger
than 1200 acres the runoff shall be calculated by either the Unit Hydrograph Method, one
of the TR-55 Methods, or as outlined in 3.06 (1).

In lieu of the Unit Hydrograph Method or one of the TR-55 Methods, a HEC-1 (Flood
Hydrograph) Computer Analysis can be utilized. The City at its option can require the
use of HEC-1 Computer Analysis in lieu of the unit Hydrograph Method. The HEC-1
Computer Program is available on-line or by mail from the U.S. Army Corps of
Engineers, the Hydrologic Engineering Center, 609 Second Street, Davis, California
95616, 916/440-2105.

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. Whete conditions obviously warrant a deviation from the minimum inlet
times as shown, FIGURE 2 may be used.

CRITERIA FOR CHANNELS, BRIDGES AND CULVERTS
Discharge flows and water surface elevations shall be based on the highest of the

following:

(1) Flood Insurance Study, U. S. Department of Housing and Urban Development,
100-year Design Flood, Alternate 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
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3.07

3.08

3.09

3.10

shown in the Flood Insurance Study can be determined by a prorating based on the

area drained.

(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 listed 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.

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 VIIL

FLOW IN GUTTERS AND INLET DESIGN 7

Unless there are specific agreements to the contrary prior to beginning design of the
particular storm drainage project, the City of Rockdale 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 appropriate design storm frequency. If, in the opinion of the
Engineer, the flow in the gutter would be excessive under these 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,

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 City Engineer.

CAPACITY OF PARABOLIC CROWN STREETS
FIGURES 4 and 5, CAPACITY OF PARABOLIC GUTTERS, apply to streets with

parabolic crowns,
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3.11

3.12

3.13

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

City Engineer.
(2) Wherever possible, a secondary street shall not be crossed with surface drainage.

(3) Wherever possible, a collector street shall not be crossed with surface drainage in

excess of 8 cfs,

(4) At any intersection, only one street shall be crossed with surface drainage and this
shall be the lower classified street.

ALLEY CAPACITIES

FIGURE 6 is a nomograph to allow determination for the storm drain capacity of various
standard alley sections. In 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
capacity., 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 16-foot width, may be required for greater capacity. Approximate
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.

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

The information in FIGURE 7 and the general requirements of beginning the storm drain
conduit where the street gutter capacity is reached will furnish the information necessary

to establish inlet locations.
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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:

Find:

Solution:

Major Street, Type D

Pavement Width = 24 Feet

Gutter Slope = 1.00%

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

Length of Inlet Required (L)

Refer to FIGURE 8

Enter Graph at cfs

Intersect Slope = 1.00%

Read Lj = 16.9 Feet

USE STANDARD INLET SIZE COMBINATIONS WHERE POSSIBLE

Enter Graph at L; = 14 Feet

Intersect Slope = 1.00%
Read Q=8.8cfs

Enter Graphat Lj=4

Intersect Slope = 1.00%
Read Q=1.9cfs

Therefore, the two inlets have a total capacity of 10.7 cfs which is less than
the gutter flow of 11 cfs.
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3.14

USE TRIAL AND ERROR SOLUTION
Try 12-Foot Inlet plus 6-Foot Inlet

Enter Graph at L{ = 12 Feet

Intersect Slope = 1.00%
Read Q=73 cfs

Enter Graph at Lj = 6 Feet

Intersect Slope = 1.00%
Read Q=3.1 cfs

The two inlets have a capacity of 10.4 cfs which is less than the gutter flow.

Try two 10-foot Inlets

Enter Graph at Lj = 10 Feet

Intersect Slope = 1.00%
Read Q=35.7
2 x 5.7=11.4 cfs capacity which is equal to the gutter flow.

USE EITHER TWO 10-FOOT INLETS OR OTHER SUITABLE
COMBINATIONS; WHICHEVER WILL BEST FIT THE PHYSICAL
CONDITIONS. CONSIDERATION SHOULD BE GIVEN TO
ALTERNATE INLET LOCATIONS OR EXTENSION OF THE SYSTEM
TO ALLEVIATE THE PROBLEM OF MULTIPLE INLETS AT A SINGLE
LOCATION.

Inlets shall be sized to infercept all flow in the approaching gutter. In cases where the
selection of particular size inlet would result in intercepting in excess of 90% of the gutter
flow, consideration may be given to such an inlet on a minor or secondary street.

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
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3.15

feet or as required in Section 3.08. Remainder to be collected offsite before flowing into

street.

HYDRAULIC GRADIENT OF CONDUITS
A storm drainage conduit must have sufficient capacity 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 Manning's Equation:

Equation 3.15-1

il

Beginning at the upper most 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.)

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 storm must coincide with the gradient of the storm drainage
conduit and an adjustment is usually required in the tentative conduit gradient and,
necessarily, the initial pipe selection could also change. The hydraulic gradient of the
creek or stream for the design storm can be calculated by use of the HEC-2 or HEC-RAS

Computer Program.

Concrete pipe conduit shall be used to carry the stormwater, a flow chart, Figure 23,
based on Manning's Equation may be used to determine the various hydraulic elements

-9



3.16

3.17

3.18

including the pipe size, the hydraulic gradient and the velocity. Special hydraulic
calculators are also available for solution of Manning's Equation.

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 for the storm sewer line and associated laterals shall be plotted directly
on the construction plan profile worksheet and adjusted as necessary.

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 which will carry the flood discharge.

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.

ROUGHNESS COEFFICIENTS FOR CONDUITS

Recommended values for the roughness coefficient "n" are tabulated in TABLES.
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.

MINOR HEAD LOSSES

The values of KJ to be used are tabulated for various conditions in TABLE 6. In

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,
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3.19

3.20

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.

OPEN CHANNELS
Open channels are to be used to convey storm waters where closed conduits are not

justified. Consideration must be given to such factors as relative location to streets,
schools, parks and other areas subject to frequent pedestrian use as well as basic

economics.

Type Il 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 required width of the flume may be increased.

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

Where a recommended side slope and a maximum side slope are shown on a channel
section, the Engineer shall use the recommended slope unless prior approval has been
obtained from the City of Rockdale 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 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.
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3.21

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(g).

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.

On 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 supercritical flow should be discussed with the City of Rockdale 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 shall 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.

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 when 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.
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3.22

3.23

3.24

QUANTITY OF FLOW

In the design of open channels it is usually necessary that quantities 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."

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 grades.

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 grade 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 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 velocities in excess of the maximums, plans shall include details for any
special structures required to retard this flow.

ROUGHNESS COEFFICIENTS FOR OPEN CHANNELS
Roughness coefficients to be used in solving Manning's Equation are shown in TABLE 7,

together with maximum allowable velocities.
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3.25

3.26

3.27

3.28

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 unimproved channel. The
HEC-2 or HEC-RAS Computer Programs are alternate methods to the use of Form "D"
and may be required by the City.

PROCEDURE FOR HYDRAULIC DESIGN OF OPEN CHANNELS

FORM "E", included in Section VI, together with the explanation for its use, shall be
used in the design for open channels. The HEC-2 Computer Program is an alternate
method to the use of Form "D" and may be required by the City,

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 flows upstream property.

The Engineer shall keep head losses and velocities within reasonable limits while
selecting the most economical structure. In general, this means selecting a 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 frequency of 100 years calculated
by these criteria. Unusual surrounding physical conditions may be cause for an increase

in this requirement,

CULVERT HYDRAULICS
In the hydraulic design of culverts an investigation shall be made of four different
operating conditions, all as shown on FORM "F". 1t is not necessary that the Engineer
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3.29

3.30

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

Case I operation is a condition where the capacity of the culvert is 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 level 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 level above the top of the culvert and the downstream
water level equal to one of two levels to be calculated.

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",

HEADWALLS AND ENTRANCE CONDITIONS

Headwalls are used to profect 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 installation.

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,
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3.32

3.33

Special headwalls and wingwalls may be required where approach velocities are in excess
of 12 to 15 feet per second. This requirements varies according to the axis of the

approach velocity with respect to the culvert entrance.

A table of culvert entrance data is shown on FORM "F". The values of the enirance

coefficient, K, 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.

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 chanrnel conditions.

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.

HYDRAULIC DESIGN OF BRIDGES

Wherever possible the proposed bridge should be designed to span a channel section
equal to the approaching channel section. If a reduction in channel section is desired this
should be accomplished upstream of the bridge and appropriate adjustments 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 Ky, 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. This would increase for a multi-span bridge,
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3.34

3.35

3.36

skewed or with piers not placed perpendicular to the flow. The Bureau of Public Roads
"Hydraulic 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 TxDOT Bridge Division
“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 shall be maintained.

