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1. Introduction

The City of Detroit, led by the Detroit Water and Sewerage Department (DWSD), is taking a more holistic
approach to citywide stormwater management. This approach emphasizes the need for consistent,
comprehensive stormwater performance standards for both public and private development, while also
promoting the use of green stormwater infrastructure (GSI) in Detroit, when technically possible, as the
preferred type of stormwater control measures (SCMs). The City of Detroit’s Post-Construction
Stormwater Management Ordinance (PCSWMO) serves as an important regulatory driver for this
improved approach to stormwater management, defining the stormwater performance standards for
Detroit. In addition to the PCSWMO, the City of Detroit has updated the Detroit Municipal Code to
remove potential barriers to GSI implementation. DWSD provides customers with opportunities to lower
drainage bills by implementing and maintaining eligible GSI practices. These regulatory changes and
incentives collectively help ensure that existing development, along with new development and
redevelopment projects, create a sustainable city that supports economic growth while protecting
Detroiters’ public health, water quality, and overall quality of life.

The City of Detroit’s Stormwater Management Design Manual (Design Manual) encompasses the
engineering methods and technical standards that Detroit’s development community and property
owners need to plan and build projects that comply with requirements under Detroit’'s PCSWMO, while
ensuring the City meets its state and federal regulatory obligations related to stormwater management.

This chapter provides more information on the intended purpose and audience of this Design Manual,
an overview of the benefits of GSI that make this approach the City of Detroit’s preferred method for
stormwater management whenever possible, and a brief overview of the other chapters included in this
Design Manual.
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1.1 Purpose of This Design Manual

In natural, undeveloped landscapes, the hydrologic processes of infiltration of surface
water into the ground (both near surface and deep percolation), evaporation, and
transpiration work to recycle rainwater through plants and soil, minimizing the transfer
of pollutants to surface and ground waters, as shown in Figure 1-1. As land development
and urbanization occur, natural or vegetated areas are replaced with streets, parking
lots, buildings, and compacted soils. Such impervious surfaces modify the natural
hydrology, decrease the permeability of the landscape, and dramatically affect the
natural hydrologic cycle.

Figure 1-1 Impacts of urbanization on the hydrologic cycle
Source: Philadelphia Water Stormwater Management Guidance Manual

The City of Detroit’s sewer system, comprised primarily of
combined sanitary and storm sewer lines and a small percentage of
separate storm sewer lines, provides drainage of publicly-owned
properties, rights-of-way, and private property within the city limits
of Detroit. The stormwater draining from these areas should not
exceed the system’s capacity and be free of excessive pollutants
and sediments.

Combined Sewer Area

A sewer receiving both surface
runoff and sewage.

Separate Sewer Area

Historical development activities in Detroit have not been subject
to stormwater management requirements. This lack of a consistent,
proactive approach to managing the stormwater runoff from
impervious surfaces to Detroit’s sewer system has contributed to
overflows of untreated sewage entering the Detroit and Rouge
Rivers, as well as localized flooding and basement back-ups, causing
public safety risks and property damage.

A sewer which carries storm and
surface waters and drainage,
but excludes wastewater and
industrial waters, other than
unpolluted cooling water.
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Federal and state regulations and related permits require Detroit to develop programs
to address water quality problems caused by discharges from both the combined sewer
and separate storm sewer systems. To control both the volume and quality of
stormwater discharges, Detroit’s PCSWMO requires certain development projects to
control the stormwater leaving the property before draining to Detroit’s sewer system.

The purpose of this Design Manual is to help Detroit’s development community
understand how to comply with the PCSWMO requirements and describes the design
specifications for controls to meet the required performance standards established to
reduce the volume and improve the water quality of stormwater discharges. In addition,
the Design Manual is a technical resource for Detroit property owners that choose to
implement green stormwater infrastructure practices, stormwater control measures
that are eligible for Detroit Water and Sewerage Department (DWSD) drainage charge
credits.

The Design Manual provides proven engineering methods for stormwater control
measures. It is assumed that the primary users of the Design Manual work within the
development community and possess a basic knowledge of hydraulics, hydrology,
design, and stormwater management. The Design Manual provides sufficient
information and technical resources to:

1) Provide developers and property owners with stormwater management site design
guidance to meet Detroit’s PCSWMO requirements;

2) Ensure the City of Detroit maintains uniformity in the design standards for SCMs,
including GSI practices eligible for drainage credits; and

3) Enable DWSD and other key city departments to conduct effective and efficient
design review.

1.2 Considering the Benefits of Green Stormwater
Infrastructure While Using This Design
Manual

This Design Manual provides developers and engineers with technical information on a
variety of SCMs to help comply with the PCSWMO requirements. Although developers
and property owners can choose the SCMs that work best for their specific development
projects, the City of Detroit encourages developers to consider GSI practices due to the
many benefits these types of SCMs can bring to a project, a neighborhood, and Detroit.

As defined in Detroit, GSI practices are SCMs that divert runoff of rain and snowmelt
from the sewer system while providing environmental, social, and economic benefits.
GSlI practices helps control the rate, volume and quality of drainage from impervious
surfaces, such as streets, rooftops, and parking lots. These practices also help to
maintain and restore natural hydrology by infiltrating, evapotranspiring, capturing, or
using stormwater. GSI practices replicate the natural systems that occur at a variety of
scales, from single lot to neighborhood to watershed. Common GSI practices at a single
lot scale can include rain gardens, bioswales, permeable pavement, infiltration systems
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and water reuse systems. Larger scale GSI practices can include such
amenities as ponds and wetlands.

The City of Detroit will work with the community to maximize
appropriate uses of GSI on public and private property. GSI will
reduce surface flooding, basement backups, and untreated
combined sewer overflow discharges into the Detroit and Rouge
Rivers. It will also enhance quality of life, promote public health,
increase resiliency, and protect the Great Lakes watershed.

GSI practices help reduce the impact of urbanization on the
environment while generating water quality benefits, air quality
benefits, social benefits, economic benefits, and aesthetic benefits.
GSI practices reduce stormwater discharges to the DWSD sewer
system, which results in fewer overflows of untreated sewage
entering the Detroit and Rouge Rivers, helping to keep local
waterways and the Great Lakes clean for recreation and drinking
water. GSI practices also help to create improved habitat for local
wildlife, including the City’s important migratory birds, and improve
urban biodiversity. GSI can bring numerous other benefits to a
community, including traffic calming, crime reduction, urban heat
reduction, and increased health and well-being, as well as civic
pride. These practices can also help to alleviate basement back-ups
and localized flooding, reducing property damage and public safety
risks.

