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STORM SEWER DESIGN MANUAL

The purpose of this manual is to set forth a uniform procedure
for designing and checking the designs of proposed storm sewer systems for
the City of Mebane. Individuals are to use this manual in the preliminary
layout of storm sewer design to minimize revisions during the review
process. Itis not the intent of this manual to provide an explanation for
every design problem encountered, nor is it a substitute for experience,
sound judgement, and engineering knowledge.

The City of Mebane will use these guidelines along with sound
engineering principles to review the detailed drawings submitted for review.
These standards shall apply to all storm sewer design installations within the
<ty<:>KMbe'. _Apy_ Yii<InR h §;! clign apgi:t!9 1P4-[ tJl yy written
approval by the City Engineer prior to construction.
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Introduction

Inthe field of storm drainage design, there are numerous methods and theories to
which engineers may refer. To simplify design and review processes, the procedures for
design and construction are presented in this manual. Itis not required that engineers
designing storm drainage installation adhere entirely to these methods; however, the
methods presented in this manual will be considered minimum design standards and any
other methods must equal or surpass these design standards.

Presented in this manual are procedures, charts, and tables, which will be helpful

in. 111ecreslgTeaunefciaf mid reSfclentiai aeveiopmentsfo VIBOBNE. Also lisfea AIE -

requirements concerning storm drainage design and construction, including requirements
for Flood Studies.
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DESIGN PROCEDURES

The procedures presented in this manual will consist of five distinct and separate
steps to storm drainage design as it is applied to the storm sewer system for the City of
Mebane. In cases where roadway drainage is not a consideration, some of the steps will
not apply.

1) Determine the amount of water discharged at the point of design. This is basic to
the hydraulic design of any drainage structure whether it is a channel, culvert,
pipe system, or an inlet.

2) Determine the capacity of the gutter and allowable roadway area to transport the
quantity of runoff collected on the roadway.

3) Determine the intake capacity of the inlet structure receiving the runoff.

4) Determine the actual size for the discharge pipe based onthe calculated discharge
and the most economical slope.
5) Determine the QI1OO Water Surface Elevations and evaluate its impact on

structures (Flood Study).
DETERMINATION OF DISCHARGE

The City of Mebane uses two methods for determining storm drainage, discharge
design depending on whether the drainage basin is above or below 200 acres in area. Use
the Rational Method for areas under 200 acres and the Basin Lag-time Method for areas
over 200 acres.

The Rational Method
(Method for Estimating Rainfall Runoff in Drainage Areas Under 200 Acres)

The Rational Formula is:
Q=CIA
Where Q =peak discharge of drainage basin in cubic feet per second (cfs)
C =coefficient of runoff
I =intensity of rainfall in inches per hour for a storm of a given
frequency and duration equal to the time of concentration
A =areaof drainage basin inacres

When selecting representative values used in the rational formula, consider the following:
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1) Coefficient of Runoff =C
A list of runoff coefficients to be used in design computations is shown on page 8.
Select a C value coinciding with the characteristics of the drainage area after development.
When the drainage area involves acombination of coefficients a weighted average must
be computed. The type of land and development used in selecting a C value will be
compatible with the current zoning maps.

2) Rainfall Intensity =1

There is a direct relationship between rainfall intensity and the time of
concentration. The duration of the design storm is equal to the time of concentration of
the drainage basin in question. The time of concentration is the time required for a
particle of water to flow from the most remote point in any section of the drainage area to
the point of design.

A velocity of 8-feet per second would provide areasonable design velocity for
determining the time of concentration throughout the watershed of the Mebane area.
Since 8-feet per second =480 ft./min., adesign figure of 500 ft./min. is actually used to
simplify computations.

A further assumption is made that in the uppermost reaches of the watershed
where the following applies. The sheet velocity of the runoff will be such that it will
travel 800-feet in 10 minutes in business areas and 500-feet in 10 minutes in residential

--0€' fere-being-ro-lk--ctsd-in-we-11-d-efineawateroeur-ses-where-i-ts--veleeity  wi-H-then--be
500 ft./min.

As an example of application, suppose that in a residential area it is found by
scaling from a 200-foot scale topographic map that the distance from the ridgeline to a
point on awatercourse is 3000-feet. The time of concentration will be found as follows:

3000 ft.

- 500 ft. = 10 min.

2500 ft. @ 500 ft./min = 5 min.
Time of concentration = 15 min.

Using the time of concentration determine the rainfall intensity (I) fromthe
appropriate rainfall and runoff chart found onpages 9 — 13. Storm sewer systems
carrying streetor public runoff are to be designed to carry a 10-year return period storm.
This requirement will apply to all public and private developments.

1) Drainage Area=A

The acreage of the watershed in question can be computed from topographic maps
by marking the ridgelines and planimetering the designated areas. Provide copies of the
drainage area delineation mapping.

Once the values for C, I, and A are determined it is a simple procedure to
calculate the peak discharge rate for the site using the equation, Q = CIA.
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AVERAGE VALUES OF THE RUNOFF COEFFICIENT

Below are the runoff coefficients to be used in calculating storm water runoff. All
drainage must be designed based on proposed land use for the entire drainage basin and
must be assumed to be developed.

Type of Development: Runoff Coefficient

Residential, Single Family 0.65
Apartments, Condominiums, and Industrial Parks 0.80
Paved Areas (Downtown Areas, Shopping Centers, etc.) 0.95
Playgrounds, Parks, Cemeteries, etc. 0.40

Storm Drainage Design Return Period

Street Runoff Drainage Systems 10-years
Drainage-Structures-for Main-Drainage -Channels IUO-years

The finished floor elevation of all permanent structures must be constructed a
minimum of two feet above the 100-year flood elevation as established by FEMA Maps
or as established by flood studies as required in this manual.