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". Any of
the previously mentioned computer programs are alternate methods to the use of Form
"A" and may be required by the City.

PROCEDURE FOR HYDRAULIC DESIGN OF BRIDGES
FORM "G", included in the Section VIII, together with the explanation 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 economical that can be constructed within the velocity limitations and

other criteria included in this manual.

PROCEDURE FOR FILLING IN A FLOOD PLAIN
Fill and development of flood plains which is not unreasonably damaging to the
environment is permitted whete it will not create other flood problems. Following are the

engineering criteria for fill requested:

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

Alterations of the flood plain shall not create an erosive water velocity on or off
site. The mean velocity of stream flow at the down siream 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 soils will occur
either on the subject property or on other property up or downstream. Soil erosion
results in loss of existing vegetation as well as augments destructive sedimentation
downstream. 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.

Alterations of the flood plain shall be permitted only to the extent permitted by
equal conveyance on both sides of the natural channel. Staff's calculation of the
impact of the proposed alteration will be based on the "equal 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 particular volume 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 in flood carrying capacity, due to
the proposed alteration plus a corresponding alteration to the other side of the

creek, may not cause either an increase in flood elevation or an erosive 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.
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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 fill slope
departs from the contours of the natural flood plain, the flow characteristics of the

flood waters may be altered, causing possible damaging erosion and deposition in
the altered flood plain. If the fill slope flows along the alignment of the natural
channel, it will also tend to minimize the visual impact of the alteration,

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 stream 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 the slopes, Being more frequently inundated and

therefore subject to greater hazard of erosion, cut slopes must be shallower than fill

slopes.

Landscaping plan submission shall include plans for erosion control of cut and fiil
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 fiil 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 construction 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.

Erosion control plans should demonstrate how the developer intends to minimize
soil erosion and sedimentation from his site during and after the fill 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. Disturbed areas should be sodded or covered with mulch and/or
temporary vegetation as quickly as possible. Structural measures (e.g. drop
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structures, sediment ponds, ete.) 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

(M

2)

3

)

)

©

™)

100 Year Flood Plain Elevation (100 Year F.P.EL):

That water surface elevation established by applying the Manning Equation
(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
Year F.P.EL are those based on the Corps of Engineet's analysis and form the
basis of the Flood Insurance Rate Map (FIRM) as adopted by the Federal
Insurance Administration, or subsequent amendments,

Flood Plain: Area of land laying below the 100 year flood plain elevation.

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 filling or obstructions within
the floodway.

Floodway Fringe: Area between flood plain line and the floodway line
which, if filled, would not produce a significant rise in the 100 year flood

plain elevation,

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 (0.5) 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 a percentage of the stream flow, will continue to
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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.

Criteria for Filling in the 100 Year Floodway Fringe

Y

2)

()

@

()

(6)

™

®)

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.

For fill 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 development within a flood plain, the
downstream water surface elevation will be determined as follows:

(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
Equal Conveyance Principle in (A) above.

The requirements of 3.36, Paragraphs 4, 5 and 6 shall apply.

HI-21



338 DETENTION PONDS
On-site detention shall be used to control post-development runoff. Such runoff shall not

exceed predevelopment conditions. Inflow volumes shall be calculated for the 5, 10, 25
and 100 year storm frequencies. For areas less than 50 acres a form of the Rational
Method will be acceptable, while for areas 50 acres and larger a HEC-I or one of the
previously mentioned computer analysis programs will be required.

The detention system shall be designed for the 100 year storm frequency, a 24 hour
design storm duration and a time to empty of 48 hours. Any type of pond design shall be
designed with a freeboard of 20% the nominal depth of the pond, but not less than 1.0
feet. The maximum allowable head water must be kept within the range of slope stability
of the embankment construction. All design calculations shall be a part of the
construction plans.

An outlet control structure such as an orifice and weir placed at the inlet end of the outfall
pipe is to provide an integrated stage-discharge such that a wide range of storms can be
effectively controlled. Perforated riser pipes, weirs and special outlet control boxes are
acceptable. Pipe/culvert type outlet control will only be allowed with written approval
from the City. All vertical structures shall have anti-vortex and trash rack devices.
Emergency overflow structures and paved positive overflow channels shall be included
with the design of detention systems.

Whenever possible, detention ponds shall fit in the natural contour of the land, be
aesthetically pleasing and be free draining. A grading plan with two foot intervals shall
be placed on the construction plans. Maintenance access shall be provided for each pond.
The bottom slope shall be a minimum of 2% towards the outfall structure. Detention
basins shall be designed with short and long term erosion control.

A detention system maintenance program shall be prepared and submitted to the City for
approval before final acceptance of the construction plans.
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4.01

4.02

IV - CONSTRUCTION PLANS PREPARATION

GENERAL
This section covers the preparation of drainage construction plans for the City of

Rockdale.

PRELIMINARY DESIGN PHASE

The preliminary design phase shall be complete in sufficient detail to allow review by the
City of Rockdale. 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 photogrammetric methods, or by
use of topographic maps.

Based upon the procedures and criteria outlined in SECTION III, CRITERIA AND
DESIGN 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 alignment, 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
improvements 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 HI. 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
usuatly sufficient. When calculating runoff the drainage area map shall show the
boundary of the drainage area contributing runoff into the proposed system.
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This boundary can usually be determined from a map having a contour interval of 2
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 manmade 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 cleatly shown and differentiated on the drainage area map. Plan-profile storm
sewer or drainage improvement sheet limits shall also be shown,

The Drainage Area Map should show enough topography to easily determine its
location within the City.

Plan-Profile Sheets

Inlets shall be given the same number designation as the area or sub-area
contribution runoff to the inlet. The inlet number designation shall be shown
opposite the inlet, Inlets shall 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 leading 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. Lateral profiles shall be drawn showing appropriate information
including the Hydraulic Gradient.

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. All storm sewer components shall be stationed.
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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 physical grade in percent. Hydraulic 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 shall be shown at one
hundred foot intervals on the profile. Stationing and flow line elevations shall also
be shown at all pipe grade changes, pipe size changes, lateral connections,
manholes and wye connections,

4.03 FINAL DESIGN PHASE
During 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 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 locations,
items and quantities shonld be checked and each plan-profile sheet shall have a bench

mark shown,
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V - APPENDIX

DEFINITION OF TERMS

Angle of Flare: Angle between direction of wingwall and centerline of culvert or
storm drain outlet,

Conduit: Any closed device for conveying flowing water.

Control: The hydraulic characteristic which determined the stage-discharge

relationship in a conduit.

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

Entrance Head: The head required to cause flow into a conduit or other structure; it
includes both entrance loss and velocity head. '

Entrance Loss: Head lost in eddies or friction at the inlet to a conduit, headwall or

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

Freeboard: The distance between the normal operating level and the top of the side
of an open channel left to allow for wave action, floating debris, or any other
condition or emergency without overflowing structure.

HEC-1: Computer Program to analyze a Flood Hydrograph. This program is
available on-line or by mail from the U. S. Army Corps of Engineers.

HEC-2: Computer Program to analyze a Water Surface Profile. This program is
available on-line or by mail from the U. S. Army Corps of Engineers.



HEC-RAS: A later version of the HEC-2 Computer Program to analyze a Water
Surface Profile. This program is available on-line or by mail from the U. S. Army
Corps of Engineers.

High Water Elevation: The water surface elevation during the peak of the design

storm.

Hydraulic Gradient: A line representing the pressure head available at any given

point within the system.
Invert: The flow line of the pipe or box (inside bottom elevation).

Manning's Equation: The uniform flow equation used to relate velocity, hydraulic

radius and energy gradient slope.

Natural Resource Conservation Service: Also known as the NRCS, formerly
known as the Soil Conservation Service (SCS). Published a Technical Report # 55
that presents several procedure for determining storm runoff, peak discharge, and

storage volumes,
Open Channel: A channel in which water flows with a free surface,

Rational Formula: The means of relating runoff with the area being drained and the

intensity of the storm rainfall.
Soffit: The inside top of the pipe or box.
Steady Flow: Constant discharge.

Surcharge: Height of water surface above the crown of a closed conduit at the

upstream end.

Tailwater: The total depth of flow in the downstream channel measured from the

invert at the culvert outlet.



