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STORMWATER MANAGEMENT MANUAL
CITY OF LANCASTER

PURPOSE

One effect of development is the mcrease in stormwater volumes generated from a site.
Stormwater and how it i1s managed affects all the property in the watershed. Upstream property
may suddenly find that the old drainage way is changed. Downstream property may be faced
with increased volumes of stormwater. It is up to the City, the developer, and the designer to
insure that stormwater continues to move to proper outlets with the least impact on the

watershed.

It is the City’s responsibility to manage stormwater through the review of enginecering designs
and maintenance of public systems. In order to do this the City must establish design standards
to provide adequate design for stormwater systems and to insure maintenance of the system.
This manual is to provide awareness to the designer of new development in the City of Lancaster
of acceptable local design standards. It is a supplement to standard design procedures. This
manual is meant to be a guideline for development in the City and as a supplement to the
Subdivision Regulations. The City understands that not all projects will conform to these
standards and may require unique solutions suited to the individual site. These situations should
be addressed early in the planning stages of the development. The latest edition of the City
Zoning Ordinances, Subdivision Regulations, Construction and Materials Specifications,
Standard Drawings and General Notes shall be followed.

References to SCS TR-55 are from the Soil Conservation Service Technical Release No. 55
“Urban Hydrology For Small Watersheds™ (Second Edition June 1986)

POLICY

It is the policy of the City of Lancaster that the discharge from a developed site during a 100 year
storm shall not shall not exceed the discharge during a 2 year storm for the undeveloped site or at
the capacity of the downstream outlet, whichever is smaller. In addition, all upstream discharges
to the site shall be accommodated on and through the site at the rate existing at the time of
development for all storms up to and including the 100 year storm.

HYDROLOGIC METHOD

The first step in designing the stormwater system is in determining the amount of stormwater
that must be dealt with. Many different methods are available to calculate stormwater flows.
These methods range from simple calculations to complex computer modeling. The following

methods are acceptable to the City of Lancaster.
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Rational Method

Designs for drainage systems, including offsite drainage, less than 200 acres shall be based on
the Rational Method. The Rational Method calculates flow as follows

Q=CiA
Where
Q=Peak rate of runoff (cfs)
C=Runoff Coefficient
1=Rainfall intensity for the time of concentration (in/hr)
A=Drainage area (acres)

Acceptable C values are:
Paved Areas 0.8-0.9

Single Family Residential ~ 0.4-0.7
Multi-family Residential 0.5-0.8

Commercial 0.8-0.9
Industrial 0.75
Open Spaces or Grass 0.4
Cultivated or Woods 0.4

Weighted C values based on the area in each classification shall be calculated and used.

Technical Release No. 55

For drainage areas, including offsite drainage, over 200 acres, the methods of SCS TR-55 shall
be used to determine the peak rate of runoff. For the purposes of SCS TR-55 the following
information shall be used where site-specific information is not available.

Rainfall shall be based on Type II storm

Soils shall be Group C
Minimum Time of Concentration shall be 10 minutes or as calculated below

Acceptable CN values shall be

Paved Areas 98
Single Family Residential ~ 77-90
Multi-family Residential 80-90

Commercial 94
Industrial 91
Open Spaces or Grass 79
Cultivated or Woods 77

Weighted CN values based on the area in each classification shall be calculated and used.
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Altermate Hvdrologic Methods

Alternate hydrologic methods, such as SWMM programs, may be used to determine peak flows
with the approval of the City Engineer. The design engineer shall submit all documentation
necessary for the review and approval of alternate methods.

RAINFALL
Design Storms

Stormwater management facilities will be designed based on a SCS Type II storm with a
duration of 24 hours and the following retumn periods:

Streets and Gutters-5 year storm
Storm Sewers
Under 48 inches-5 year with a 10 year hydraulic grade line
48 inches and over-5 year with a 10 year hydraulic grade line
Culverts
Driveway-25 year with 50 year headwater below the street elevation
Major Channel-25 year non-arterial and 50 year arterial streets with 100 year
headwater below the street elevation
Flood Hazard Area-100 year
Open Channels
Outside Flood Hazard Area-25 year flowing full
Flood Routing Path-100 year flowing full
Flood Hazard Area-100 year flowing full

The 24-hour storms for various frequencies, as defined by SCS TR-53, shall be as follows

1 year 2.3 inches

2 year 2.5 inches

5 year 3.3 inches
10 year 3.7 inches
25 year 4.3 inches
50 year 4.7 inches
100 year 4.9 inches

Flood Hazard Areas, Flood Boundaries and Floodways shall be determined based on the latest
Federal Emergency Management Agency (FEMA) Map for the City of Lancaster.
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TIME OF CONCENTRATION