In those areas with no flood study, the finished floor elevation of all permanent
structures must be constructed at least 2 ft. above the elevation of the downstream
roadway or embankment and must be at least 2 ft. above the highest adjacent grade.
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Rainfall Intensity- Duration:.; Freqticy Curves
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fitorm. sewer. Design Rahifall &-Runoff.Chart
100-year Retmn Period -
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STORM. SEWER .DESIGN -
RAINFALL & RUNOFF CHART

Storm Sewer Design Rainfall & Runoff chart

. 50 YEAR
RETURN PERIOD

SO-year-Return. Period

INTENSITY - INCHESHOUR -

-

70

0 .
TIME IN MINUTES

1f



] CITY OF MEBANE STORM SEWER DESIGN MANUAL

Storm Sewer D eS| P Rainfall & Runoff Chart
25-year Return Period
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Storm -Sewer Design Rainfall & Runoff Chart
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Basin Lag-Time Method
(Method for Estimating Rainfall Runoff in Drainage Areas Over 200 Acres)

The Basin Lag-Time Method is a mathematical regression model developed for
the Piedmont Area of North Carolina by the United States Geological Survey. This
method is acceptable in calculating rainfall runoff rates for drainage areas greater in area
than 200 acres. Details of the Basin Lag-Time Method, prepared by the U.S. Geologic
Survey, can be found in the 1972 open file report, Effect of Urban Development on
Floods in the Piedmont Province of North Carolina, by Arthur L. Putnam.

The Basin Lag-Time Method is a combination of two steps leading to the
calculation of peak discharge rates for the two, five, ten, fifteen, twenty, twenty-five, fifty
and one-hundred year floods.

The two steps include:

1) The estimation of basin lag-time which is the average time interval in hours,
between the occurrence of peak rainfall and the resultant peak runoff.

The equation for estimating Basin Lag-Time is:

T=0.49(L1.JSY5 - 0.5?

T Lag-Time inhours

L = Length of mainwater courseinmiles

S Stream bed slope of the main water course in feet per mile

1 Ratio ofthe areaof impervious cover tothetotal drainage area

2) Q2 = 221A087xT.06g 020 735A0.72x 7043
Q5 = 405AUNXT-0% Q25 790A 071 xT--0.42
Qio = 560A0.16xy--0.48 Q50 = 990A%%73XT"0-§Z
Q5 = 630A0.74 Xy -045 Qioo = 1200A =" xT-0
Q1 = Peak discharge for the flood having the recurrence interval indicated

By the subscript in cfs.

A Drainage Area in square miles
T = Lag-Timeinhours

Pages 19 -25 include a set of nomographs with an example, which can be used in
lieu of the above formulas.

14
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Nomograph for Estimating Basin 'Lag-'Tie
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‘Nomomph for Esimating 10-year Flood-Peak Discharge.
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.Nomo-gi;aph fo -Estimating 25-year Flood-Peak Discharge
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Nomograph for Estimating 50-yeai: Flood-Peak Discharge .
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: '\Nomog raph for-Estimating 100-year FloodPeak Discharge
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The following example illustrates the use of the Basin Lag-Time Nomographs:

1)

Find the 20-year flood-peak discharge given the following Drainage Basin
Information:

A = 2.72 square miles
1 = 40 (impervious area)
L = 2.66 miles from the design site to the rim of the Drainage Basin.

0.27 miles from the design site to a point that is 10 percent of the distance
to the rim of the drainage basin.

2.26 miles from the design site to a point that is 85 percent of the
distance to the rim of the drainage basin.

Elevation = 605 feet at the point that is 10 percent of the distance to the rim of the

2)

3)

4)

5)

drainage basin.
= 686 feet at the point that is 85 percent of the distance to the rim of the
drainage basin.

Compute Slope:

S= 686fl —605fl =8Ifl = 4l.0fl.per
mile2.26 mi —0.27 mi 1.99 mi

Compute Length-Slope factors:

Y.JS5=2.66 ,\] 1. —042
4 0

Determine lag-time from page 15, plot the value of impervious cover, | =40, on the
scale at the right; then plot the value of the length-slope factor, L/S = 0.42, on the
scale at the left. Connect these two points with a straight line and read the lag-time
value, T-0.53 hours, on the center scale.

Determine the 25-year flood-peak discharge from page 17. Plot the value of lag-time,
T =0.53 hours, on the scale at the right; then plot the value of drainage area, A - 2.72
square miles, on the scale at the left. Connect these two points with a straight edge

and read the 25-year flood-peak discharge value, Q2s = 1100 cubic feet per second, on
the center scale.

Itwould be advisable that the answer be verified with the appropriate equation, until

the use of the nomographs is understood.

20
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DETERMINATION OF GUTTER CAPACITY

The capacity of the gutter and roadway pavement is dependent upon the physical
characteristics of the facility in question. The cross slope of the pavement section, the
slope of the gutter, the longitudinal grade and the roughness interrelate to determine the
runoff carrying capacity of a street section. Equations and nomographs have been derived
based on these parameters, as well as the depth of flow at the curb and the spread of
water in the street.

Since the depth of flow and/or the spread into the street are normally the
controlling factors, the approach taken for this section was to set limits for speed and
develop tables showing the quantity of runoff allowable for the more commonly used
street sections. Two limits have been set for this purpose. The first is that the flow shall
not encroach within 8-feet of the street centerline. The second limit is that the width of
flow shall not exceed 10-feet from the face of curb.

Curb inlets will be spaced so that these two limits will not be exceeded during a
10-year design storm. Inspecial cases where flow is allowed to bypass inlets on

continuous slope, inlets located downhill in the sump will be designed to handle that
extra flow. Normally, multiple inlets are not allowed. Ifthere is enough flow to require
multiple inlets, the gutter capacity requirements probably have been exceeded.

Using the maximum width of flow for a given street width, the maximum depth of
flow can be determined for various pavement cross slopes. Using the maximum depth
an.a spread tonnollke area-caJan.a- llienyciavifc radis-{R) m-leequatimforopen - -
channel flow we have the maximum flow as a constant (for the given cross slope)
multiplied by the longitudinal slope taken to the Yz power.

Example:
Given: Street width 30' F-F
Si(Transverse Slope) = 0.25 ft./ft.

SL(Longitudinal Slope) =2% or .02 ft./ft.
Find: Qmax (Maximum allowable flow)

Q =A 1.486R 213 s

n
Using 7 ft. for maximum spread and .TS f(r maximum depth.