5.01B

Time of Concentration: 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.

Total Head Line (Energy Line): 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 plus the pressure head for conduits

flowing under pressure.

Uniform Channel: A channel with a constant cross section and roughness

coefficient.
Uniform Flow: 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 at normal

depth and can be computed by the Manning Equation.

Watershed: The area drained by a stream or drainage system.

DETENTION SYSTEM DEFINITIONS

Detention Storage: Detention storage facilities are generally designed to control
short, high-intensity local storms, as these are the major cause of flooding on small
streams (1). Detention storage serves to attenuate the peak flow by reducing the
peak outfall to a rate less than the peak inflow which effectively lengthens the time
base of the outfall hydrograph. The total volume of water discharged is the same; it
is merely distributed over a longer period of time (2). Discharge from detention
storage facilities begins immediately at the start of the storm, and the facility is

usually completely drained within a day.

Retention Storage: Retention storage refers to those facilities where stormwater is
collected and stored during the flood event. The stored water is released after the
flood event by means of controlled outlet works. Alternatively, the water may be
allowed to infiltrate into the ground or evaporate. For maximum effectiveness, the
water contained in the retention storage facility must be released or lost before the




next flood event occurs (2). In some cases, it may be desirable to maintain a
permanent pool within the retention area. Such a facility is termed wet storage.

Conveyance Storage: As stormwater enters and flows in channels, floodplains,

drains, and storm sewers, the flow is being storage in transient form and is termed
conveyance storage. Conveyance storage is generally obtained by constructing
low-velocity channels with large cross-sectional areas.

Upstream Storage: This storage occurs upstream of the design area to be protected.
It is intended to contain runoff which originates upstream and beyond the area to

be protected.

Within-Area Storage: This storage occurs in the atea to be protected. It is intended
to store runoff originating in and around the area to be protected. It is common for

such storage to be provided at the development sites.

Downstream Storage: This is storage located downstream from the area to be
protected. The general purpose of downstream storage is to manage storm flows
from the area to be protected and to control any detrimental downstream effects

from development in the protected area.

Rainfall Storage: Rainfall storage refers to the storage of water in the vicinity of
the rainfall occurrence or before storm water accumulates significantly (3), This
storage classification is similar to "within-area storage” as mentioned above,

Runoff Storage: Runoff storage refers to the storage of larger quantities of water
which have accumulated significantly and have begun to flow in the drainage
system. This storage classification is closely related to "upstream storage" and

"downstream storage" as mentioned previously.

Driveway Storage: This storage method involves the construction of depressed
section in the driveway such that runoff from the lot and/or roof may be routed and
stored there. A properly designed outlet system will regulate the discharge of this

runoff into the drainage system (2).



Cistern/Infiltration: A cistern or tank can be located within the property area to
collect runoff from the lot and roof. If local subsurface soil properties and geologic
conditions permit, the water can be infiltrated after the storm subsides (2).

Cistern/Irrigation: This method is identical to the “cistern/ infiltration" method
except that the option is provided for the water in the cistern to be used for an

jrrigation water supply or to be discharged into the storm sewer system.

Rooftop Storage: This storage method is most applicable to industrial, commercial,
and apartment buildings with large flat roofs. Rooftop storage is often an
economical and effective alternative. Since it is common for buildings to be

designed for snow loads, it is possible to accommodate an equivalent depth of
water without any structural changes. A six-inch depth of water is equivalent to
31.2 pounds per square foot, less than most snow load requirements in the northern
United States and Canada (4).

Special roof drains with controlled outlet capacity are typically installed as an
integral part of the rooftop storage method. With proper installation of such drains,
peak runoff from roofs may be reduced by up to 90 percent (4).

An important consideration for the rooftop storage method would be to provide
overflow mechanisms to ensure that the structural capacity of the roof is not
exceeded. An additional consideration would be the watertightness of the rooftop.

Parking Lot Storage: Parking lots can be graded to route runoff to desired storage
areas or areas of infiltration. If the flow is routed to a storage area, outlet works
such as grated inlets or overflow weirs serve to regulate the design flow.
Alternatively, the runoff may be routed to grassed or gravel filled areas for

infiltration and percolation.

On-Site Ponds: On-site ponds provide for the collected stormwater to be released
in a controlled manner by overflow weirs or orifices, When properly designed, on-
site ponds can serve the hydraulic function while providing recreational and

aesthetic benefits.



Slow-Flow Drainage Patterns: This storage method involves the design of

conveyance systems with reduced grades to provide reduced flow velocities. The
desired effect is to obtain temporary ponding and a form of transient storage. Slow
flow drainage may be augmented by providing controls (e.g., weirs, checks) along
channels to create a system of linear reservoirs (2). Use of such controls will
provide temporary storage while allowing for a possible increase in infiltration,

Open Space Storage: Open spaces such as parks and recreation fields generally

have a substantial area of grass covering and provide increased infiltration
opportunities. Such open spaces produce only minimal quantities of runoff,
Therefore, open spaces provide excellent opportunities for the temporary storage of
storm runoff, provided the primary use of the open space is not altered. This is
generally not a problem since recreation areas are seldom used during storm events.

Retention Reservoirs: Retention reservoirs located in a watershed catchment

generally represent major storage facilities (2). They are most effective when
located in valleys or recessed areas and should have the ability to regulate stream
flow. Retention reservoirs maintain a permanent pool in the form of ponds or
lakes. As such, they are well suited for water-oriented recreational features.

Detention Reservoirs: Detention reservoirs are generally located on streams and
are frequently located above the reaches where there is a continuous flow (2).

Since a permanent pool is not maintained, detention reservoirs do not provide
opportunities for water-oriented recreation. However, they may be conveniently
integrated into a park and open space plan.

Gravel Pits and Quarries: Gravel pits and quarries are located off-channel such that

a side-channel spillway is necessary to intercept and direct the peak flow to the pit
location. Outfall from such storage facilitics must generally be pumped.



3.02

ABBREVIATION OF TERMS AND SYMBOLS

A

Cp640

c.fis.

Drainage area in acres of tributary watershed. Cross-sectional area of
gutter flow in square feet. Cross-sectional area of flow through conduit

in square feet.

Sub-section area in square 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,

Coefficient related to drainage basin characteristics and used in

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.




FL

HW

Kb

Flow line.

Feet per second.

Gravitational acceleration (32.2 feet 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.

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, etc., due to

turbulence in feet.

Velocity head loss in feet.

Intensity, in inches per hour, for rainfall over an entire watershed.

Head loss coefficient at bridges.
Coefficient of entrance loss.

Coefficient for head loss at junctions, inlets and manholes.



Qr

Qu

9p

Length of channel in miles measured along flow line.

Length of stream in miles from design point to center of gravity of

drainage area and used in Unit Hydrograph calculations.

Length of curb opening inlet in feet.

Initial and subsequent rainfall losses in inches and used in Unit

Hydrograph calculations.
Coefficient of roughness for use in Manning's Equation.

Length in feet of contact between flowing water and the conduit
measured on a cross section. (Wetted Perimeter)

Storm water flow in c.fs.

Peak flow in c¢.f:s. as determined by Rational Method.

Peak flow in c.f.s. as determined by Unit Hydrograph Method.

Peak rate of discharge of the Unit Hydrograph for unit rainfall duration

of ¢.f's. per square mile,

Peak rate of discharge of the Unit Hydrograph in ¢.fs.

Hydraulic Radius = Cross section area of flow in sq. ft. (A)
Wetted perimeter in fi. (P}



RT

W

V¢

|<

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

opetrating 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 a culvert outlet,
Velocity of 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.

Velocity head. A measure, in feet, of the kinetic energy in flowing
water.
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Upstream Velocity

Downstream Velocity

Street width from face of curb in feet.

Wetted perimeter in feet.

Reciprocal of crown slope, 1/8,,.