Time of concentration is the time it takes water to accumulate and travel from the farthest
reaches of the tributary area to the drainage system. Time of concentration is made up of the
sum of the time of concentration of the three types of flow

Overland
Shallow Concentrated

Open Channel Flow

Overland Flow

Overland or sheet flow occurs as water begins to accumulate and flow toward the drainage
system over the plane surface of the ground. Overland flow is limited to a distance of 300 feet in
unpaved areas or 100 feet for paved surfaces. The time of concentration for overland flow can
be calculated from the Manning’s kinematic solution as found in SCS TR-55 as follows

T.=0.007(n L)’ */(Py)* s

Where
T=Time of Concentration (hr)
ny=Manning’s roughness coefficient for overland flow
L=Flow length (ft)
P,=2-year, 24 hour rainfall (in)=2.5 inches for Lancaster OH
S=and slope (ft/ft)

Note that the Manning roughness coefficient for overland flow is not the same as the Manning’s
coefticient for open channel flow. For the purpose of calculating overland flow, the following
Manning’s roughness coefficient should be used.

Surface ny
Smooth surfaces {paved or bare soil) 0.011
Fallow 0.05
Cultivated Sotls (<20% residue) 0.06
(>20% residue) 0.17
Grass ' 0.15-0.41
Range (natural) 0.13
Woods (light underbrush) 0.40
(dense underbrush) 0.80
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Shallow Concentrated Flow

After 300 feet, stormwater accumulates and becomes shallow concentrated flow. Time of
Concentration for this type of flow can be calculated using the following the velocity formulas

V=16.1345 8 *° (Unpaved Areas)
V=20.3282 S *° (Paved Areas)

Where
=average velocity (ft/s)
S=watercourse slope (ft/ft)

Once the velocity is known, the time of concentration is calculated as
T=LA60V)
Where
T=Time of Concentration (min})

L=Reach Length (ft}
V=Velocity (fi/s)

Open Channel Flow

Water that accumulates in channels, swales, gutters and storm sewers becomes open channel
flow. The time of concentration for this flow can be determined by using the Manning’s
Equation to determine the velocity as follows

V=1.486/nR ** § '

Where
V--average velocity (ft/s)
n=Manning’s roughness coefficient
R=hydraulic radius (ft)
S=channel slope (ft/ft)
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Once the velocity is known, the time of concentration is calculated as
T=LA60V)
Where
T.=Time of Concentration (min)
L=Reach Length (ft)
V=Velocity (ft/s)

Offsite Drainage

Off-site areas that currently drain to the site will be provided with a suitable drainage outlet and
provisions shall be made to extend the stormwater system to adjacent properties. Offsite
drainage from undeveloped land may, under existing conditions, have a high time of
concentration due to overland and shallow concentrated flow. As this property develops, flow
will become channelized through swales and storm sewers and the time of concentration will
decrease. For this reason, the time of concentration for offsite drainage shall be estimated using

a velocity of 3 feet/second as follows
Tc=10 + L/ 180

Where
T=Time of Concentration (min)
L=Reach Length from the farthest point of the offsite drainage to onsite storm system (ft)

The minimum time of concentration shall be 10 minutes.

No storage volume for off-site flow 1s required. Instead these flows will be routed through the
stormwater system at the predevelopment rate for all storms using the above time of
concentration. The developer may provide storage volume if necessary to reduce flows from the

on-site and off-site areas to meet capacity restrictions downstream.

Stormwater for property in the City of Lancaster that discharges into the system of another
jurisdiction shall be designed to meet the requirements of the City of Lancaster or the other

jurisdiction, whichever is more stringent.

Minimum Time of Concentration

The minimum time of concentration shall be 10 minutes.

Alternate Calculations

There may be cases where site conditions warrant more detailed evaluations of the time of
concentration. This may occur due to upstream drainage system or the presences of streams,
wetlands or other hydraulic conditions. In these cases the engineer shall submit to the City
Engineer time of concentration calculations and any background documentation for review and

approval.
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STREETS AND INLETS

In most developments the street system provides a path for the stormwater to reach the
stormwater system. Pavement, gutters and inlets must be designed with the movement of
stormwater in mind. In order to provide for the movement of stormwater and to minimize
tflooding, streets shall be designed in accordance with the following standards.

Street design

All streets shall be provided with standard curb and gutter except for streets in areas zoned Estate
Residential (ER). The minimum gutter slope shall be 0.4% and the Manning’s “n” value shall be
0.015. Curb underdrains shall be provided. All underdrains shall be connected to the stormwater

system.