A =[(.208;.125) (2) T 15)<5) =.646

P =7.208ft
646

R= =0.0896
7.208
_ 486 _
Q=6.46x1, " x(0.0896) 2/ 3x Sil 2
0.15
Q=12.80x51/2
for $=.02 Q=12.80x(.02)112=1.8lIcfe

21
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Usingthis method,tableshavebeendeVeIoped showingipaximumtlowraces o1
- different combinations 9f -cross slope and longituwnal slope.for three common street

-widths. Usingthese-tables, the desigiter can -quidkly determill ifthe calculated flow -

isallowable atthe designated location

- Gutter Capacity for Streets with 2'-6" Standard Curb and Gutter

Street Width (Face.to Face) 26 ft.
Centerline Encroachment Limit . 8 ft.
Maxhrimn Spread 5 ft.
Maximum Cross Slope (%)
Depth 15 2 25 3 35 4
(ft.) 0128 0.143 0.158 0173 CUSS 0.203

MUimum Elow in Gutter at Maximum Spread (cfs)

Longi al . 0
Slope Cross Slop (%)
| ® 15 2 25 3 35 4
65- ,.-e-2 030 646 050-- - 1>:62 - 074
0 0.24 0.33 0.44 .0.55 0.68 0.81
o) 0.28 0.38 0.51. 0.64 0.78 0.94

0.31 0.43 0.57. 0;71 0.88 1.05

lis -035 0.48 . 0.63 0.80 . 0.98 1.17
1 038 0.53 0.69 0.87. 1.07" . 1.29
175 0.41 0.57 0.75 0,94 1.16 1.39
2 0.44 0.61 0.80 1.01 1.24 1.49
2. OA9 0.68 0.89 1.13 1.38 . 1.66
04 Oor75 0.98 1.24 152 182

35. 05% 0.81 1.06. 1.34 1.64 "1.96

4 062 ose- 113 143 115 210
45. 066 091 120 151 186 223
5 069 096 "i26- 160 196 235
55 073 101 13 167 05 246
6 076. ios 138 17 215 257

22



I CITY OF MEFBANE

STORM SEWER DESIGN MANUAL

Gutter Capacity for Streets with - 2--Standard Curb and Gutter

.. StreWidth (Faceto Face) 30 ft.
Centerline Encroachment Limit - 8 ft.
Maximum Spread- 7 ft.
Maximum - Cross Slope (%) .
Depth 15, 2 2 -3 35 4
- (ft) 0J58 . 0183 0208 0233 0258  0.283
Maximum Flow inGutter at Maximum Spread (cfs)
Long::)u; elnal Cross Slope (%)
L O] 15 2 25 3 35 4
05 0.45 0.66 0.91" 1.18 1.48 1.81
08 0.49 0.72 0.99 ".1.29 1.62 1.9'8
08 0.56 -0.83. 1.15 1.49" 1.88 2.29
1 fle3 0.:93 128 167 -2-J0.. 256
125 0.70 1.04 1.43. 1.87 2.35 2.86
15 0.77 14 . 1.57 2.04 2.57 3.14
175 0.83 1.3 .-169 2.21 2.77 3.39
2 0.89 132 181. 236 . 2.97 3.62
25 -1.00 148 2.02 . 2.64 . 3.32 4.05
3 1.09 1.62 2.22 289 3.63 . 4.44
35 1.18 ) 2.40- 12 . 3.92 4.79
4 1.26 1.87 2.56 . 334 420. "5.12
45 134 . - t98 2.72 . 3.54 . 445" 544
5 1.41 2.09 2.86 373 . 469 5.73
55 1.48 2.9 3.00 3.92 492 6.01
6 1.54 2.29 3.14 409 5.14 6.28
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Gutfer Capacity for Streets with 2'...(i" Sdard Curb and Gutter

Street Width (Face to Face)
-CenterlineEncroac JitLimit

Maximum Spread -

- 40 ft
8ft.
. 10 ft.

. Maximum Coss_Slope (%)
Depth 15 2 2.5 3 35. 4
(ft)... 0203 0243 . 0283 0323 0363 0403
Maxbilum How in Gutter at Maximum Spread (cfs)
LangitQdiimall CrassSlope (%)

. 15. 2 25 - 3- 35 4

- 1.03 159 224, 298 . 379 4.68
1.13 175 246 326 4%.. 512
13 . 28 .28 3.77 489 392
L46 225 317-. 421. 536. 6.6
-1.63 252 . 355 471 599 7.40
1.79 2.76 389 . 516 6.57 3.10
1.93 298 4.20 557 7.09 875
2.07 3.19 -4.49 S - . 753 9.35
231 3.56 -S.0l 6.66 848 10.46
253 390 580 730 929 . .11.46
278 422.. 94 788 . B3 037
292 451 . 6.% "843 -1.72 323
3D . 4.78 8.73 8%- 1.3 1%.03
327 S04 70 .94 . 1L K7 )
343 529 . T44- 9.83 57 ..1551
353 552 7T R i3.1 16.20|.

24
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DETERMINATION OF INLET CAPACITY
All curb inlets on public or private streets will be spaced so that they can pick up

the gutter flow for a 10-year storm event. They must be spaced using the
capacities below so that the maximum gutter flows are not exceeded.

The maximum allowable volume of flow to curb inlets on continuous slopes or in
a sunip situation will be as follows:
1) Continuous Slope:
e 4'-0"widecurbinlet:  4.0cfs
e 6'-O"widecurbinlet:  6.0cfs
2.) Sump Condition

e 4'-0O"widecurbinlet: 6.0 cfs
e 6'-0"widecurbinlet; 9.0cfs

These are absolute maximum capacities. A flow greater than these values will
rnquire the- inlet-spaeing to be adjusted

25
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1)

2)

3)

4)

5)

6)

7)

8)

GENERAL RULES FORLOCATING CURB INLETS

All curb inlets on City of Mebane maintained storm sewer lines must be City of
Mebane standard structures as shown inthe Roadway and Utility Standard
Drawings Manual and so designated on the plans. Non-standard inlets or other
structures for special situations require prior approval from the City of Mebane.

Curb inlets must be installed at any point along a continuous slope so that the
gutter flow shall not exceed the maximum allowable gutter flow as established in
the section of "Determination of Gutter Capacity" starting on page 21 and shown
in tables on pages 22, 23, and 24.

Curb inlets must be installed at the PC or PT of radius so that no gutter flow will
be allowed to sheet flow across an intersection.

Curbinlets mustbe located atany point of radius where the intersecting street
fallsaway so steeply that the gutter flow will have atendency tOJump out ofthe
gutter-and sheet-flowacrossiheintersection. -- ...

Curb inlets must be installed above any driveway turnout so that no gutter flow
will enter private property.

In certain cases, the NCDOT Standard Inlet No. 840.03 "Grate, Frame and Hood"
will be allowed where conditions prohibit the use of City standard inlets. This
will only be allowed with approval of the City.