Widespread installation of GSI practices throughout Detroit can also
have a positive economic impact by reducing the City’s need to
further invest in expensive wet weather treatment facilities. At the
parcel scale, several GSI practices, as well as removal of impervious
cover, are options for reducing drainage bills through DWSD’s
Drainage Program.

Table 1-1 summarizes the primary benefits of different common GSI

Stormwater Control Measure
(SCMm)

Any structure, feature or
appurtenance that is designed,
constructed, operated,
practiced, or adopted to reduce
the quantity, lower the rate,
improve the quality, or
otherwise control stormwater
runoff through retention,
detention, infiltration, reuse, or
other stormwater management
techniques.

Green Stormwater
Infrastructure (GSI)

SCMs that divert runoff of rain
and snowmelt from the sewer
system while providing
environmental, social, and
economic benefits. GSI practices
helps control the rate, volume
and quality of drainage from
impervious surfaces and help to
maintain and restore natural
hydrology by infiltrating,
evapotranspiring, capturing, or
using stormwater.

practices covered in the Design Manual. Additional information can be found in the
Benefits of Green Stormwater Infrastructure on DWSD’s Stormwater website.

CHAPTER 1 — Introduction
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Table 1-1 Primary Benefits of Common GSI Practices

Water
Quantity and  Habitat and

Quality Wildlife Community Educational Economic
GSI Practice Benefits Benefits Benefits Benefits Benefits
Bioretention
and Rain
Gardens
Cisterns

Green Roofs

Permeable
Pavements

Trees and
Green Space

Remove
Impervious
Cover

1.3 Chapter Overview of This Design Manual

The descriptions below provide an overview of each chapter in this Design Manual.

Chapter 2 — Regulatory Requirements

This chapter describes the regulatory requirements and other programmatic drivers for
stormwater management in Detroit, with emphasis on the PSCMO requirements related
to water quality, channel protection, and flood control.

Chapter 3 — Site Design and Stormwater Management

This chapter presents guidelines and considerations for designing site development
projects including site assessment, site and landscape design principles, and preliminary
concept development. The chapter also illustrates how to integrate stormwater
management components into site designs for a variety of building sites, open spaces,
and building types.

Chapter 4 — Hydrologic Procedures

This chapter provides precipitation data, as well as acceptable methods for calculating
runoff volumes and peak discharge rates.

Chapter 5 — Drainage Conveyance

This chapter provides standards and requirements for the design of storm sewer
systems to ensure consistency with the current requirements for the City’s public
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Figure 1-2 Soil infiltration test

Figure 1-3 Retention basin with
outlet riser

Figure 1-4 Bioretention between
road and sidewalk

roadways and ensure the safe and effective flow of
stormwater through conveyance systems that are
part of the site design.

Chapter 6 — Soil, Aggregates and Water

This chapter contains general information on the
physical properties of soil and aggregates, with a
focus on how water moves through these materials
and the need for geotechnical information to
support the design and construction of stormwater
control measures, particularly GSI practices intended
to promote infiltration.

Chapter 7 — Large Detention Practices

This chapter discusses the different types of surface
and subsurface detention practices, including basic
detention basins, extended dry detention, and
extended wet detention, and summarizes technical
information necessary to design, construct, and
maintain these stormwater control measures.

Chapter 8 — Bioretention

This chapter introduces bioretention practices,
including bioswales and tree box filters, and
summarizes the technical information for design,
construction, and maintenance. Bioretention is a
very flexible practice that can be used in a variety of
settings and is the most common GSI practice.

Chapter 9 — Infiltration Basins and Trenches

This chapter covers the technical information for
designing, constructing, and maintaining infiltration
basins and trenches. Infiltration basins and trenches
are designed to encourage percolation and ground
water recharge of stormwater runoff. Infiltration
basins are typically larger shallow surface
impoundments used to manage stormwater runoff
from areas between 5-50 acres while infiltration
trenches are narrow, linear practices that are used
to manage stormwater runoff from area less than 5
acres, like along a roadway or parking lot.

CHAPTER 1 — Introduction
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Chapter 10 — Permeable Pavement

This chapter summarizes the information for

designing, constructing, and maintaining several

types of permeable pavement, including porous

asphalt, pervious concrete, pervious pavers, and

grid pavement systems. Permeable pavement

allows streets, parking lots, sidewalks and other

impervious covers to retain the infiltration

capacity of underlying soils while maintaining the

structural and functional integrity of traditional Figure 1-5 Permeable concrete
pavements. pavers

Chapter 11 — Water Harvesting

This chapter summarizes the information for
designing, constructing, and maintaining water
harvesting practices such as cisterns. Water
harvesting is a practice that captures stormwater
runoff often from rooftops for later use as
irrigation or alternative grey water uses between
storms, providing a potential water bill savings.
Cisterns are larger systems (up to 10,000 gallons
or even larger) that are more often used on
commercial or industrial sites and can be placed
aboveground or below ground.

Figure 1-6 Detroit Farm and
Garden cistern

Chapter 12 — Green Roofs and Walls

This chapter summarizes the information for
designing, constructing, and maintaining green
roofs and walls that capture rainfall in a layer of
vegetation and growing media, with excess
rainwater directed to roof drains and downspouts.

Chapter 13 — Stormwater Wetlands

This chapter summarizes the information for Figure 1-7 Green roof

designing, constructing, and maintaining

stormwater wetlands, shallow-water ecosystems designed to treat stormwater runoff in
low-lying areas or along river corridors where water tables are high.

Chapter 14 — Manufactured Treatment Systems

This chapter describes the DWSD review and approval process for proprietary
manufactured treatment systems. Manufactured treatment relies on a variety of
mechanisms to remove pollutants such as sediment, trash, and floatable debris, from
stormwater runoff. Two common types of manufactured treatment devices include
hydrodynamic separators which use chambers to trap sediment and filtering systems
which use a settling chamber then filter to remove specific pollutants.
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Chapter 15 — Trees for Stormwater Management

This chapter discusses the use of trees as part of green stormwater infrastructure
practices. Trees can be used to improve infiltration and retention capacity to reduce the
amount of stormwater runoff from a site. In addition to stormwater benefits, trees have
been researched to provide significant social, environmental, economic, and health
benefits in urban areas.