Crown slope of pavement in feet per foot,

Conveyance factor calculated for unimproved channels.
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Table
No. Content
1 Runoff Coefficients and Minimum Inlet Times
2 Coefficients "Ct" and "Cp640"
3 Minimum Slopes for Pipes
4 Maximum Velocities in Closed Conduits
5 Roughness Coefficients for Closed Conduits
6 Velocity Head Loss Coefficients for Closed Conduits
7 Roughness Coefficients for Open Channels
8 Culvert Discharge Velocities
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TABLE 1

COEFFICIENTS OF RUNOFF AND MINIMUM INLET TIMES

Minimum

Runoff Inlet Time

Land Use _ Coefficient C In Minutes
Residential 0.4-0.6 15
Commercial 0.9 10
Industrial 0.7-0.9 10
Multiple Unit Dwelling 0.6-0.8 10
Parks 0.35-0.55 15
Cemeteries 0.3-0.4 15
Pasture 0.3-0.4 15
Woods 0.3 15
Cultivated 0.4-0.6 20
Shopping Centers 0.9 10
Paved Areas 0.9-0.95 10
Schools 0.6-0.75 15
Patio Homes 0.6 15
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TABLE 2

COEFFICIENTS "C¢"

Drainage Area Characteristics

Sparsely Sewered Area
Flat Basin Slope (less than 0.50%)
Moderate Basin Slope (0.50% to 0.80%)

Steep Basin Slope (greater than 0.80%)

Moderately Sewered Area
Flat Basin Slope (less than 0.50%)
Moderate Basin Slope (0.50%) to 0.80%

Steep Basin Slope (greater than 0,80%)

Highly Sewered Area
Flat Basin Slope (less than 0.50%)
Moderate Basin Slope (0.50% to 0.80%)

Steep Basin Slope (greater than 0.80%)

Vi-

"Cp640"

Approximate
Value of “C}”

Approximate
Value of “C,640”

0.65

0.60

0.55

0.55

0.50

0.45

0.45

0.40

0.35

350

370

390

400

420

440

450

470

490




TABLE 3

MINIMUM SLOPES FOR CONCRETE PIPES

(n = .013)
Pipe Diameter Slope Pipe Diameter Slope
{Inches) (Feet/100 Feet) (Inches) (Feet/100 Feet)
51 045
18 180 54 041
21 150 60 036
24 120 66 032
27 110 7 028
30 090 78 ' 025
33 080 ' 84 023
36 070 90 021
39 062 96 019
42 056 102 018
45 052 108 016
48 048

NOTE:  Minimum pipe diameter to be used in construction of storm sewers shall be
eighteen (18) inches,
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Type of Conduit

Culverts

Inlet Laterals

Storm Sewers

TABLE 4

VELOCITIES IN CLOSED CONDUITS

Minimum Velocity *

2.5 fps.

2.5 fps.

2.5 fps.

Maximum Velocity

15 fp.s.

30 fp.s.

12 fp.s.

Storm sewers shall discharge into open channels at a maximum velocity of 8 feet per second.

*Minimum velocity is intended as a guide, no storm sewer lateral shall be sized less than 15 inches

in diameter.
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TABLE §

ROUGHNESS COEFFICIENTS FOR CLOSED CONDUITS

Recommended
Roughness Coefficient

Material of Construction n'"
New Monolithic Conerete Conduit.. ..o .012-.015
Corcrete Pipe Storm Sewer

Good Alignment, SMOOth JOINS .v..vuviuisiocereeeensessseressseeeseeeessssssensessesssssssses oo, .012-,013

Fair Alignment, Ordinary JOINS ......cvvvvrireissimmiecrissssiscssceosmessnsssessesssssensssssssessesss 015

Poor Alignment, Poor JOIMES covvverreenrnricsnssis st sesess s sab s 017
CONCTELE PIPE CULVEITS 1vvvrvvrircesrinrnrisciresssssessssesssinssesessessesssssssssssssessesssssssssssossnsessessessssses s 012
MonolithicC CONCIEtE CUIVEItS.uvuumirreririrnneiarisisiissiesneesecssesnnsesssssssssssessssssesssssssssoons 012-.017

NOTE:  Reinforced concrete pipe is the accepted material for construction of storm sewers. The use of
other materials for the construction of storm sewers shall have prior approval from the City
Engineer,
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LAY % |

VELOCITY HEAD LOSS COEFFICIENTS
FOR CLOSED CONDUITS

MANHOLE ON MAIN LINE WITH
BRANCH LATERAL OR WYE CONNECTION

HEAD LOSS
DESCRIPTION ANGLE COEFFICIENT
K}
o 60° 0.60
Angles~ \ &2 i\\ 2
— R & — ,_.,., kY 4'
Q1 Qf 45° 0.40
MANHOLE AT CHANGE IN PIPE DIRECTION
HEAD LOSS
DESCRIPTION ANGLE . COEFFICIENT
KJ
s0° 1,00
Ang-[ew-;‘m_ﬂ 60° 0.80
S 450 0.65
30° 0.50
BENDS IN PIPES
| HEAD LOSS
DESCRIPTION ANGLE COEFFICIENT
Kj
90° 0.80
; S -Ys L 0.60
Angle N 450 0.50
‘ 30° 0.45
ENLARGEMENTS IN PIPE SIZES
WITH CONSTANT FLOW
 RATIO OF UPSTREAM DIAMETER HEAD LOSS
DESCRIPTION TO DOWNSTREAM DIAMETER COEFFK‘?’ENT
0.8l 1.00
0.82 0.90
_ 0.84 " 0.80
“ 0.85 0.70
) 0.86 0.60
0.88 0.50
0.90 0.40

0.92 0.30
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TABLE 7

AOUOKNESS COEFFICIENTS FOR OPEM CHAKNELS
Roughness Coefficlent

Chennel Descriptlon
HINOR NATURAL STREAM3 - TYPE | CRAKNEL

Hoderataly Well Defined Channel
Grass and Weeds, Little Brush
Donse Woeds, Litile Brush
Weeds, Light Brush on Banks
Weods, Heavy Brush on Banks
Yoods, Dense Willows on Banks

trreguiar Channel with Pools and Heanders
Orass and Weods, Little Brush
Donse Weeds, Llttle Brush
Woeds, Light Brush on Banks
Woeds, Heavy Brush on Banks
Weeds, Dense Willows on Banks

Flood Plaln, Pacture
Short Orass, No Brush
Tall Grass, Mo Brush

Flood Plaln, Cultivated
Ho Crops
Hature Crops

Flood Plaln, tncleared
Heavy Weeds, Light Brush
Hedlym to Derse Brush
Trees with Flood Stage below Branches

MAJOR NATURAL STREANS - TYPE 1 CHANNEL

Hinlnun

0.025
0.030
0,030
0.035
0.040

0.030
0.036
0.036
0.0%2
0,043

0.025
0.030

0.026
0.030

0.035
0.070
0.080

The roughness coefflélentrlt less than that for

ninor streams of simitar description because
banks offer laess effective reststance.

Hoderately Well Deflned Channel
Irregular Channel

URLINED YEOETATED CHAKNELS - TYPE |1 CHAHNEL

Mowed Grass, Clay Soll
Mowed Grass, Sendy Soll

UNLIHED NOM-YEQGETATED CHANHELS - TYPE 11 CHAKKEL

Clean Gravel Sectlon
Shale
Smooth Rock

LINED CHAMNELS - TYPE 1l

Smooth Finished Concrete
Riprap (Rubble)

0.028
0.035

©0.026

0.025

0.022
0.025
0.025

0.013
0.030

vi-8

Kormal

0.030
0.038
0,035

0,060 -

0.080

0.038
0.042
0.042
0.060
¢.072

0.030
0.035

0.050
0. 100
0. 100

0.026
0.030
0.030

Haxlimum

0.033
0,040
0,040
0.060
0.080

0,042
0.048
0.048
0.072
0,095

0.035
0.050

0.035
0.050

0.070
0.160
0.120

0.060
0. 100

0.0356
0.036

0.030
0,035
0.035

0.020
0.050

Kaximun
Yeloclty

F- - - - -

@ o ;oo

o™ o

10
i5

s
i2



TABLE 8

CULVERT DISCHARGE VELOCITIES

Maximum Allowable

Culvert Discharges On Velocity (f.p.s.)
Farth (SaNAY) oot sesiessens 6
EBarth (CLAY) .ovvvrrervrrriininninnisensssiise s ssesmesssissses ssssssesssssssssssesssssssssssssvsnessssnsasses 7
S0dded Barh it 8
COMNCIEIR 1orirvivmrriimennisis i s bbb bR bR 0R 0011 15
ShAle v s 10
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Figure No.

10

11

12

13

14

VII - LIST OF FIGURES

Title

Rainfall Intensity and Duration

Time of Concentration for Surface Flow

Capacity of Triangular Gutters

Capacity of Parabolic Gutter (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 Grade Combination Inlet on Grade
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Figure No.