Double inlets are not allowed. Usually, ifthere is enough runoff to require a
double inlet, the gutter capacity has been exceeded and additional inlets are
required uphill.

Existing curb inlets in a sump cannot be converted to grate inlets to make room
for aprivate drive entrance unless new curb inlets are installed at points of radius
on both sides of the drive entrance. The grates have atendency to get clogged up
and create traffic hazards during heavy storm events.
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9)

10)

Curb inlets in locations other than sumps may be converted to grate inlets by
permission as long as the grate inlet is installed in the gutter flow line and not
over the existing curb inlet box. The existing box is not located in the flow line.
In most cases the existing box will be removed and the new grate box will be built
over the existing pipe and in the gutter line.

Spill gutter is not allowed because of the sheeting and freezing problems that can
occur.
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cAPACITY oF CURB 'oPENING INLETS.
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CAPACITY OF GRATE WITH HOOD
AT THE LOW POINT Nf° GRADE
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YARD INLETS

The capacity of the masonry yard inlet can be determined by using the nomograph
for "Capacity of an Inlet at the Low Point in Grade", found on page 28. This nomograph
is based on experimental determinations of the relation of head to discharge through a
rectangular opening, operating submerged and unsubmerged.

This nomograph solves inlet capacity problems under the following conditions:

i) The inlet is located at a low point in the grade.

2)  All flow coming to the inlet must eventually enter the inlet and will pond
until sufficient head is built up so the outflow through the inlet will equal
the peak inflow from the drainage area.

Procedure:

Enter the nomograph with any two of the three values h, Q/L, H/h and read the

third.
Whereh = Total height of opening in feet.
L Total length of opening in feet.
H = Depth of Water a the entrarice in feet.
Q = Total peak rate of flow to the inlet in cfs.

Normally Q, L, and h will be known and the nomograph can be used to
determine the depth of water H at the inlet. Where more than one side of the inlet
will be open to receive water the nomograph can still be used by dividing the flow

(Q) by the number of openings or by multiplying the length (L) by the number of
openings.

The height of opening on yard inlets is normally set at two courses of
brick or 5-inches. For unusual conditions the height can be set by the designer to
fit the situation. However, safety is a major concern, especially, in residential
areas. Large openings can become a hazard to children and pets. In those cases
more than one inlet is advised.
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DETERMINATION OF PIPE SIZES

The following are two methods to be used for determining the required pipe size:

1) The Manning Formula is used to determine a pipe size within a system.

2) This method is for pipes in a culvert situation. Whenever there is a possibility of
water pounding at the mouth of a pipe or if it might have a submerged outlet, the
pipe should be checked for inlet or outlet control. See the section on Culvert
Design on page 33.

Sizing pipes within a system

The capacity of a pipe, which is a link in a drainage system, can be calculated
using the Manning Formula. Nomographs or hydraulic calculators may be used to
determine the required pipe size by using the calculated discharge, a roughness
coefficient of 0.013 (Manning's roughness coefficient for concrete pipe) and the design
slope.

The pipe system should be sized starting at the uppermost collection point and
proceeding down stream. Each run of pipe shall be sized to transport the runoff already
in the system plus the discharge intercepted at the inlet pipe or structure at the upstream
end of the run of pipe under consideration.

Where corrugated metal pipe is used, the method of sizing is basically the same as
for sizing concrete pipe. The only difference is in the roughness coefficient. The value
of the coefficient n is obtained as a weighted value from the values of 0.024 for uncoated
galvanized steel pipe in a Y2-inch deep corrugation and 0.012 for a completely and
smoothly asphalt lined pipe. For example, if 25 percent of the pipe's periphery is
smoothly lines (paved) with asphalt and the remainder is galvanized of Yz-inch depth
corrugation the nis computed thus:

(.25x.012) +(.75x.024) = o
1.00

21

Ina similar manner the value for n for a 1-inch deep corrugation may be computed using
0.027 for unpaved pipe and 0.012 for fully paved pipe.

The following table gives values for n obtained by such computations:

Composite Values of (n)

Type of pipe Yiinch deep corrugations 1-inch deep corrugations
Unpaved 0.024 0.027
25% paved 0.021 0.023
Fully Paved 0.012 0.012
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Nomographs in which the variables of slope, discharge, pipe diameter and velocity are
plotted with each nomograph having the value of pipe roughness as a constant are
included in this section, pages 35 - 38.

The following formula derived from the Manning Formula may be used to determine
round pipe size:

{8

D =Diameter ininches n =roughness coefficient
Q=Flowincfs S=Slopeinft. perft.

Culvert Design

Anytime there is the possibility of water ponding at the entrance of a pipe or if the outlet
is submerged, that pipe is in a culvert situation. There are two types of control that can
have an effect on the capacity of a culvert: inlet and outlet control. Both of these types of
control must be considered in the design of culverts.

N9mog_rnpli inc;I1J4ciQn_pag_es 39-_ 45which can be usedio determine-culvert
capacity. Select the appropriate chart according to type of structure for each condition of
inlet control or outlet control.

Inlet Control

Inlet control exists when the culvert is not flowing full and the entrance conditions of the
culvert control the amount of flow through the culvert. Headwater depth is the depth of
water on the upstream end of the culvert and is used on the nomograph to determine the
capacity of the culvert. The designer must limit the allowable headwater depth to
minimize the affect of backwater on the property upstream from the culvert. In any case
the maximum headwater ratio of 1.2 should not be exceeded.

Outlet Control

For outlet control to exist the culvert must be flowing full and the outlet must be

submerged. Nomographs on pages 35 -45 may be used to determine headwater depths
for culverts under outlet control.
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Three pieces of information about the culvert are required in order to use the nomographs:

1) The entrance loss coefficient Ke values may be found on the chart below.

2) The tailwater conditions or the tailwater depth may be determined by downstream
conditions or from known flood information. Ifthe tailwater depth cannot be determined

it may be assumed that the tailwater elevation is the crown of the pipe. The designer is

warned that this may be an oversimplification and extra effort should be taken to

determine the tailwater elevation.

3) The length of the culvert is required.

By following the examples on the nomographs the designer can determine the head (H)

created by the culvert. Once that is known, headwater can be determined as shown on the

nomographs.