1.4 Additional References

Although this Design Manual is the only technical resource crafted specifically for
Detroit’s PCSWMO compliance, there are other stormwater management resources
with a statewide perspective that may interest the development community and
property owners in Detroit interested in effective
stormwater management.

Southeast Michigan Council of Governments
(SEMCOG) Low Impact Development Manual (LID)
for Michigan: A Design Guide for Implementers
and Reviewer (2008). This manual provides
guidance on how to apply low impact development
(LID) to new, existing, and redevelopment sites. It
contains technical details of stormwater controls
but also provides a large scope of managing
stormwater through policy decisions. The
information contained within the manual is
informational only and should not be construed as
requirements for Detroit’s PCSWMO. An electronic
copy of the Michigan LID Manual can be found on
the SEMCOG website, www.semcog.orq.

MDEQ Michigan Nonpoint Source Best
Management Practices (BMP) Manual. This
manual provides BMP design guidance to address
minimizing the amount of stormwater
management and/or treatment required as well as
stormwater infiltration practices and natural
channel design. An electronic copy of the DEQ
Guidebook of BMPs can be found on the MDEQ
website, http://www.michigan.qov/deq/0,4561,7-
135-3313 71618 3682 3714-118554--,00.html
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Implementing Stormwater Infiltration Practices at
Vacant Parcels and Browfield Sites (2013). This
U.S. Environmental Protection Agency (EPA)
document presents information to assist
communities and developers to determine the
appropriateness of implementing stormwater
management practices that promote infiltration at
vacant parcels and brownfield sites where
contaminants may mobilize and increase the
potential for groundwater contamination. This
manual helps in the decisionmaking and planning
process for stormwater management that
promotes infiltration while limiting contaminant
mobilization. An electronic copy of this guide can
be found on the EPA website at
https://www.epa.gov/sites/production/files/2015-
10/documents/brownfield infiltration decision tool.pdf.
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2. Regulatory Requirements

The City of Detroit’s Post-Construction Stormwater Management Ordinance (PCSWMO), administered
by the Detroit Water and Sewerage Department (DWSD), is designed to prevent combined sewer
overflows (CSOs), decrease the discharge of polluted runoff into area waterways, prevent localized
flooding, and increase the infiltration of runoff into groundwater systems to emulate more natural
conditions. This chapter provides guidance for complying with the City’s PCSWMO, as well as other
stormwater management requirements from non-City regulating authorities.
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2.1 Detroit Post-Construction Stormwater

Management Ordinance

The City of Detroit is committed to responsibly managing
stormwater runoff in a way that protects existing infrastructure,
the environment, and both public and private property. DWSD
manages a variety of stormwater management programs to aid in
the reduction of stormwater entering Detroit’s combined and
separate storm sewer systems. These programs include the
DWSD Drainage Charge Program for public and private property,
the DWSD Green Stormwater Infrastructure Program for public
property, and Detroit’'s PCSWMO, which is included in Chapter 56
Article 4 of the Detroit Municipal Code (the Code). DWSD is
responsible for administering this ordinance as a part of the City’s
overall approach to stormwater management. More information
on these DWSD stormwater management programs is available at
http://www.detroitmi.gov/stormwater.

2.1.1 PCSWMO Applicability

Any development site with regulated construction activity that
involves the replacement or creation of one-half acre (21,780
square feet) or more of impervious surface is subject to the
PCSWMO. DWSD may also require that any construction activity
meeting certain conditions (as specified in the Code) must also
comply with these requirements. Additional details regarding the
applicability threshold can be found in Section 56-3-101 of the
Code.

Exemptions

There are limited exemptions from the PCSWMO (see Detroit
Municipal Code Section 56-3-102):

e The improvement or construction of an individual Single
Family Detached Dwelling as defined in the City Zoning
Ordinance.

e Emergency maintenance work performed for the
protection of public health and safety.

e A regulated construction activity that discharges
stormwater directly to the Detroit River or Rouge River
via a conveyance not owned by the City. Surface
discharges to City roads are not allowed.

Figure 2-1 illustrates how to determine whether a development
site needs to comply with PCSWMO requirements.

CHAPTER 2 — Regulatory Requirements

Construction Activity

A human-made activity, including
without limitation clearing,
grading, excavating, construction
and paving, that results in a
change in the existing cover or
topography of land, including any
external demolition, modification
or alteration of a site or the
footprint of a building. Does not
include re-surfacing of an
asphalt, concrete or similar
parking lot that does not expose
the subgrade.

Regulated Construction
Activity

Construction Activity that is
subject to the provisions of the
regulations. A Regulated
Construction Activity may occupy
all or part of a Development Site.

Impervious Surface

Any surface area that prevents or
substantially impedes the entry
of water into the soil in a manner
that such water entered the soil
under natural conditions pre-
existent to development, or
which cause water to run off the
surface in greater quantities or at
an increased rate of flow than
that present under natural
conditions pre-existent of
development, including but not
limited to roofs, parking lots,
compacted gravel and dirt,
driveways, sidewalks and storage
areas. (Detroit Municipal Code
Section 56-3-2)
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Will development create or replace % acre

PCSWMO d t ly.
(21,780 square feet) of impervious surface? oes not apply

Is the development defined as any of the

following?

e Single family detached residential

e Emergency maintenance/access only

e Regulated construction activity that
discharges directly to the Detroit River or
Rouge River through a non-City
conveyance

PCSWMO requirements
apply.

Proceed to determining
applicable stormwater
management
performance standards
required by PCSWMO.

PCSWMO does not apply.

Figure 2-1 Determining PCSWMO Applicability

2.1.2 Stormwater Management Performance Standards and
Applicability

The PCSWMO requires the use of Stormwater Control Measures (SCMs) to manage
stormwater on a development site and stipulates specific performance standards that
the SCMs must meet to be compliant. The performance standards contained in the
PCSWMO have four main objectives:

e Protect water quality by removing pollutants in stormwater or preventing
combined sewer overflows

e Protect the channels of receiving streams

e Protect the integrity of DWSD’s infrastructure

e Reduce the potential for localized flooding

This is accomplished by requiring SCMs that retain, detain and treat the runoff which
falls onto a development site prior to it discharging off the property. The standards
specify the volume that shall be retained permanently on-site (e.g. infiltrated into the
ground) and treated, the volume that must be detained temporarily, and the rate at
which that detained water can eventually be conveyed to DWSD’s sewer system.
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The applicable stormwater management performance standards for a project depend
upon the discharge location. Table 2-1 summarizes the performance standards by
discharge location. A project subject to PCSWMO requirements may discharge to the
combined sewer system or the separate sewer system owned and operated by DWSD.
The vast majority of Detroit is served by the combined sewer area. Only some of the
fringe areas immediately adjacent to the Rouge River, the Detroit River, and the canals
may be served by a separate sewer system. However, there are some limited areas
where DWSD is separating the combined sewer area. To verify if a project location
discharges to a combined sewer system or to a separate storm sewer system, contact
DWSD.