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

Title
Four Grate Combination Inlet on Grade
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
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FLOW DISTANCE IN FEET
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EXAMPLE

Known! , Solutlon:

Major Thoroughfare, Enter Graph at .5
Pavement WIdth s 33' Intersect Cross Slope s (/4"/}
Gutter Slope s 1LO% [ntersect Gutter Slopes| 0%
Pavement Cross Slope = {/4'/1' Read Gutter Capacltys122ec.t.1.
Depth of Gutter Fiows %' ‘

Find:

Gutter Capacity

GUTTER CAPACITY IN C.F S,
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18 ALLEY I—

(3121 G2103.88

ALLEY
{3'2}0'“‘ 7

ALLEY SECTION

12' ALLEY
(512105 10,33 . ["

LA
i

' L} lllllllll L

|
\

g

-

—t EXAMPLE :

(5920 07 ALLEY WIDTH 10’

19120) Qu27.74 ALLEY DEPRESSION = 8"

KNOWN |

INVERT SLOPE = 2.2%
FIND !
INVERT FLOW (Q)

Nofe:

The Capaclties Obtalned From
This Nomogroph are Based on
a Stralght Horlzona! Allgnment,
Curved Alignments May Result
In Reduced Capaclty,

o

g

g

I 7 Illilllllllillll T

5.8 833833
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"0" DISCHARGE IN CUBIC FEET PER SECOND
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SLOPE lkFEET PER 100 FEET
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= 0.4

SOLUTION :

CONNECT THE 10' ALLEY
SECTION WITH

SLOPE = 2.2 %

READ Q: 94 ¢.f. 3,

CAPACITY OF
ALLEY SECTIONS

n=0.0175
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STORM DRAIN INLETS

INLET AVAIL, DESIGN
INLET DESCRIPTION INLET WHERE USED
TYPE SIZES CURVES
6 ] .
‘. re' LOCAL sTREXT FIGURE S
I [_— — :}_ 3¢ cOLLICTOR sTALET .
i
] 40 COLLECTOR sTREET rualguw
STANDARD CURB OPENING INLET ALLEYS
ON GRADE
4‘
,e l " .
. 24" LOCAL STRIET .
IA M N . 36" COLLECTOR STREET FIGURE
10 ALLEY 3
STANDARO CURB OPENING INLET
AT LOW POINT
) :
_/’J_j\ ¢ 40" COLLECTOR STREET FIGURES
T mﬁ ] 2-24' MAJOR STREET 8
10 2-3% MAJOR STREET THROUGH
RECESSED CURB OPENING INLET 2-3¢' MAJOR STREET 2
ON GRADE .
‘l
__/—k ¢ 40' coLLECTOR STREXT
m 'y t-24' NAJOR BSTRELT FiGURE
IIA 0 2-33 MAJOR STREEY 13
RECESSED CuRI—OPENNG MEET - Ca=36' Wasox FTRIET -
AT LOW POINT : :
.'_-__-—‘,_-—L———_—____ ‘| .
L/H\J—*' COMBINATION INLETS TO BE USED FIGURES
T ¢ M ALLEYS OMY WITH WRITTEN APPROVAL 14
FROM CITY ENOINEER, THROUGH
COMBINATION INLET . e
. ON GRADE
Tt . . “
— B—~— J— COMBINATION INLETS TO BE USED
TITA ¢ M ALLEYS ONLY WITH WNITTEN APPROVAL| FIGURE
FROM CITY ENOINEER, 0
COMBINATION INLET M
AT LOW POINT
2 GRATE| GRATE INLETS TO AE USED WHERL
n 3 GAATE SPACE RESTRICTIONS PROHIBIT RGURES
X 4 GRATE| OTHER INLET TYPES OR AT LoO- 18,17,
9,0
: CATIONS WITH NQ CURB. AND WITH a'st
GRATE INLETS ¢ GRATE WAITTEM APPROVAL FROM THE CITY
- ENGINEER
M r vy v 242
e o) —_——
X ) i T 7 "y OPEN CHANNELS "‘;‘;"‘5
TYPE 'y’ He
DROP INLET

FIGURE 7
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07 Wiasaa 7
5 %" A AAA
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' Var
— £ A
-5 g 4e 5
e ]
.r"'all.r"v?r _! ;- . . .
4 /,»3?;)} =z ROUGHNESS COEFFICIENT n:.0i75 | H]4
4 : Lol
7707 4un ] STREET
Va7 ;
3 ”/[‘7/;/’ 27 i WIDTH CROWN TTPE T,
a7 zas ALL 1744060 erocs s
. 3 foor -/Os% wlope
= 1
L T
2 1 1 i 2
2 -4 5 6§ 7 10 15 20" 25 0
i QUANTITY OF FLOW IN C.F.S.
EXAMPLE
Xnown: . Declsion:
Povernen! Width = 24 L.Uss 10" Inlet

Gutier Slope = 2.0 %
Povement Cross Slope = 174"/ |
Guiter Flow = 4.4 ¢fg
Find:
Length of Inlet Requlred {L;)
Solution:
Enter Graph at 4.4 cfs
Infersect Slope = 2,0 ¥
Read L;= 8.4

No F‘Io.w Remains In Gulter
2.Use 8 Inlet

Intercept Only Port of Flow
Use 8" Inlet
Enter Groph at Li= 8"

Intersect Si =2.0%
Reo(d“é = 4°.p2ecf: ' RECESSED AND STANDARD
Remoining Gutter Flow = CURB OPENING INLET

4.4 ¢cfs—4.2 cls=0.2cfs
CAPACITY CURVES
ON GRADE

FIGURE 8



10

Length of Iniei Required (L;)
Solutlon:

Enter Graph ot 6.0 ¢fs

Infersact Slope = 0.6 %

Reod L;= 8.9

F4 9 19 13 20
£ 150
40
1
SEYB 1
50 - o N _30
i 5 1
b A A1 $
L ERr.ay.4ar
) Ve
rA\,/‘/ e .
AL 20
" /1 AL
A v ]
i 1 vd
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| /7 Py 7 I
AV
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20V 11
/‘,‘ .A/V 7
1 "y A - fO
L; : L& 9
v = poanres P
- - 2% K ‘ 8
| 4 étf}i‘ﬁ"‘ 7
N | ST
| ‘}A/ de“/ 6
: rer
41 .
5 ROUGHNESS COEFFICIENT n:.0i75} 15
: 4285774  sTREsT | :
4 % /; 294 3 R WIDTH CROWN TYPE 14
,//‘ ” (e n ]
A4 A : © ALL 3/8 BN Cross Slope :
Al X Y O 40 F-F 6" Parabolic Ja
I P v e
1 7 ]
: o . -
| Y -
; r,/Jr/ o
= I
| ! 3
; 2 4 5 6 [ 8 9 10 15 20 25 30
QUANTITY OF FLOW IN C.F.S.
EXAMPLE ggig Yo o
=2 .
Known: ' Decislon: oo M
Povement Width = 44 I.Use 10 Inlet B|E
Gulitor Slope = 0.6 %, No Flow Remalns In Gutter E[2
6" Parabolic Crown 2.Use 8' [nlet
Gutter Flow = 6.0 cfs intercept Onfy Port of Flow -
Find: Use &' Inlet DIFFERENCE

Enfer Graph ot L) = 8'

Intersect Slope = 0.6 %
Read 0 = o 1o 0™ RECESSED AND STANDARD

Remaining Gutler Flow = CURB OPENING INLET

6.0 cls —52¢f520.8 cfs
CAPACITY CURVES
ON GRADE

FIGURE- 9



Gutter Slope = 1%

4" Porobolic Crown

Gutter Flow = 6.0 c¢fs
Find:

Length of Inlet Requiied (L)
Solutlon:

Enter Graph at 6.0 cfs

Interssct Slope = [%

Read L;= 9.2'

4 4 Q i3 Q 3 %0
Al
45
2 o b0
".7 N
’(‘ A : > : rb’ P
9./‘? “ :
P4 ] P 20
. 71 A
AN AT
‘| //: 7] 15
| 1 gd
- o .//[/’/ /7
1A
' Uid 0 A
5‘, - yala IO
EL RERCHE: D250 aP2Y % 9
{ 1) dPs%s a
L /"/1 P % .
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‘ 4 1 A4A
— A 4 -
l ":;‘/ "ﬁ;‘/’ 8
Z 2 5 p
| ‘Af ;:“ o
IL_ 11 . 12 p . . 5
A ! b
578552k T[T |ROUGRNESS COEFFICIENT .n=.0175 ],
. . Fa o
£y STREET 4
A CROWN TYPE .
A A WIDTH 4
T .// ‘3
s o ' F " . ]
774", 26 F~F 4" Pgrabolie
P
a 2
| 2 4 5 6 T 8 9 10 15 20 25 30
‘ QUANTITY OF FLOW IN C.F.S.
EXAMPLE
Known: Declslon:
Pavernent Width = 2¢' l.Uss 10" Inlet