COEFFICENT OF ENTRANCE L OSS Ke

Type of Structure and Design of

Pipe, Concrete

Projecting from fill
Headwall or headwall and wingwalls
Mitered to conform to fillslopes

Pipe or pipearch, corrugated metal
Projecting (no headwall)
Headwall or headwall and wingwalls
Mitered to conform to fillslopes
Reinforced concrete box culvert
Headwall

Wingwall at 30 degrees to 75 degrees to barrel
Wingwalls at 10 degrees to 25 degrees to barrel

Entrance Coefficient Ke

05
05
0.7

0.9
0.5
0.7

05
0.4
05

34



IN C.ES.

DISCHARGE

| CITY OFMEBANE _

STORM SEWER DESIGN MANUAL

1QGO
IQI 1

200

.. NOMOGJU.PH FOR
COMPUTIBG REOUJRED :SIzE OF

. CIRCULAR.CONCRETE PIPEALOWING FULL

(na 0.012)

1O

101
96

89 .

1 10003

4.
(1)10

1.&.154

5

g\é

8
F

.Q'224| / _'g |
b” I/ (-’l’
v o

. FLOW WITHIN'" A SYSTEM

Example:. . . Gven.dj_scharge Q-4.4 cfs frictio
..factor n-- 0.012 siape of 0.0039 peJ;" ft.

- Diamete 15inches and.velOci- Of3 5ft
econd, Eﬁé‘ollowmg daslied lines.

P www&f&&lnﬁﬁg

Find: .

1

R\ n=0.0I12
RIULILE % S ALE B

N

oNO

o=
=G

QL

LI RREPARAS LR R

1 : e
B ==h
=

A\V4
1

1"'-' _"r"'
:V g ‘: :

Mané&|,war Depent cogj or.



CITY OF MEBANE

. 1000
900
800

100

STORM SEWER DESIGN° MANUAL

NOMOGRAPH 'FOR

COMPUTING. REQUIRED SIZE OF CIRCULAR-
CORRUGATED: METAL PIPE. FLOWING. FuLL

. 120
101-.

9S .

78
72

(1)60
:C$t.

&)

.---Example:

Find: .

. {17-=0.02)

3

FLOW WITHINA SYSTEM

Givendiscliarge Q =10.0 Cfsfriction
factor n .;.0.021 slope 0(Q.009 per ft.-

Dlameer 24 inches and vefocity of 3.2t -
persecond by followWing .dashed linee

.Nomograph adopted from.Engineering Manual, War Department, Corps or
Enpneer,PartXm, Chapter1,Jupe 1"955. .

)

IN

VELOCITY



‘36



")

IN C.E S.

H%FMEBA“F SJ ORNMSEWER DESTOGN VMANIUIAT
N

599
00, .HOMOGRAPH: FOR..

100 COMPUTING REQUIRED SIZE OF-CiRCULAR
- CORRUGATED METAL PiPEs.FLOWING FULL .-

.(n *b.023}

' DISCHARGE

_FLOW WITHIN A SYSTEM -

EXaniple: Given discharge Q- 10.0.cfs friction
mctor.n0.023-slopeoro_.0125 perft...
Find: PePRSIEN by B VLSRR -1

. :Nomopph adoPtCd from Engincerani Manual, VW/U Department. corpsot
EDgin.Pait xrile Chapter 1,JWie 19S5 .



| Lirr UP' MEBANE STORM SEWER DESIGN MANUAL J

D R N Ykg
.. 004

.. SOLUTION..OF MANNING FORMULA 008 .

| L]
e
l\‘_

N
o
o
Q
o
w

o
-
o
S

11. -

| B L ll|l§|ﬂ| LY LLELY |
o
(@]

(o2}
o

noom

v
MILLION GALLONS PER.DAY,
wn
(@]

o
835

Tlllill‘lTl] ll' L

o
=

)
it l_l“llll"l T

1
00:

N,
[EEN
o

o
L3 oo el st a kit

gy
- o
i | ll

Q
AR
rrlll] l‘leTl‘]ll'llill"r'[lr’jlljrjj
w > O o
®

pryud te el 1 g

N

. 0.00005

e

b
H

e

—t
wn



NI

N

5
l"_llll"ll[%
30 o

TITH IR |

[+
Laualise |I|L1 bl




| CITY OF MEBANE.

STORM S

EWER DESIGN MANUAL

12

CULVERT DESIGN-INLET CONTROL.

HEADWATER DEPTH -FOR BOX CULVERTS.:: .

. WITH INLET CONTROL

—600 . h @ @3
' 500 . 8 —5 10
o : > b—8
° 400 WINGWALL - 7 =
=  FLARE-™ s ¢ [
° =00 o JOton  Ee 8T
= . » o eoen. e S A
——d <> ' ' . - —5
a 200y - oeclittnlroc, 4 s -
= of lidu) — 3
= e —
T = 3 F s E
' ) I - = 3
° [ - = C
- ﬁ — 0 T v R
w [ %9 _ - =
? o % o “Bes [ E
B = B —15 [
B""~ p“?\' - % F :-—‘l.5
= ~N —30 > ol
= - / ' jﬁ B
3 EE:} . =10
15 - eE N N
1—3 /u.s = . Q/8 s 18:CrS/FY. %-- : .
S2 L g :IO INLET HW/D  HW(Fet) S [—8° B 9 9
lgd' / - _5_3'. m ﬂ& . 15. = , .
' e 0. 31 I
- - apk 5 . 2.0a a1 E T & —a
T ) Qb—6 =
B S5 E 7. r
I/ — 4 ol
| | g_ ' .
o k. ===
L 5
=2
E 5
E  weshia 4
.8 - : l_--4 I__.4
— 5 —1T——
A — | I |—35
—5 TO.wl.ec:aIF:-'fQ)ar(l)drawa1‘ra|;ht-UM tliroUGh . kftown

- Yim1 fi%uldnd dlsellai-;t to Inlirtid ICGIi (1), Fram -

point en....ESEU iiroqtot llortzontallr to .10lutron "'t.i'tber

mte
BUREAU OF PUBLIC ROADS JAN.,1963

39.



OFCULVERT (D) IN |

0 25

| CITY OF MEBANE

STORM SEWER DESIGN MANUAL

36

33
30
27

21

12

|
\:
 DISCHARGE (o}m CFS

illllu_ullrn]- FRIL

T

CULVERT DESIGN.aiIET CONTROL .
ONGIMTE PIPE CTILVER'I'S . . ..