Meeting the performance standards is dependent on managing stormwater from the
regulated area of a development site. The regulated area is the portion of a
development site which is used to calculate the stormwater which need to be managed
to meet the performance standards. This area varies based on the location of the
development site as well as the amount of construction activity disturbance. The
associated regulated area for each stormwater performance standard is defined in Table
2-1 and the standard-specific discussions below. The methodologies for using regulated
area to calculate a project’s stormwater management volume and flow requirements
for a project are discussed in Chapter 4.

Regulated Area

The portion of a Development Site used as the basis to determine
compliance with the performance standards set forth in the PCSWMO.

CHAPTER 2 — Regulatory Requirements
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Table 2-1 Stormwater management performance standards and regulated area by

discharge location

Discharge Water Quality Infrastructure/ Channel
To Protection

Combined = Match natural conditions The peak flow rate of
Sewer for peak flow and volume stormwater runoff shall not
System for the 90™ percentile exceed the
(97% of storm event (1-inch storm). | predevelopment peak flow
the Detroit rate for the 2-year, 24-hour
System) Remove a minimum of 80% | storm.

of the total suspended

solids compared to the Regulated Area: Entire

uncontrolled runoff ortoa | development site

discharge concentration <

80 mg/L of total suspended

solids.

Regulated Area:

Construction activity < 50

percent of development

site = construction activity

area

Construction activity > 50

percent of development

site = entire development

site
Separate | Remove a minimum of 80% | *Peak flow and volume
Sewer of the total suspended
System solids compared to the Match natural conditions

uncontrolled runoffortoa | for peak flow and volume

discharge concentration< | for the 2-year, 24-hour

80 mg/L of total suspended | storm event

solids.

Regulated Area: Regulated
Regulated Area: Regulated | construction activity
construction activity

Flood Control

*Peak flow only

Drainage Area < 5 acres,
manage 10-year, 24-
hour storm

Drainage Area > 5 acres,
manage 100-year, 24-
hour storm

Release rate of 0.15
cfs/acre

Regulated Area: Entire
development site

June 2019
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Local Flood Control Standards

All projects that are regulated by the PCSWMO must

account for local flood control. The local drainage Drainage Area

system has limited capacity and may be overwhelmed

by large storm events. Therefore, to minimize local The land area from which
flooding, development projects must detain stormwater runoff drains to a
stormwater runoff during large runoff events and common point, including any
discharge the runoff off-site at a slower rate. Peak flow  3rea lying beyond the

rates from large storm events shall be temporarily boundaries of a Development

detained as a part of site development and released at Site.

a controlled rate. Table 2-2 summarizes the

performance standards that apply for local flood

control citywide, depending on the size of the drainage area. The entire development
site is the regulated area for flood control performance standards.

Table 2-2 Local Flood Control Performance Standards

Design Event Criteria Applies

10-year, 24-hour Peak flow <= 0.15 cfs/acre Drainage area <5 acres

100-year, 24-hour Peak flow <= 0.15 cfs/acre Drainage areas >=5 acres

Combined Sewer Area Performance Standards
Water Quality

Water quality performance standards help protect the combined sewer infrastructure
from sediment accumulation and reduces stormwater treatment needs at the
wastewater treatment plant and wet weather facilities. The water quality performance
standards require the removal of sediment from stormwater runoff in two ways — either
through treatment of the runoff prior to discharge or through the retention of
stormwater on-site. Often, meeting the retention standard on a project site will also
meet the treatment standard as well. If not, however, additional treatment of the
stormwater prior to discharge to sewer system may be necessary.

The regulated area for the water quality performance standard for projects that
discharge to the combined sewer system is determined based on the percentage of the
development site disturbed by construction activities, as shown in Figure 2-2. If
construction activities will cover less than 50 percent of the development site, then the
regulated area is equal to the area of construction activity. However, if construction
activities will cover 50 percent or more of the development site, then the regulated area
is the entire development site as shown in the right box of Figure 2-2.

CHAPTER 2 — Regulatory Requirements
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Figure 2-2 Regulated area for water quality performance standard in combined sewer
area

Water Quality Volume Sobr

The volume of stormwater In combined sewer areas regulated construction activities must treat
runoff generated by the the 90-percent annual non-exceedance storm. This water quality

90th percentile storm over volume must be treated to (1) remove 80 percent of the total

the Regulated Area of a suspended solids (TSS) projected to be in uncontrolled runoff from the
Development Site. site in the post-construction condition or (2) have an effluent

concentration of less than or equal to 80 mg/L TSS.
Predevelopment
The last land use prior to the ~ Retention
planned new development

or redevelopment All regulated construction activities within the combined sewer area

must ensure that the runoff volume and peak flow rate of stormwater
Natural Condition runoff leaving the regulated area of the site post-construction do not
exceed the runoff volume and peak flow rate for the water quality

The condition of land that is .
volume under natural conditions.

predominantly covered in
vegetation that is

! i Infrastructure Protection
sustainable without regular

human maintenance, such In addition to the citywide flood control standards, the City has

as irrigation, mowing, or established more focused infrastructure protection standards which
fertilization. Examples of limit peak flows to prevent combined sewer overflows and flooding.
natural cover include forest, The peak flow rate of stormwater runoff shall not exceed the
woodland, meadow, predevelopment peak flow rate for the 2-year, 24-hour storm. The
grassland, or shrubland. entire development site is the regulated area for complying with the

combined sewer area infrastructure protection standards.
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Separate Storm Sewer Area Performance Standards
Water Quality

Separate storm sewers discharge into receiving waters — streams, rivers, wetlands —
without treatment before discharge. To protect the water quality in these waterbodies,
all regulated construction activities which discharge to the separate storm sewer must
provide water quality treatment and control peak flow rates to provide channel
protection. The regulated construction activity is the regulated area for purposes of
complying with the water quality performance standard for separate sewer areas.