Areas without curb and gutter shall have adequate drainage systems to remove stormwater and
prevent roadway flooding. Side ditches and swales shall be designed to meet the standards of
open channels and shall have a minimum bottom slope of 0.4%. Underdrains shall be provided
at the pavement shoulder. These underdrains shall be connected to the stormwater system or

daylighted to the side ditch if adequate depth is available.

Where approved by the City Engineer, “v” shaped pavement with a center storm drainage system
may used. Underdrains connected to the stormwater system will be provided along the
centerline where street grades are less than 1.0%. Catch basin spacing shall comply with the

requirements for inlet location and spacing.

Cul-de-sacs, eyebrows, and other special pavement sections shall be designed to provide
adequate drainage. Pavement slopes shall be increased to provide a minimum gutter slope of
0.4% in the longer gutter section. Islands shall be designed to slope to the outside gutter.

Inlet Location and Spacing

Curb Inlets shall be provided upstream of radius turns, at all pavement sag points, at the low
points of street intersections, at points of maximum pavement encroachment. Runoff will not be
allowed to enter the intersection, except for approved “v” pavement areas. The maximum curb
inlet spacing shall be 350-400 feet. A double inlet shall be used in sag points.

Consideration must be given to the location of proposed curb ramps. Curb iniets shall be located
upstream from the curb ramp. Curb inlets shall be located on the property line whenever

possible to avoid conflicts with driveways and other utilities.

Flood Routing

Streets shall provide the primary flood routing path for storms that exceed the design storm of
the drainage system. Streets shall be graded to provide a flood routing path capable of
conveying the residual of the 100 year storm to a suitable outlet, or if runoff control is required,

to the control facility.
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The major storm runoff is to be routed through the drainage system to determine if the combined
capacity of the routing path and storm sewer is sufficient to maintain surface flows within
permissible limits. The capacity of the conduit at any given point is assumed to be the same for
the major storm as for the initial design storm for preliminary design purposes. If the major
storm runoff exceeds the combined capacity of the street and storm sewer drainage systemn,
revision i the major drainage design is required.

Where the street 1s designed as the major drainage way, the depth of flow shall not exceed 18-
inches at centerline for local and collector streets and shall not exceed 6-inches depth at crown
for arterial streets. The same maximum depth criteria shall apply where a major drainage way

crosses the street.

Routing of the major storm at cuivert locations shall be at low areas of sags of vertical curves of
streets. Elevations for the design of the street shall be such to permit the major storm to flow
across the street and to prevent damage to any existing or proposed building structure. Routing
shall be continuous from one development to the next.

Where a major drainage way is located outside a street right-of-way, easements shall be provided
and a grading plan shall be submitted with detailed engineering plan submission. The grading
plan shall include elevations along the routing path and other elevations necessary to show that

the major storm is contained within the planned area.

Spread Calculations

The maximum pavement encroachment for stormwater shall be one-half lane width. Multi-lane
facilities may have one travel lane on each side of the roadway flooded. The allowable storm
capacity of each street gutter section may be calculated based on the modified Manning’s

formula as follows

Q=0.56/nS, ¢ §%5 T2

Where
Q=Flow (cfs)
N=Manning’s roughness coefficient=0.015
Sx=Cross slope of the pavement (ft/ft)
S=Longitudinal grade of street ({t/ft)
T=top width of water from vertical gutter face (ft)

When requested by the City Engineer, spread calculations shall be submitted.

Inlet Specifications

Inlets shall be designed to meet the standards of the City of Lancaster and/or the Ohio
Department of Transportation.
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Precast concrete modular units shall be in accordance with the applicable standard construction
drawing or as approved by the City Engineer. Precast bases shall be placed on a foundation as
noted on the standard drawings and CMSL, a minimum of 3-inches of compacted sand, or as
approved by the City Engincer. The compacted foundation shall be leveled to provide a uniform

support for the entire area of the base.

All joints between modules shall be in conformance with ASTM C443, 706.10 or 706.11.

Pipe entrances to the precast modular sections shall be in accordance with 706.15 or neatly
grouted in place.

All lift holes and other openings in the structure shall be thoroughly and neatly grouted with
cement mortar or other suitable material approved by the City Engineer, after all pipes are placed

into the structures.

Frames, grates and castings shall be in accordance with the applicable standard construction
drawing and CMLS or as approved by the City Engineer and shall be set in a mortar bed at the
locations and elevations specified. Curb inlet castings which have grate bars parallel to traffic
flow will not be accepted. All openings within pavement areas shall be bicycle safe.

STORM SEWERS
While streets provide the initial collection of stormwater, storm sewers convey the stormwater to
the outlet. Storm sewers shall be designed to adequately convey the design storm within the pipe

system and minimize the surface ponding of water at inlets.