HEADWATER nmPT-H FOR.'
WITH INLE

o QO().
£28.000

— 6,000
— 5,000

ot [r— 4.w°

Il I.l]ﬁllITIIII !

unllml-lml )

D
o]
o
o

S - I.OOO

~}—=80 .

N
B e ]

|
bl

Touas 1iailcaJ

QJ ¢
.wluel ohfl1 ancl

ICIl (Z or (1),

raw o Ttral
largl to |

. HW/D

000

(1 -

-(2)
(CY)

en
@)
(13

-CONIROL-

ENTRANCE
!

.TMV. 1111 Wil
lIffdwali

HHYI

EXAMPLE

D- uindiu (3Iftttd -
Q- 1ZO CPS

if. W/-0-rt

Z.S

1.1
1.

*0 1intkl.

glit i ﬂlrav 1 IIr]:O

JintonRiir U. >proJ101 thIzontlIIrloaaIutlon on1]J.1111'.

HW-("Fetl}

(1]
74

7.7

.. 2) 3)
— G,
= —=6:
6. L s
‘ 5. 4 [,
a g g
= [ Fs
s F O F
.4_'.=__-__..==‘2.—_.,=.-2:
t. E F
_ S __z _ : | _
zE s [
_ -é____w —
= L.-j |
zF
Q
§ — Lo . 10
D
9 9
= 1
- d
- C la . 'a
. G T
h.? N
& 6
=s |1
5.
oJS 5

H!ADWAT!R.ICALISZ AND IREVISED .MAI'19H.

--BUREAU OF PUBUC ROADS JANIO63



1CITY OF MEBANE

STORM SEWER DESIGN MANUAL

151-1'97
1'h 87

121177
II:Ja,72

106168
98163

sixes
e 8§3.% 53

—
—Tex48

r 6814!

60138

ap OVAL PIPE: IN INCHES

' 153134

49132

N

45129

o AX21

8124

10119

- 23x14

CULVERT DESIGN-INLET CONTROL :
HEADWATER DEPTH.FOR .OVAL CONCRETE PIPE.CULVERTS
LONG AXIS HORIZONTAL WITH.INLET CONROL

o L oo

3000.

21000.

HW/D  ENFR4NCE
u; 14uarw ==
Miii btadwall
lIrilrNe Ind
witll hlodwall.
Q)
C2) o’

.. e

N

Lo

EXAMPLE
SIL14TH1, 41
Q+100CPs
HWI 0® - Hw(Fta
m u ' Li
[ | ]

td

ar @ @
— 40

. e
C 7
ffi| s j=s ==

Loy t—4 '—a

T11119 -toale (2)=(SIdmr a atralgllt B Il known
valull Of lizl and- dltchlr;1to Inttraut ICOle (U. From .

gont '%%9””(23@. proJact Il?rlza_ntOI!J to aaluilon oii tither

BUREAU OF:.PUBLIC'._ROADS .JAN.1963






| cITY OFMEBANE

STORM SEWER DESIGN MANUAL

CULVERT -nmsSIGN-INLET CONTROL

HEADWATER DEPTH FOR.OVAL CONCRETE PIPE cuVERTS

97x 1Sl

87x136

11x121
72x 113
- 68 xI06

63x98
— 58 29

_— 53:_85

/

“— 38x60

toLms™ g

| 3axs3
)

2kl - 32x49
IC
Z | 29x45

. 27142
=)
.24138

19x30

14i23

— 48x76

—43!6.8/.

LONG AXISVERTICAL WITH-INLET CONTROL .

Q%GOC,EII; s 2 (3

1Ifi
S -tilt ri jl-eGIhIaII —b
cll -
2,000 with
(sl
(=4
FoE. 53
. 000 _ _
900 =
- =3 -
o . _EEET
o o k- .
. p--400 ef.fn\*'""'/ ; :— e
: : ' ' . 15 L5
. - 300 . TE T
‘, _ / - pxampe 0 W18 -
~ 200 Size = 38" €0" [ I —
/ Qe 200¢FS w ™ T
HW/0' HW(Fa) =T .
o0 B : o = _
: L FE-00 M ze mo =1 10 |-LO
= =g @ 20 100 'ﬁ ——0 - -
N AN} § 2l s - —" =9 o
o Oob—s0 "huafe 4 J:La;__ .
‘J_ 80 . ===l B
© a0 W —e | L.
=3 : 7 7
x =30 a 7 '
g - lui==- == 1 |3l
- - I
o . : S.'e
8
6
‘5
4 .4 /N )
-3 11t M 11Ule (2)or (11 draw 1ra!Qtlt Une tiitouQla lllown
) nlvle 1f 111« Clild dI1ditiaril to [11tlulct aeall ﬁt) I'rol11
. pInI111M I (I)proJlatIIarb ontattr toaolut ononalther
2 ICCIHI (11 ar (1),
10 BUREAU OF PUBLIC ROADS '1 N.1$63



i CITY OF MEBANE STORM SEWER »ItJ6N MANUAL

CULVERT DESIGN-INLET CONTROL ,_

HEADWATER DEPTH FOR CORRUGATED METAL PJPE CULVERTS
WITH INLET CONTROL

r— 5,000 <0 .3
— 150 2+110H" - <0 © G
2 14" fl3e. - HW/D .ENTRANCE
TYPE 4
ol o Hlodllall - '
) " Mifend
12-101a-4 8 1o lope o _ram I: I-— ]
p—— PioJectlnl 3
: L o
=== 1,000 2 -:r'l—
g ff & 5 800 E— '.E E
—_ . -~ 2
M o B3 Calb |E
|_2 159 400 ! Ls . : !
- 7-d- 5. +o
'-d- 5.1 N =
: =L |
- = 200 P = )
. . e-114 7" - Ll PR §, e S
:c / — !
&) 7zue ff / en| Lo
= LO
m .
L& 615"140" : - " el -
%E' ||X361l QI . . | o ° & T .a.
- . : ) Ly -8 |}
. %1<C JEXAMPLE - Ei— : l__ F a
i -
5q'x:31" ) 'Siz 2® 7 -
§ ?? 10'/( - Sithoe's 7 I=
|
' ' m g HWAgat. ffi
i 200 1))
' iy t 5. 6 6 5
¢ o ] -01nril !
IQ ' 2" c 1-—-—1:
- 5 5 5
? 2s"11a"
= = -
2511116
22" x|
4 . 4
" 11 .35. 35
18"111 - s
tol1l1lkalt(2) ( drawdfr%fG,htllMthtouah.kn.
« vilu11of 11&1 and dl1ellarv1to Intirlict ICClle (1), I'tonl-
palL1t oa acoll () preiJlet 11orizan(al11fl.Mlutloa « Litbr SUREAW' OF PUBLIC ROADS JAN.,1963

mle fl) ar ().