In separate storm sewer areas regulated construction activities must treat the 90th
percentile annual non-exceedance storm. This water quality volume must be treated to
(1) remove 80 percent of the total suspended solids (TSS) projected to be in
uncontrolled runoff from the site in the post-construction condition or (2) have an
effluent concentration of less than or equal to 80 mg/L TSS.

Channel Protection

For channel protection of local streams, the runoff volume and peak flow rate of
stormwater runoff leaving the regulated area post-construction must not exceed the
runoff volume and peak flow rate which would occur under natural conditions for all
storms up to and including the 2-year, 24-hour storm event. Discharges that drain into
any portion of the City’s storm sewer discharging directly to the Detroit River or
downstream of the Rouge River Turning Basin are exempt. The regulated area is the
regulated construction activity for complying with the channel protection performance
standards.

Rouge River

% Turning Basin
el
% The Rouge River
%@/ Turning Basin is
< located at the
intersection of the
Rouge River

Rouge Canal Slip and
the Rouge River, just
upstream of South
Dix Street.

Turning Basin

Figure 2-3 Rouge River Turning Basin Location
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Alternative Compliance

Per Section 56-3-106 of the Detroit Municipal Code, applicants may apply for alternative
compliance from water quality volume retention requirements (found at Section 56-3-
105(d)(1)(c)) if the applicant demonstrates the presence of extraordinarily difficult site
conditions that make retaining water onsite infeasible. Alternative compliance may be
granted for up to 100 percent of the required volume.

Alternative compliance may be accomplished either through offsite mitigation or paying
an in-lieu fee. Offsite mitigation involves constructing a stormwater practice elsewhere
in the city. In-lieu fee involves paying a one-time fee to the City in lieu of constructing
stormwater management practice.

Exctraordinarily Difficult Site Conditions

Extraordinarily Difficult Site Conditions can include, but are not limited to, one or more
of the following:

(1) Sub-surface condition limiting infiltration. The presence of sub-surface
conditions, including soil contamination or shallow depth to bedrock or
groundwater, that present significant and atypical technical requirements for
mitigation, stormwater management measure design or installation, or create a
likelihood for subsurface pollutant plume transport; or

(2) Unique conditions that would require substantial re-grading for stormwater
controls. Unique topographic or geologic conditions that would require site re-
grading or re-contouring substantially different from typical and customary
practices for the installation of SCMs; or

(3) Potential for off-site basement flooding. Surface or subsurface conditions
indicating a likelihood that basement flooding on properties other than the
Development Site are reasonably foreseeable if SCMs are installed; or

(4) Conditions that require pumping of stormwater. Unique site or operational
conditions that would require pumping or other mechanical routing of
stormwater to meet the performance standards of Section 56-3-105(d)(1)(c); or

(5) Other conditions. Other conditions that, in the judgment of the Department,
present a substantial barrier to the safe and effective construction or operation
of SCMs.

Offsite Mitigation

In all cases, the location of the offsite mitigation must be on land within the City of
Detroit. Offsite mitigation may be constructed on:

(1) private property owned by the applicant,
(2) private property not owned by the applicant, or
(3) publicly owned land.

When offsite mitigation is placed on private property, the SCMs must be constructed on
a single parcel that has the same or greater amount of impervious area as the site being
developed and must have sufficient space for construction of the practice.
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Offsite mitigation projects must meet the following conditions:

(1) A post-construction stormwater management plan shall be prepared for the
offsite mitigation project.

(2) In all cases, land rights, access agreements or easements, and a maintenance
agreement and plan shall be provided to ensure long-term maintenance of any
off-site mitigation project prior to approval of the off-site mitigation proposal.

(3) Installation of the offsite mitigation project shall be completed: (a) within two
(2) years from the date that the stormwater management design plan is
approved, or (b) prior to full completion of the development project related to
the off-site mitigation project, whichever of (a) or (b) is earlier.

(4) The stormwater practice constructed for offsite mitigation shall be a new
practice and not part of a previously constructed practice or stormwater
banking program.

(5) All requirements for on-site stormwater management shall also apply to off-site
mitigation projects. These requirements include but are not limited to a
stormwater management design plan, inspections, maintenance, and
performance bonds.

In-lieu Fee

Applicants approved for alternative compliance may pay a one-time fee in accordance
with the following formula

Required retention volume (gallons) * Unit Cost (S/gallon)

The Unit Cost is a monetary amount established by a resolution of the DWSD Board of
Water Commissioners based on the average cost per gallon of runoff managed. The in-
lieu fee amount is based on projects designed and constructed by DWSD and supported
by national studies.. A list of the most current unit cost is maintained by DWSD. Unit
costs can change each year. Obtain the latest from DWSD.

Alternative Compliance Requests

DWSD will consider alternative compliance requests only after an applicant has
demonstrated that the conditions cannot be overcome or mitigated through reasonable
redesign, or without substantial interference with the present or intended use of the
Development Site.

The alternative compliance process is time consuming and requests should be
submitted as early as possible in the development of the project. Applicants must
submit alternative compliance requests to DWSD with supporting documentation,
including the hydrological analysis as described in Chapter 4, site plans, geotechnical
reports, environmental site assessments, and engineering analysis. Requests for
alternative compliance without supporting documentation will not be considered. Refer
to Appendix 2A beginning on page 2-17, for the alternative compliance request
application and checklist.
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2.1.3 Buffers

A buffer with a minimum width of 25 feet must be established and maintained, or
preserved, along the edge of any surface water and any regulated wetland, as shown in
Figure 2-4. Buffers are not required around dry detention basins or bioretention
practices. Buffers are required around extended wet detention basins and stormwater
wetlands; specific requirements are provided in the respective sections of this manual.

Figure 2-4. Required 25 ft. buffer

2.1.4 Post-Construction Stormwater Management Plan

The Post-Construction Stormwater Management Plan (PCSWMP) documents
compliance with the PCSWMO requirements for a project. The PCSWMP is submitted as
a part of an applicant’s site plan. DWSD reviews and approves all PCSWMPs; approval is
necessary prior to the approval of a site plan by the City.