No Flow Remains In Gutter
2.Use 8 Inlet
Infercept Only Part of Flow
Use 1O'Inlst .
Enter Groph ot 1
Intersect Slope = |
Read Q = 6.6¢cfs
No Flow Remains in Gutter

Fy—

DIFFERENCE

n'
]

“ RECESSED AND STANDARD
CURB OPENING INLET

CAPACITY CURVES
ON GRADE

FIGURE ||
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g v Z89%% 6
)I A 4
i s e
L
. 5
s )
I /&:}; - = y ’ LY
' .0 200 ROUGHNESS COEFFICIENT  n:.0I75 4
Puts, awal
AL : STREET
vy
L 1g 11
[ } ALL Alley nan
¢'1 : ==
4 ]
- ]
4 f
I 2 4 S 6 7 8 9 IO i5 20 25 30
QUANTITY OF FLOW IN C.F.S.
EXAMPLE
Known: Decision: ' ]
Pavernent Width = i6' {.Use 8" Inlet — .
Gutter Slops = 1% 0 No Flow Remalns In Gufter e
Povement Cross Slope = 1/4"/} 2.Use 6" Inlet ‘
Gutter Flow = 4.4 ¢fs Intercept Only Part of Flow

Find: Use 8' Inlet
Length of Inlet Required (L} Enfer Groph ot Li=8’

Solutlon: intersect Slope = |9, D
Enter Groph ot 4.4 ¢tg Reod Q =4.75 ¢fs RECESSED AND STANDAR
Intersect Siope = 1% Ne Fiow Remains In Guiter CURB OPENING INLET
Read L= 7.5"

CAPACITY CURVES
ON GRADE

FIGURE |2



Li= LEnvoTH urf INLET in FEr;

EXAMPLE

Known: Solution: ,
Quantily of Flow = [6.0¢l.s. Enter Groph ot 16.0 c.i.s,
Moximum Oepth of Flow Desired Infersect Yo =l0.4'
in Guller At Low Point{yo} = 0.4' Reod L = 9.2
'Find' Use 10" Infet
Length of Inlet Required (L)
4 | 5 0 40 50 60 7080
i 3 5 6 78910 20 3 ) 30 s
/
yAW, /
' 1/
20 4 ) 20
A7 1A 1/ '
(l 4 4 / A
IA JAI, 7
5 4 /1 / IS
M/ / |/
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‘] ¥
/1 14 VP 4 A
/ N ,:J LA A
l/ NV Lp A
10 £ . 10
4 F 17TV
q
- > y y / 9
8 4 8
/ /
7 4 7
[ / ; /
6 / / ; 6
/ y /
5 / ’/! y 5
ll y A P4 I]

4 a a 4
2 3 4 S 8 7890 5 20 30 40 50 60 7080
Q- QUANTITY OF FLOW IN CES.

ROUGHNESS COEFFICIENT _ n = .0175 RECESSED AND STANDARD
STREET CROWN TYPE CURB OPENING INLET
1D
WIDTH CAPACITY CURVES

ALL Stroight ond Parabolic AT LOW POINT

Flocure |3



EXAMPLE

Known: Solutlon:
Quontity of Flow = ]0.0¢c.ls. Enter Graph at 10.0¢.1.1.
Gulter Slope = 0.6% intersect Slope = 0.6%
Find; Preceaptog 2t Flor
Caopacity of Two Grale Combination 62 % of 10.0c.hs. = 6.2 o.ls,
Infet _ os Copoacity of Two Grale

Combination Inlet .
Remaining Gutter Flow =
10.0 cf.s - 6.2cts. = 3.8¢clfs.
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QUANTITY OF FLOW IN CF.S.

TWO GRATE COMBINATION INLET
CAPACITY CURVES
ON GRADE

FIGURE |4



EXAMPLE

Known ! Solutlon:
Quantity of Flow = 6.0¢.1.3. Enter Graph ot 6.0c.1s,
Gutter Slope = 1.0% Intersect Slope =1.0%
en |
Find: ntorceprad = 79% "
Copacity of Four Grale Combination 79% of 6.0¢.fs. = 4.7cfs.
Infet as Capaclty of Four Grate

Combination Inlet
Remaining Gulter Flow =
6.0cts. -~ 4.7Tcelfs. = 1,3 ¢cts.
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CAPACITY CURVES
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EXAMPLE

Known: Solution:
Quontity of Flow = 8.0 c.f.s. ’ Enfer Groph al 8.0 c.f.s.
Gutter Slope = 0.4% Intersect Slope = 0.4%
Find: Read Percent of Flow
) Intercepied = 74 %
Capaclty of Three Graote Inlet 74% of 8.0 ¢ty = 5.9 ¢ts.

os Capocity of Three Grate Inlet
Remaining Gulter Flow =
8.0¢ts. ~-59cts. =22, |c.ts.
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QUANTITY OF FLOW IN C.F.S.

THREE GRATE INLET AND
THREE GRATE COMBINATION INLET

CAPACITY CURVES
ON GRADE
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EXAMPLE

Known: Solution:
Quantily of Flow = 6.0 ¢.I.s. Enter Graph of 6.0 ¢.f.s.
Gutter Slope = 1.0% Intersect Slops z1,0%
. Reod Percent of Flow
Find: Intercepted = 66 %
Copacity of Two Grafe Inlet 66% of 6.0c.ts.=4.0cts.

os Capacity of Two Grate inlet
Remaining Gutfer Flow =
6.0¢.fs.-4.0cfs.=2.0ct.s.
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QUANTITY OF FLOW IN C.ES.

TWO GRATE INLET
CAPACITY CURVES
ON GRADE

FIGURE |7



EXAMPLE

Known: Solution:
Quantity of Flow = 6.0 c.ls. Enter Groph af 6.0 c.fs.
Gulier Siope = |,0% Intersect Slope =1.0%
f b, Recd Percent of Flow
Find: Intercepted = 77 %
Capaclty of Four Grate Inlet 77% of 6.0 ¢cts. =4.6¢f.s,

as Capacily of Four Grole Inlet
Remolning Gutter Flow =
6.0cls ~46¢cls.=1.4 ct.s,
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QUANTITY OF FLOW IN C.FS.

FOUR GRATE INLET
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FIGURE |8



EXAMPLE

Known:

Quantity of Flow z 6.0 ¢.!.3.

Guiter Slope = 1.0%

Find:

Copaclty of Six Grale Inlet

Solul

Infe

ion:

Enter Groph ot 6.0 ¢.fs,

rsect Slope = 1,0%

Read Perceni of Flow
Intercepted = 82 %

os

82% of 6.0¢.t.s.2 4.9¢ls,

Capocity of Six Grote Inlet

Remaining Gutter Flow =

6.0

cls.—4.9ctfs. =1, 1ct.s.
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SIX GRATE I[INLET
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EXAMPLE

Known: Solution:
Quontily of Flow = 250c¢lts. Enter Graph ot 250¢c.I.s.
Maximum OQDeplh of Flow Desired Intersect vye ='O.5'
At Low Point {ye) = 0.5' Reod Lj =10.4
"inl
Fingd: Use 12 inlet

Length of Inlet Required (L)
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Q- QUANTITY OF FLOW IN CES.

ROUGHNESS COEFFICIENT n =.0l75

STREET | o own TvpE COMBINATION INLET
CAPACITY CURVES

ALL Siraight and Parobolic AT LOW POINT

ciroe 20N



EXAMPLE

Known: Solution:
Quantity of Flow = 4.3 c.l.s, Enler Graph at 4.3 c.t4.
Maximum Oepth of Flow Oesired Intersect 3- Grate al 0.23'
ot Low Polnt s 0.3 Intersect 2 - Grale at 0.5['
Find! Use 3-Grale

Inlet Required
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Q- QUANTITY OF FLOW IN C.FS.