eAoDI-r.i9NAL. 1im DIMENSIONED AR! uitm IN FAIR|,CATOR'i. CATA&.Oca .» .43



DISCHARGE (Q) IN CFS

| city OF MEBANE STORM SEWIER DESIGN MANUAL

CULVERT DESIGNOUTLET CON'i'ROL
HEAD"FOR.CONCRETE"BOX CULVERTS
FLOWING FULL-

-en - 0.012I,

N 1 Im =

F'5.°°0 1 v \ 1

== 4000 alie

= o il 1ol i

- IUIMERGED oun Ir CUWERT NIWU«L "N.L;

— "eHellO+Llo -

- ond -Fbt outlet crown not euiin. rvltl Cliliputt HW 'r 111ttllod! wlerlii..

= 2p00 DL e }

= 12x12

-_—1000 _""4
= —is
800 o = .
Eeop 0w —
- W egxgl— . 8 .
Son e - ™
400 Z - 24—50 E —
= X sef—goZ =
3008 8T zE.
N 7T I . Landl ==
T el ZE
_r_meg RN W = V. W .

= e . S g =
= u sE TES
= ZasasE & E
=100 g 3538 b Et ‘pf —
:'—80 E . 3-.!—--"-|o.b|'".' e " :
— = e . - . —
&0 Qosonb— . 0 ... - - AMRLE__.=..; o
—% =5 <nn'1M-—qedocH Ke210N. =
40 — /5, :.JD
C « =
=2 . : [
= Eo
——20. ~
sl ‘g -

10 h

N A

o

—3 UREAu- OF PUBLIC RQADS JANI963

-V m—



DISCHARGE (Q)IN CFS ~

FTTIT T [TT? -IN‘!;l_llll'.l-lllllll_ll-l'llllll;

| CITY OF MEBANE

-STORM SEWER DESIGN MANUAL

TP |,||l'lu|

80

Il
- 8.88..

8

3

8

§

0

R
388

g

g

\

(D) IN INCHES

=

Oow

-Ct1LVERT..DESIGN-ouTLET. coNTRoL-
HEADFORCONCRE'I'EPIPECULVERTS -

- FLOWING EULL " -

. -(n=0.012): -
-1l
| |
w 11i1i
5 “wm " - A\L 11101 «<m>
) - SUIM!IRGED OUTLET CUL\l'RT fl.owu. FULL
2 KW *HtllaeLlo ™ 4
= I'or. outlet orawn not ubmergtd ,oampute HW br 1MIhodl <l &
E 111- the Ifellalgn,-clin. 5
120 6
— 08 a
' —% !
: t.o
— g4
_n . N N
e 50 'Af.- l'i 2
: : v.\-"ﬂ L &
S e ™ Z
t. _/ 0‘10 LIIIO o 3
48T T peas ﬁ*ﬂ-" - TE Y
—42 SFE-a
L] & - L 5
13. . 6
:50 .. :
-8
27
10
2
21
18 20.:
1S

BUREAU. OF-PUBLC ROADS JAN.;1963

45



| CITY OF MEBANE STORM SEWER DESIGN MANUAL

Storm Drainage Design Requirements

The following is a list of requirements for storm drainage plans and for storm drainage
lines that will eventually be maintained by the City of Mebane. The requirements also
apply to private storm sewers and private drainage easements.

General Requirements

1)

2)

3)

4)

5)

6)
7)
8)

9)

Storm sewers will have capacity to convey a 10-year storm within the pipe. The

Q100 flows will be evaluated as required in the Flood Study section of this
manual. :

Culverts on major streams (Over 200 acres) will have capacity to convey a 100-
year storm. Q will be determined using methods in this manual.

Storm sewer systems on culverts under inlet or outlet control will be designed
accordingly to accommodate the maximum allowable headwater depth to fit
surrounding terrain. The headwater to depth ratio should be held as close as
possible to 1.2.

Storm sewer lines with size 15-inches through 66-inches will be reinforced
concrete Class 111 or Class 1V, or HDPE pipe (outside ofroad right-of-way) as
approved bythe NCDOT, Unlessotfierivise approved byilie-City.

Corrugated metal pipe, either aluminized steel or aluminum, above 66-inches
diameter may be used under the following conditions:

a) Materials, gauge, corrugation, fabrication, etc. must meet NCDOT design
criteria, specifications, and the City of Mebane policy on acceptable
corrugated metal pipe products.

b) Full bituminous coating to be used where ph dictates.

C) Aluminum arch pipe with concrete headwalls are also allowed when
addressing stream impacts.

Minimum size for storm sewer pipe in streets is 15-inches in diameter.

Minimum storm sewer pipe grade is 0.5 percent.

Maximum storm sewer pipe grade is 10.0 percent.

Minimum grade for tailditching is 1.0 percent.
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10)

11)

12)

13)

14)

15)

Manholes are required at changes in grade, changes in alignment, and at
intersection of sewers.

Recommended manhole drops:

a) Change in alignment 0° to 45°, 0.10 ft.

b) Change inalignment greater than 45°, 0.20 ft.

C) Change in pipe size, match top insides of pipes.

d) Reverse flow conditions in a storm sewer system created by atie inata
structure will not be allowed unless a manhole drop equal to the diameter
of the outgoing pipe is provided.

MINIMUM DESIRABLE CURB INLET DEPTH

15"  -Front 3.4 36" -Front 5.3
15" -Back or Side 1.9 36" -Back or Side 3.8
18" -Front 3.7 42" -Front 5.8
18" -Back or Side 2.1 42" -Back or Side 4.4'
24"  -Front 4.2' 48" -Front 6.4'
24"  -Back or Side 2.7 48" -Back or Side 5.0'
30" -Front 4.8 54 -Front 6.9'
30" -Backor Side 3.2 54" -Back or Side 5.5

MINIMUM MANHOLE DEPTHS:

15" 3.6'
18" 3.8
24" 4.0'
30" 4.3

Headwalls or flared end sections plus an appropriate energy dissipater will be
required at the release point of all pipe systems. Velocities existing energy
dissipaters to be less than 5 ft./sec.