Contents of a PCSWMP
The required components for a PCSWMP are as follows:

(1) A map which shows the discharge location(s) for all post-construction stormwater
runoff which will leave the Development Site, and the boundaries of the drainage area
tributary to each discharge location.

(2) A map which shows the boundaries of the Development Site, Common Plan of
Development if applicable, and the Regulated Construction Activity, clearly indicating
areas of disturbance, the boundaries of any no-build or non-disturbance areas, all points
of egress from the Development Site to a public right-of-way, and all easements and
other encumbrances.

(3) The preparation and property recording of all required easements with the City of
Detroit for DWSD access, deed restrictions, reservation of rights-of-way, or other
protective covenants to ensure sufficient access for the purposes of maintenance,
inspection, operation, repair, or replacement of any installed SCMs. The Applicant must
also ensure that any future modification of the site is consistent with the approved
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PCSWMP. See Section 56-3-110 and 56-3-111 of the City Municipal Code for additional

information on easement recording requirements.

(4) The required calculations establishing compliance with the Post Construction
Stormwater Management Performance Standards set forth in Section 48-3-105 this

Division.

(5) The design specifications and calculations, construction details, and locations for all
proposed SCMs, whether located on the Development Site or elsewhere, as selected
and designed using the guidance and required standards in the Stormwater

Management Design Manual.

(6) A map which shows the locations and descriptions of all access drives easements
necessary to allow for construction, inspection, operation and maintenance of all

proposed SCMs.

(7) An Operation and Maintenance Plan prepared by a professional engineer or
landscape architect properly licensed to practice in the State of Michigan containing
maintenance requirements and protocols for each selected SCM; a schedule of
inspection and maintenance activities, and procedures and checklists for each SCM
consistent with the provisions for each selected SCM in this Design Manual; a signed
certification statement accepting responsibility for the operation, maintenance and

inspection of the SCM.

(8) A copy of all applicable state and federal permits related to erosion, water resource

and stormwater management for the Regulated Project.

Applicants should complete DWSD’s PCSWMP application form and
checklist (refer to Appendix 2B beginning on page 2-25) and submit all
required documentation to DWSD for review and approval. Both the
PCSWMP and the associated O&M Plan must be developed or sealed
by a professional engineer or landscape architect properly licensed to
practice in the State of Michigan.

2.2 Other City Requirements

In addition to the PCSWMO, it is important to keep in mind that other
City requirements and permits may apply to the development site. For
example, DWSD issues sewer tap permits and BSEED issues plumbing
permits for private property connections to the City sewer. Changes
to parking area configuration for purposes of stormwater
management will require alignment with the City’s zoning
requirements.

CHAPTER 2 — Regulatory Requirements

The applicant shall ensure
that all drainage related City
permits are obtained.

If sewer tap permits are
necessary, contact DWSD at
313-964-9236.

Plumbing permits for private
property connections to City
sewer, contact BSEED’s
plumbing inspector at 313-
224-3158.

Confirm the City’s parking
lot requirements with
BSEED’s Zoning Department
at 313-224-1317.
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MDEQ offers a Wetland
Identification Program (WIP)
to assist the public in

2.3 Special Use Areas and Conditions

2.3.1 Natural Wetlands

In watersheds with a lot of development pressures and/or sensitive wetland
communities, a major objective should be to protect wetlands from upstream
stormwater impacts. Sensitive wetlands are affected by even small changes in
inundation and water quality; therefore, special stormwater criteria may be needed
when working near a wetland or within its contributing drainage area (CDA). The
stormwater management strategies that have typically been used to protect wetlands
range from merely requiring pretreatment of the discharges into the wetland to
excluding 100 percent of all new discharges into a wetland.

This section applies to natural wetlands (as opposed to stormwater wetland systems
that are constructed exclusively for stormwater management purposes). When a natural
wetland is incorporated into the overall stormwater management design, the following
requirements apply:

e Obtain all necessary wetland permit approvals from the Michigan Department of
Environmental Quality (MDEQ) and City before approval of the final site plan.

e Protect natural wetlands from adverse changes in runoff quality and quantity
associated with any land developments/redevelopments.

e Prohibit direct discharge of untreated stormwater to a natural wetland. Prior to
discharge to the wetland, pre-treat all runoff from the development to remove
sediment and other pollutants. Construct treatment facilities before property
grading begins. Clean and stabilize all basins prior to final acceptance.

° Site drainage patterns will not be altered in any way that will
modify existing water levels in protected wetlands. Any alteration of
drainage patterns that may affect water levels require prior approval
and all applicable permits from the MDEQ and/or DWSD.

identifying wetland and
non-wetland (i.e., upland) ° A qualified professional with specific wetland expertise will
areas on their property. oversee wetland construction, reconstruction, or modification.

Wetland Inventory Maps are
also available on the MDEQ

° Maintain or restore a permanent buffer strip, vegetated with
native plant species around the periphery of wetlands.

website. Since the maps are
not based upon an on-site ° Protect wetlands during construction by appropriate soil

review, the DEQ does not erosion and sediment control measures.

provide a jurisdictional
guarantee or a map specific
to the parcel. The MDEQ
Wetlands Map Viewer also

For projects subject to jurisdiction under the Wetlands Protection Act,
the applicant shall demonstrate to the issuing authority that the
discharge velocities will not cause erosion or scouring at, or
downstream of, the point of discharge.

provides a Status and Trends
Tool which allows users to
compare historic wetland
data to current information.
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2.3.2 Floodplains

Floodplain Regulatory Authority found in Part 31, Water Resources Protection, of the
Natural Resources and Environmental Protection Act (NREPA) states a permit is required
from MDEQ, Water Resources Division, for any occupation, construction, filling, or grade
change within the 100-year floodplain of a river, stream, drain, or inland lake. Bridges
and culverts are considered an occupation of the floodplain, as are activities that involve
storage of materials in the floodplain. Any earth disturbance over one-acre (43,560
square feet) in size or within 500 feet of a lake or stream needs a soil erosion and
sedimentation control (SESC) permit. Obtain all necessary floodplain permit approvals
from the MDEQ and provide elevation certificate for structures to BSEED before
approval of the final site plan.

e Forthe 100-year floodplain, the applicant must demonstrate that development in a
FEMA Special Flood Hazard Area (SFHA) floodplain does not increase the 100-year
flood elevation. This must be supported by calculations or computer model output
that demonstrates the predevelopment and post-development flood elevations. The
applicant should include an SFHA permit and the appropriate fee with the
Stormwater Management Plan. Floodplain Regulatory Authority found in Part 31,
Water Resources Protection, of the NREPA, a permit is required from MDEQ, Water
Resources Division, for any occupation, construction, filling, or grade change within
the 100-year floodplain of a river, stream, drain, or inland lake. Bridges and culverts
are considered an occupation of the floodplain, as are activities that involve storage
of materials in the floodplain.

e The applicant must demonstrate that any development within a 100-year floodplain
will not diminish flood storage capacity. Compensating storage is required for all lost
floodplain storage. The applicant must demonstrate that any volume of fill placed in
the 100-year floodplain is compensated with an equal volume of material removed
above the ordinary high-water table and below the 100-year flood elevation.
Volume calculations are required for the compensating storage.