GRATE INLET

CAPACITY CURVES

AT LOW POINT
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20

15

10

Li-LENGTH OF INLET OPENING IN FEET
o "

(&)

EXAMPLE

Known:
Quontity of Flow = {4.0cls.
Moximum Oepth of Flow Desiced

{ys) =0.6'
Find;
Length of Inlet Opening Required (L;)

Solution:
Enfer Groph of 14.0 ¢l
Intersect yo = 0.6'
Read L = 109"
Use 12 of (nfet; 3'x 3
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CREEXS 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 WYLIE,

(3) UNSANITARY OR UNACCEPTABLE DRAINAGE CONDITIONS DO NOT EXIST IN

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

' HOMEHCROACHMENT
LIMIT OF DRAINAGE AND EASLMENT
l STREET PLOCOWAY EAMEMENTY . 10° MIN, N
10 ( rnuaou:‘o ’
HINIMUM WYLIE CRITENLA MININY
i Q= === ¢ DZeN W 3, Lr
! faae—————
' 1a* 1r sTZEPER —
! THAN 3}

e

UHIMPROYED CHANNIL

TYPE I -~ NATURAL

TYPE I OR II - IF STEEPER THAN 3:1 SLOPE ABOVE DESIGN W.S., THE NON-ENCROACHMENT
ESMT. SHALL BE 15 FCET WIDE TO PROVIDE A STABLE ACCESS ESMT., IF ACCESS HAS NOT

OTHERWISE BEEN PROVIDED.

‘et A PARALLEL STREET IS RECOMMENDED ON AT LEAST NOTE: NO ENCROACHMENTS SHALL
ONE SIDE OF TYPE I CHANNELS IF THE DRAINAGE BE PERMITIED IV ACC"SS

; AND FLOODWAY IS DEDICATED TO FUBLIC USE. EASEMENTS.

1ENCAOACHMENT NONENCROACHMENT

ASEMENT LASENENT

§ dIN, LIMIT _OF DRAINAGE AND FLOOOWAY TASEMENY -t 1O NN,

COZSION W. 8, {WYLH CRITERIA)

/ PMININUN FXECBORAND
4 T Jr

" STEEPER THAMN 4.1 sLOPE
i VIRES ' EsuT,

T ONC, PILOT CHAMMEL 19 REQUIRED T WAY OHCRETE
-& TRAPEZZOIDAL, VEE OR OTHER SECTIOHS
MCCEPTABLE TO THE CITY EMGINEEN,

1 T BOTTON [NIN, 10'WIDE 1F FOR ACCESS

OF ADJAC

CORTROL OR 1F NEEDED FOR ACCESS DUE TO LACK

RECOMMEHDED
MAX. 4242 —J’
RECOMNENDED SLOPE UNLESS
APPROVED BY CITY ENOINEELR,

PILOT CHAKNEL IF REOWRED FOR EROSICH

EMT ACCESS EASEMNENTS,

{E:

STUDY,

UHLIRED CHAMNELS

TYPE II - UNLINED WITH MAINTENANCE SECTION

TYPICAL
ACCESS ACCESS
EASENENT LIMIT OF DRAIMAGE AND FASEMNENT
10" MM, o FLOODWAY CASILMENT Lt 10" MIN, “

‘ I* MIN. FREEBGARD
: (WYUECRITERIA) %r ,

™~ ' g DESION ¥. 8.
Ly RECORREAVE D it
: MAX, 4= 10 1
RECONWENDED MAXIMUM
1 Min, /1
I¥ 20" 0R WIOZR~ .
COMCRETE FLAT IFf LE33 THANW 20 w|DE

TYPE III -~ LINED

WHEN CHANNEL IS DESICGNED USING PEAK |
DISCHARGE FLOWS FROM THE FLOOD INSURANCE
FREEBOARD MAY BE DELETED.
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HEIGHT OF BOX (D) IN FEET

SURCAU OF FUGLIC ROADS JAN 43
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PIVOT LINE

EXAMPLE

Orow ¢ Straight Line Through Known
Vaolus of Area of Box, Length of Box,
and K¢ 1o Infersect Plvot Line. From
Pivol Line Drow a Siraight Line
Through The Known Voive Q fo Infer-
sect Heod, H in Feel.

F‘
it}
—~ &
- .8
— 1.0
-k
of
Wi
w
zt
T2
or
:‘.
:l:;_'3
. 4
- 4
'_-'6
-~ -——*-*:_'
L C 10
. 20
HEAD FOR

CONCRETE BOX CULVERTS
FLOWING FULL

n=0.012

FIGURE 27



o
= 1000
[~ 800 120
:..oo =108,
- 300 - 94
- 400 - o4
- 300 | e
i - ¢4
— 100 - 60
nl
| . b
5 s4
L [ ]
5 N w _.4.----—-
-1 x|,
Shwo gl
w ~ 10
g;-to° f
X o St
" SR, 3 SR
.9 kso - so
i 3
- 40 o«
[ aretr
— 30 .24
- 20 =1
: ~ 18 »
X
" -
- 10 -8 5
- &
- 8
- ¢ -2
— 8
- 4

SURLAY OF MBLE ROADS aads M3

EXAMPLE
Drow ¢ Strelght Line Through Xnown 4
Volue of Dlemster of Pipe, Length of F'
Plpe, ond K¢ 1o Intersect Pivot Line. -y
From Pivol Line Drew @ Strolght Line <
Through The Known Volue Q to Inter- - ¢
sect Heod, H In Foeol, -+
- 8
A B
wot - 10
- f
wit
N,
zl
b
2 L
w4
: ol
~ $
4§
- 8
10
- t0
HEAD FOR

CONCRETE PIPE CULVERTS
FLOWING FULL

n=0.0l12

FIGURE 28



»

IN FEET

CRITICAL DEPTH
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EXAMPLE

Known:
Discharge 2 200 c.f.s.
Width of Conduit = &'

Solution:
Enter Groph ot Q/8 : 40
intersect Critical Oepth

Q/B8 2 40 at 3.7
Find:
Critical Depth
5 6 7 8 910 20 30 40 50 60 BO 100 I50 200 250
15
L4
]
10
4 9
> 8
/7
p K¢
11
r/ ®
4] 5
e
4
L
v
- 3
e

A
///
1

|
0.9
0.8
0.7
: . 0.6

5 6 7 8 210 20 30 40 50 60 80 100 150 200 250

Q/B

CRITICAL DEPTH

OF FLOW FOR
RECTANGULAR CONDUITS

FIGURE 2¢




120 Esooo
14
108 E- 2000
102 3
%€ — 1000
— 90 -
- 84 -
$00
— 78 400
-~ 72 o f- 300
- S
\& Wh- 200
\ 5
— 60 — y
\E 100
- [ \
54 w
L
— 48 3F >°
3 z 40
x wh- 30
Z— a2 &
z ZE- 20
& 9E
o =
w36 F
2 10
O~ 33 L
- C
& S
ar— 30 ~ s
— 27 F
— 24 :-— 2
— 21 .y
— 18
dc = Cr
D =
ST
12

TEXAS HHHWAY DUPARTMINY
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Known:
Plps Dlometer o §6"
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Find:
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NOTE:

VIII - LIST OF FORMS

.................................. Storm Water Runoff Calculations

.................................. Inlet Design Calculations

.................................. Storm Sewer Calculations

.................................. Water Surface Profile Calculations

.................................. Open Channel Calculations

................................. Hydraulic Design of Culverts

.................................. Bridge Design Calculations

A copy of each applicable form must be submitted with the drainage plans to the
City to review.
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STORM WATER RUNOFF CALCULATIONS - FORM "A"

Column 1

Columns 2 through 6

Column 2

Column 3

Column 4

Column 5

Column 6

Columns 7 through 19

Column 7

Colunin 8

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

Are to be used in calculating runoff by the Rational Method.

Obtained from TABLE 1, or FIGURE 2

Using the appropriate Design Storm Frequency, and the Time
of Concentration in Column 2, the Intensity is obtained from
FIGURE 1.

Size of the drainage area tributary to the point of design shown
in Column 1.

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

Column 3 multiplied by Columns 4 and 5.

Are to be used in calculating runoff by the Unit Hydrograph
Method.

Taken from TABLE 2.
Measured distance along the stream course from the upper-

most limit of the drainage area to the point of design shown in

Column 1.
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Column 9

Column 10

Column 11

Column 12

Column 13

Column 14

Column 15

Column 16

Column 17

Column 18

Colunin 19

Column 20

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
0.

Taken from TABLE 2.
Column 11 divided by Column 10,

Size of the drainage area tributary to the plant of design shown
in Column 1,

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.