Pipe in culvert situations or storm sewer lines that will probably not be extended
in the near future (see*) will have aheadwall or flared end section on the
upstream end.

A headwall or flared end section will not be required if the property upstream
from the pipe is:
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16)

17)

18)

19)

20)

21)

22)

23)

24)

a) Owned by the same property owner and the pipe will be extended -
in the near future (within one year).

b) A different section of the same subdivision and the pipe will be
extended in the near future (within one year) with development of
that section.

On all multi-family and commercial projects, approval is required prior to
building permit approval.

The lower end of a storm sewer line will end far enough from the property
line to allow the installation of an energy dissipater; except that it must be
tied into existing storm sewer piping if available within 500 feet of the
property.

Tail ditches from pipe ends to existing creeks will be armored beyond
outlet erosion control device to prevent channel scour.

The upper end of a storm sewer line will be stubbed to the property line.
However, if the upper property has a storm sewer line stubbed short of the
property line for erosion control purposes, the new line must be extended
acrossthe property line to -tie the syst-ems-together; No gaps will -beleft in
the system.

All pipe culverts and upper end of pipe systems will be sized to satisfy
inlet or outlet control constraints. See the section on Culvert Design.

Precast structures may be allowed subject to City approval.

Precast boxes for curb inlets will be ordered with the height 24-inches
lower than the finished grade. Once installed, a brick mason will be
required to raise the top of the box to the proper height using brick and
mortar to fitthe curb grade. This isto keep from having to break out the
front of the box to accommodate the curb and gutter.

Site drainage will not be allowed to flow out driveway entrance into
streets.

Outlets of City maintained storm sewer systems must be above the normal
pool elevation of detention ponds. Invert of drainage structures must be
above the standpipe elevation of the detention pond. This isto assure that
the pipe systems do not stand full of water for long periods of time and do
not back up into the roadway during heavy rainstorms.
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25)

26)

27)

28)

29)

30)

Private drain lines larger than 4-inches in diameter cannot tie directly into
the curb and gutter. The pipe must tie into ajunction box behind the curb.

Site drainage must be tied into any existing storm drain system.

There must be an 18-inch clearance between proposed utility lines and
existing storm sewer lines.

Permits from the City are required before tying into any City storm sewer
structure. The inspection is to insure a proper tie-in to reduce future
maintenance problems.

Reinforced concrete pipe is the only material allowed for driveway
culverts.

Extensive energy dissipaters must be used where new commercial site will
be draining onto existing residential property. The City reserves the right
to require on-site stormwater detention for release at pre-development
flows on a case by case basis. The impact on downstream development
and the impact on downstream piping systems will be taken into
constaefattcmrorstormwarerdeten:tion-to be required:In addttion, std'e
Storm Water Rules may require additional items not covered by this
manual.
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ADDITIONAL REQUIREMENTS FOR DRAINAGE PLANS
(Subdivisions and Oth-er Developments)

1) All water courses which carry a flow of 5 cubic feet per second (5 CFS) or more
during a 10-year storm, as calculated in accordance with this manual, and which
are not situated within a street right-of-way shall either be piped or have a
drainage easement dedicated.

2) Drainaged easements for piped drainageway:
a) 12" - 30" pipe - 15'
b) 36" - 60" pipe - 20'
c) 66" - 96" pipe - 30'

3) Drainage Easements for Unpiped Drainageways:
a) 5cfsto 16cfs - 30' centered on channel
b) 17 cfsto 70 cfs - 60' centered on channel
d) 70 cfs and up - 100’ + the width of the channel

Note: The drainageway easement width may be reduced from the above values to the
width of the 100-year flood fringe as documented by flood studies

4) Drainage and utility easements with storm and sanitary sewer lines.
StoEEJ.S_a/\% Slzes ' 1o . 1 '75
3B - & .. 10 10 '*]2-3' :
&6 - B X 2.5 I 11

g - 12 Storm
San. Sew. O Sewer

5) Any proposed storm sewer lines, which will be carrying street water, must be
submitted to the City for construction approval. The installation of the storm
sewer line must be inspected prior to acceptance of the line.
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6) The following must be included on Site Drainage Plans.

a) Location of inlets, manholes, pipelines, proposed pipe sizes.

b) Clearly defined lines delineating areas drained to each inlet.

C) Existing and proposed contour lines must be shown to 200-feet beyond the
property line.

d) Ditches swales, pipes, and drainage easements, which are adjacent to the
proposed project.

e) Drainage calculations on form similar to that shown on page 52, but

including Hydraulic Grade Line Elevations for the QIO and QIOO flows
and schematic profiles of pipe with hydraulic grade lines.

7) Flood Study

All new development that is 5 acres or more in size or that is adjacent to any
drainageway or storm drainage system or is traversed by a drainageway or storm
drainage system having 5 acres or more of contributing drainage area to the site
shall be required to provide a detailed flood study as a part of the construction
plans. The flood study shall be done using HEC-RAZ, Hydrostorm, or other
modeling program approved in advance. All estimates of flow for the QIOO storm
event shall be based on the drainage area being fully developed according to zoning
in place and using the runoff coefficients contained in this manual.

ForaH-unpiped drainageways, --eitb-er existing or new -the-Flood Study shaH
be done to a point of 2 acres of contributing area. All new channels designed as a
part of the project shall contain the QIOO flows within the channel with the
minimum finish floor elevation being at least 2 feet above the QIOO water surface
elevation (Base Flood Elevation) at the building corner. For piped systems, the QIO
stormwater flow shall be designed to be within the pipe and the QIOO stormwater
flow shall be designed to be no higher than the top of the curb (if in a street or
parking lot location). In these areas, the minimum finish floor elevations of all
structures shall be at least 1foot above the top of the curb at the building corner. 1If
the storm piping is in an easement, the QIOO water surface elevations shall be
contained within the structures and the minimum finish floor elevation shall be at
least 2 feet above the QIOO water surface elevations. The Flood Study with
supporting documents shall be contained in a document identified as such and shall
be sealed by an engineer or surveyor.

The final plat shall include the QIOO water surface elevations along

drainageway or channels with related floodway widths and drainage easement
width that contains the QIOO flows.
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