2.4 Construction Site Soil Erosion and Sediment
Control

The City of Detroit’s soil erosion and sedimentation control (SESC)
program is administered by Wayne County Department of Public
Services — Environmental Services Group. Projects which meet the
county’s threshold requirements must apply for a Wayne County
SESC permit before any earthwork can begin.

Information on Wayne County’s
SESC program, including
information on the permit and
application kit, is available at:
http://www.waynecounty.com/
doe/soilerosion.htm

In addition, projects in Detroit which have earth disturbance
greater than 1 acre and have a point source discharge of
stormwater to waters of the state (either directly or through a separate storm sewer)
are also required to follow MDEQ’s Permit-by-Rule. Stormwater discharges to Detroit’s
combined sewers are not required to follow the MDEQ Permit-by-Rule.

CHAPTER 2 — Regulatory Requirements
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Information on MDEQ’s SESC
program and permits, including
training information and
guidance documents, is

available at:

http://www.michigan.gov/deq/

Coverage under this Permit-by-Rule is automatic for MDEQ
regulated projects which disturb more than one but less than five
acres of land as long as applicants have a Wayne County SESC
permit and a certified storm water operator inspects the site
weekly and within 24 hours of a rain event resulting in a discharge
of storm water from the site. However, MDEQ regulated projects

0,4561,7-135-3311 4113---

which disturb more than five acres of land must apply for Permit-

,00.html

June 2019

by-Rule coverage by submitting a Notice of Coverage (NOC) to the
MDEQ Water Resources Division. Permit-by-Rule requirements
and NOC applications can be found on the MDEQ website.

2.5 References

MDEQ. 2014. Post-Construction Stormwater Runoff Controls Program Compliance
Assistance Document. MS4 Program, Water Resources Division, Michigan Department
of Environmental Quality, Lansing.
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Alternative Compliance Request
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Alternative Compliance Request Application

Date
submittal J New [ Resubmittal Review ID if resubmittal

Project Information
Name

Description

Address
Parcel ID

Owner/Developer Information
Company

Last Name First Name
Address
City State Zip Code
Phone Email

Signature Date

Professional Engineer / Landscape Architect Information
Company

Last Name First Name
Address
City State Zip Code
Phone Email

Discharge Location: Select the type of sewer system the development site discharges to
L) combined sewer system
Q Separate storm sewer system

Extraordinarily Difficult Site Conditions claimed due to: Check all that apply
L Sub-surface condition limiting infiltration
Q Unique conditions that would require substantial re-grading for stormwater controls
L Potential for off-site basement flooding
U conditions that require pumping of stormwater
(| Other, please explain in the submittal

Alternative Compliance requested for: Compliance Method Requested:
Check all that apply Check all that apply
U water quality L offsite mitigation
U Infrastructure / channel protection U Fee In-lieu
U Flood control (| Other, please explain in the submittal

d Other, please explain in the submittal
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Alternative Compliance Request Checklist

Documents to Include
[ site Plan for development site (minimum 30% complete site plan)
U Alternative Compliance Request Report

Development Site Plan
Submit a site plan (minimum 30% complete) for the proposed development. At minimum the site plan
shall include:

U Boundaries

Development Site boundaries

Common plan of development boundaries (if applicable)
All delineated regulated areas

No-build or non-disturbance areas

Existing easements or other encumbrances

Locations of required buffers

pooooog

Floodplain and regulated wetlands (where applicable)

Q Footprint of proposed development buildings, parking garages, surface parking and green space
L General locations of proposed stormwater practices that will be included onsite

L Existing topography (minimum of 2-foot contours, 1-foot contours recommended)

U Locations of all existing surface water features, including streams, ditches, swales, and ponds

June 2019
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Alternative Compliance Request Report

Report Cover

Project Name

Property Owner

Development site address

Submission Date

Company or professional responsible for alternative compliance analysis

cooooo

Total area of impervious surfaces created or replaced

Project Description

L Brief project description including: area of development site, total area of regulated construction
activity (Table 2-1), and receiving sewer system(s)

a Applicable stormwater management performance standards

Demonstration of Extraordinarily Difficult Site Conditions
Narrative describing the nature of existing site conditions which prevent construction of on-site SCM
Alternatives that were considered

Hydrologic analysis, including volumes and rates of stormwater generated by development site for
applicable design storms for both natural condition and post-construction scenarios

Geotechnical reports
Environmental Site Assessments, if applicable
All necessary engineering analyses demonstrating the difficulty of the site conditions

o0 00O

Alternative Compliance Request
(] Describe the stormwater management performance standards requested for alternative compliance
(] Describe the method requested to comply (i.e. offsite mitigation, fee in-lieu, other)

Offsite Mitigation (If Applicable)

d Property owner

L Offsite location address

U Parcel number(s)

(] site map of proposed offsite location showing
(| Existing land cover (impervious and pervious)
L) Existing site grading (minimum 2-ft contours)
L Locations available for mitigation practices
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Appendix 2B
Post Construction Stormwater Management Plan Application
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Post-Construction Stormwater Management Plan Application

Date
Submittal 4 New Q Resubmittal Review ID if resubmittal

Project Information

Name

Description

Address
Parcel ID

Owner/Developer Information

Company

Last Name First Name
Address
City State Zip Code

Phone Email

Signature Date

Professional Engineer / Landscape Architect Information

Company

Last Name First Name
Address
City State Zip Code

Phone Email

Discharge Location: Select the type of sewer system the development site discharges to
L) combined sewer system
Q Separate storm sewer system

Compliance Method Alternative Compliance Preapproved for
Check all that apply Check all that apply

O onsite O water quality

L offsite mitigation (preapproval required) L Infrastructure / channel protection

L Fee In-lieu (preapproval required) L Flood control

L) Waiver (preapproval required) L other

U other, please explain in the submittal Submit a copy of the approved alternative

compliance approach
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Post-Construction Stormwater Management Plan Checklist

Projects with Approved Alternative Compliance
] Copy of approved alternative compliance request
L submit a PCSWMP for the development site

Project with approved offsite mitigation
L Submit a PCSWMP for the offsite location

Q Signed agreement to install offsite mitigation project within two years from the date the
stormwater management design plan is approved, or prior to full completion of the
development project related to the offsite mitigation, whichever is earlier.