Destgn Criteria

Storm sewers shall be designed to receive stormwater from the entire tributary area. The
minimum cover for storm sewers crossing streets with curb and gutter shall be nine-inches from
the subgrade, but shall be concrete encased where the cover is less than thirty inches. Storm
sewers outside the pavement but inside the right-of-way shall have 30-inches of cover. All other
storm sewers shall have a mimmum of two feet of cover. If this cover cannot be maintained,
concrete encasement will be required. Trench backfill shall be as per the requirements of the
City of Lancaster. The maximum cover shall be determined based on the supporting strength of
the conduit, as installed, divided by a suitable factor of safety, must equal or exceed the loads
imposed upon it by the weight of earth plus any superimposed loads.

The design procedure recommended for use in structural design of storm sewers is the Design
Manual Concrete Pipe available form American Concrete Pipe Association, wide trench

installation.

Page 13



The minimum storm sewer size 1s 12-inches for all mainline storm sewers and 12-inches for
storm laterals. All new storm sewers shall be constructed of concrete pipe. Storm sewers shall

be sized using the Manning’s equation:

V=1.486/n R ¥* § 1

Where
V=average velocity (ft/s)
n=Manning’s roughness coefficient=0.013

R=hydraulic radius (ft)
S=channel slope (ft/ft)

A Manning’s “n” of 0.013 shall be used.

The storm sewer shall be designed to insure self-cleaning. The minimum velocity shall be 3 fps.
The maximum velocity shall be 15 fps. The size of the sewer must be adequate for flowing full,

based on the design storm.

The main pipe, if over 24-inches, in a sewer system will be required to be separated from all
inlets unless a special design is submitted for approval. The flow line of pipes should be set such
that the crown of the pipes, at junctions, are at the same elevation; if the outlet elevation permits,
the crown of the outlet pipe may be lower. The flow line elevations of sewers should be set to

avoid using concrete encasement.

A minimum separation of 18 inches shall be maintained between the storm sewer and all water
and sanitary sewer lines. A 12-inch separation shall be maintained between the storm sewer and
all other buried utilities. It is the responsibility of the designer to locate all buried utilities to the

best of their ability.

The design storm for storm sewers is 5 years for sewers under 48 inches and 5 years for sewers
48 inches and over. The hydraulic gradient shall be such that the 10-year storm does not exceed
the window or grate elevation. The hydraulic grade line shall be based on the downstream
tailwater or 0.8D at the outlet or any other critical points within the system or upon the projected
elevation of the applicable storm at the outlet stream. Hydraulic grade calculations shall be

submitted to the City Engineer if requested.

Pipe Standards

All storm sewers shall be constructed of concrete pipe meeting the requirements of CMSL 901.
Alternate materials may be approved by the City Engineer under special design conditions.

Manholes and Catch Basins

Manholes and catch basins shall be designed to meet the standards of the City of Lancaster
and/or the Ohio Department of Transportation.
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Precast concrete modular units shall be in accordance with the applicable standard drawing or as
approved by the City Engineer. Precast bases shall be placed on a foundation as noted on the
standard drawings, a minimum of 3-inches of compacted sand, or as approved by the City
Engineer. The compacted foundation shall be leveled to provide a uniform support for the entire

area of the base.

All joints between modules shall be in conformance with ASTM C443, 706.10 or 706.11 per the
CMLS.

Pipe entrances to the precast modular sections shall be in accordance with 706.15 or neatly
grouted in place per the CMLS.

All Iift holes and other openings in the structure shall be thoroughly and neatly grouted with
cement mortar or other suitable material approved by the City Engineer, after all pipes are placed

into the structures.

Frames, grates and castings shall be in accordance with the applicable standard drawing or as
approved by the City Engineer and shall be set in a mortar bed at the locations and elevations

specified per the CMLS.

Manholes shall be located at points in the storm sewer where the following occur

Junctions of Pipes

Change in Direction

Change in Slope

Change in Pipe Size

Change in Pipe Material

End of Pipe Run

Maximum Spacing of 300 feet

Where drainage is needed, the manhole will be equipped with a grate top or a catch basin will be
substituted. Catch basins and manholes located in paved areas where there are no curb
underdrains shall be provided with a minimum of 10 feet of underdrain upstream of the storm

sewer to remove subsurface drainage.

Catch basins will be located outside of the pavement at points where drainage is collected.
Where “v” pavement is approved, catch basins may be used in lieu of manholes. Catch basins
located tn paved areas or in the right-of-way will be equipped with a heavy-duty grate and frame

suitable for the application.

Yard Drains

Yard drains meeting the standards of the City of Lancaster may be used at locations approved by
the City Engineer.
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