Obtained by multiplying the value in Column 15 times two.

Constant value of 1.11 inches for the Rockdale 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 drainage

area. If the size of the drainage area is less than 200 acres, QR
should be entered. If the drainage area is larger than 200 acres

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

1200 acres, Qy should be entered.
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INLET DESIGN CALCULATIONS - FORM "B"

Column 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 is same 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.
Column 5 Using the time of concentration and the Design Storm

Frequency, rainfall intensity is taken from FIGURE 1.

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 separate into the appropriate street
gutters.

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

Column 9 If there is any flow which was not fully intercepted by an

upstream inlet, it should be entered here.

Column 10 Sum of Columns 8 and 9,
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Column 11

Column 12

Column 13

Column 14

Column 15

Column 16

Capacity of the street gutter, in which the inlet is located, from
either FIGURES 3, 4, S 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 substantially 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 between the two values should be entered here and
in Column 9 of the inlet which will intercept the flow.
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STORM SEWER CALCULATIONS - FORM "C"

Column 1 Upstream station of the section of conduit being designed.
Normally, this would be the point of a change in quantity of
flow, such as an inlet, or a change in grade.

Column 2 Downstream station of the section of conduit being designed.

Column 3 Distance in feet between the upstream and downstream
stations.

Column 4 Drainage sub-area designation from which flow enters the

conduit at the upstream station.

Column 5 Area in acres of the drainage sub-area entering the conduit,

Column 6 Runoff coefficient, obtained from TABLE 1, based on the
characteristics of the subdrainage area,

Column 7 Column 5 multiplied by Column 6.

Column 8 Obtained by adding the value shown in Column 7 to the value
shown immediately above in Column 8.

Column 9 This time in minutes is transposed from Column 19 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.
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Column

Column

Column

Column

Column

Column

Column

Column

10

11

12

13

14

15

16

17

Design Storm Frequency.,

Using the time at the upstream station shown in Column 9 and
the Design Storm Frequency shown in Column 10, this value is
taken from FIGURE 1.

Column 8 multiplied by Column 11.

This siope should be computed from the profile of the ground
surface. Normally, the hydraulic gradient 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.

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

pipe.

Friction head loss is the product of Column 3 times Column 13.

Calculation is made utilizing the values of Column 15

V1 = Upstream Velocity V2 = Downstream Velocity

Head gains shall be taken to zero (0) in the storm sewer design.
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Column 18 Calculation is based on the values of Columns 3 and 15.

Column 19 Sum of Columns 9 and 18,

Column 20 Special design comments may be entered here.
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WATER SURFACE PROFILE CALCULATIONS - FORM '"D"

Column 1

Column 2

Column 3

Column 4

Column 5

Column 6

Column 7

Column 8

Column 9

Column 10

Column 11

Column 12

Column 13

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

Known or assumed water surface elevation at the particular

section.
Distance along the channel between sections.
Area of sub-section calculated from plotted cross sections.

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.

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 calculation form
divided by Column 10 and squared, which is the friction slope.

Average friction slope between sections.

Column 12 multiplied by Column 3,
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Column 14

Column 15

Column 16

Column 17

Column 18

Column 19

Column 20

Column 21

Column 22

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 divided
by twice the acceleration of gravity and multiplied by the total
flow.

Algebraic difference in velocity heads between sections,

Eddy losses are calculated as 10 percent of the value of Column
19 when such value is positive and 50 percent of the absolute
value of Column 19 when such value is negative,

Sum of Column 13, Column 19 and Column 20.

The sum of the value shown in Column 2 for the previous
section and the value in Column 21. If the elevations
calculated for subsequent sections do not agree within a
reasonable limit with the assumed elevations shown in Column
2 for that particular section, then the assumed elevations for
such section must be revised and the section properties
recomputed until the desired accuracy is obtained. An accuracy
of + 0.3 feet is considered a reasonable limit,
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OPEN CHANNEL CALCULATIONS - FORM "E"

Column 1 Downstream limit of the section of channel under
consideration.

Column 2 Upstream limit of the section of channel under consideration.

Column 3 Type of channel as shown in FIGURE 24 is entered here.

Column 4 Flow in the section of channel under consideration.

Column § Roughness coefficient of the channel cross section taken from
TABLE 7,

Column 6 Slope of the channel which is most often parallel to slope of the
hydraulic gradient.

Column 7 Square root of Column 6.

Column 8 Calculation is made using the values in Columns 4, 5 and 7.

Column 9 Assumed width of the bottom width of the channel.

Column 10 Assumed depth of flow,

Column 11 Assumed slope of the sides of the channel.

Column 12 Areas 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 is calculated from Columns 12 and 13.
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Column 15 Column 14 raised to 2/3 power.
Column 16 Product of Column 13 times Column 15.
When the value of Column 16 equals the value of Column 8 the channel has 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 Calculation is based on the values of Columns 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.
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HYDRAULIC DESIGN OF CULVERTS, FORM "E"

INFORMATION IN UPPER RIGHT OF SHEET:

Culvert Location:

Length:

Total Discharge, OT:

Design Storm Frequency:

Roughness Coefficient, n:

Maximum Velocity:

Tailwater:;

D. S, Channel Width:

Entrance Description:

Roadway Elevation:

U.S. Culvert F, L.;

Difference:

This is a word description of the physical location,

The actual fength of the culvert.

This is the flow computed on FORM "A".

Obtained from TABLE 1 and used on FORM "A".

Obtained from TABLE 5.

Obtained from TABLE 4.

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".

This is the bottom width of the downstream channel obtained
from the calculations on FORM "E". The culvert should be

sized to approximate this width whenever possible.

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

The elevation of the top of curb at the upstream end of culvert.
The flow line of the culvert at the upstream end.

The difference in elevations of the roadway and the upstream

flow line.
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Required Freeboard:

Allowable Headwater:

D.S. Culvert F.L.:

Culvert Slope, So:

The vertical distance required for safety between the upstream
design water surface and the roadway elevation or such other
requirements which may occur because of particular physical
conditions,

This is obtained by subtracting the freeboard from the
difference shown immediately above.

The flow line elevation of the downstream end of the culvert.

This is the physical slope of the structure calculated as

indicated.

Columns 1 through 10 deal with selection of trial culvert size and are explained as follows:

Column 1

Column 2

Column 3

Column 4

Column 5

Total design discharge, Q, passing through the culvert divided
by the allowable maximum velocity gives trial total area of
culvert opening.

Culvert width should be reasonably close to the channel bottom
width, W, downstream of the culvert.

Lower range for choosing culvert depth is trial area of culvert
opening, Column 1, divided by channel width, Column 2,

Allowable headwater obtained from upper right of sheet,

Trial depth, D, of culvert corresponding to available standard
sizes and between the numerical values of Columns 3 and 4.
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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

Column 7

Column 8

Column 9

Column 10

Number of culvert openings.

Inside width of one opening.

Inside depth of one opening if culvert is box structure or
diameter if culvert is pipe.

Column 6 multiplied by Column 7 and Column 8.

Total discharge divided by number of openings shown in
Column 6,

Columns 11 through 15 (Inlet Control) and 16 through 27 (Outlet Control) deal with Headwater
Calculations which verify hydraulics of trial culvert selected and are explained as follows:

Column 11

Column 12

Column 13

Column 14

Column 15

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 allowable headwater is
more than the value in Column 8, enter Case II,

Column 10 divided by Column 7.

Obtained from FIGURE 25 for box culverts or FIGURE 26 for
pipe culverts.

Column 14 multiplied by Column 8,
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Column 16

Column 17

Column 18

Column 19

Column 20

Column 21

Column 22

Column 23

Column 24

Column 25

Column 26

Column 27

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.

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 culverts 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,

Previously calculated in Column 19 and may be transposed.

The sum of Columns 21 and 25 minus Column 26,
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Column 28

Column 29

Enter the larger of the values from either Column 15, Column

. 20 or Column 27. This determines the controlling hydraulic

conditions of the particular size culvert investigated.

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,
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BRIDGE DESIGN CALCULATIONS - FORM "G"

Columns 1 & 2

Column 3

Column 4

Column 5§

Column 6

Colunm 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. Maximum
velocities are equal to those specified for open channels.

Total flow as shown on upper part of sheet divided by Column
3. :

Column 4 divided by Column 2.

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

Total flow through bridge divided by Column 7.

Selected head loss coefficient based upon specific conditions.

Calculated utilizing values in Columns 8 and 9.
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