Q Signed maintenance agreement if property is not owned by applicant

PCSWMP Documents

Q)
Q
<
o
-

Project Name

Property Owner

Development site address

Submission Date

Company or professional responsible for design of the stormwater management
Designer’s original seal, signature and date

Total area of impervious surfaces created or replaced

Coo0oo0oo

Copy of this checklist

Project Description

U Brief project description including:

U Areaof Development Site

L Total area of Regulated Construction Activity

L Receiving sewer system(s)

(| Applicable stormwater management performance standards

Compliance with Performance Standards

d Design methodology including all required input/output parameters and sources of information
used

Volumes and rates of stormwater generated by development site for applicable design storms,
depths/distributions, etc. for both natural condition and post-construction scenarios

Table of volumes/rates of stormwater managed at each SCM

OO0 O

All necessary certifications and calculations demonstrating compliance for any proprietary systems
or products used

Operation and Maintenance Plan
(Al maintenance requirements and schedules for each SCM
L Procedures or checklists to be used during inspections
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a Signed copy of certification statement accepting responsibility for the operation, maintenance and
inspection of the SCMs

(| Designer’s original seal, signature and date

Attachments

O an pre-development and post-development calculations or modeling, including storage, routing,
input parameters, hydrograph summaries, and pipe capacity calculations

U Infiltration test results or geotechnical report with all requirements from Chapter 6
Environmental site assessment, if available

a

QO a copy of all applicable state and federal permits related to erosion, water resource and stormwater
management for the Regulated Project

Q

Certification that Applicant has met or will meet, in addition to the requirements of this Division, all
other city, county, state, and federal requirements related to erosion control and sediment
prevention, surface water resource protection, and stormwater management applicable to the
Regulated Construction Activity.

Plan Sheets Showing

U Boundaries

Development Site boundaries

Common plan of development boundaries (if applicable)

All delineated regulated areas

Any no-build or non-disturbance area boundaries

All existing easements or other encumbrances boundaries

Location of any required buffers

Boundary of 100-year floodplain and regulated wetlands (where applicable)
All points of egress from the Development Site to a public right-of-way

poooo0opo

The locations and descriptions of all access drive easements necessary to allow for
construction, inspection, operation and maintenance of all proposed SCMs

L surface Features

Created or replaced impervious cover

Existing and proposed topography (minimum of 2-foot contours, 1-foot contours
recommended)

Locations of all existing surface water features, including streams, ditches, swales, ponds, and
wetlands

0 0O 00

Locations of geotechnical investigations
O stormwater Management Features
Location, numbering and size of all conveyance and SCMs

(N

Identification and location of all proposed and existing stormwater conveyance and storage
features. Label features to match all other documentation. Include dimensions, size, type,
material and other pertinent information necessary to construct and understand the design
intent.

Details and sections of SCMs with pertinent elevations labeled

Q
Q

June 2019
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a
a
a
a

U

Details and profile of all stormwater conveyance systems including pipe networks, swales and
drains

Planting plans for all vegetated stormwater features

Location of all existing and proposed roof drains and yard drains, including their connection
points to sewers or to SCMs

Post-development stormwater flow direction arrows, drainage areas, and discharge points
from the site including type of discharge. Tributary drainage areas shall be shown to key
stormwater features and labeled to match all other documentation.

Spot elevations at all inlets, outlets, manhole inverts & sumps, manhole rims, orifices, weirs,
or other control devices, risers, emergency spillways, top of slope and bottom of practice
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Certification Statement

Underdevelopment
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3. Site Design and Stormwater
Management

Development in Detroit can range from reuse of a previously demolished site, to reuse of an existing
building with changes to the site, to new demolition and new construction. Stormwater management
opportunities for these different types of development projects will vary, depending on site-specific
conditions. Regardless of the type of development, the site design process for the project should
integrate stormwater management considerations at the outset. This chapter presents guidelines and
considerations for designing site development projects including data requirements, agency
coordination, site design principles, and system components. The chapter also illustrates how site
designs for a variety of building sites and types, as well as open spaces, can integrate SCMs.

Contents
3.1  Integrated Site Design APPIrOACH .....ci i iie ettt e e et e e e et e e s e e e e e aabraeeeanaaeeeeaan 3-2
3.2  Identify Regulatory Requirements and Determine Project Goals and Objectives.........c.ccccueenue... 3-3
3.2.1 Identify all necessary regulatory reqUIremMeNnts........ccceeeeueeeieeeiieeeiee e e seeesieeeevee e 3-3
3.2.2 Define goals for the Project ......cuueee e e 3-3
3.3 Perform the Sit€ ASSESSMENT ......eiuiiiiiiiieteee ettt ettt ettt sneere e 3-4
3.3.1  Conducting @ Site INVENTOINY ..cccciuiieieiiiee ettt e et e e e et e e e e sabae e e e abaeeeeanes 3-4
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3.4  Begin Design By Reducing Impervious Surfaces and Stormwater Management Needs................ 3-8
3.5  ReVview Options fOr SILE SCIVIS ......uuiiiiiiiiie ettt e ettt e e ettt e e e saa e e e esaaaeeeesasaeeeeansaeeeeansseeeennsseeen 3-11
3.5.1 Structural SCM TechniCal REVIEW ........cccociiiiiiiiiiiiiiiieeieeieee et 3-11
3.5.2 Non-Structural Source Control SCM Opportunity REVIEW ........cccveervueeeiiieeiieeeiieesreenns 3-12
3.6 Prepare CoONCEPLUAl SItE DESIZN ..uveeeeieeiieeeiie ettt e eteeeste e et e e steeeeaeeeaaeessaeeenseeesseeesnseesseeesnseeennes 3-14

3.7  Begin Final Design and Assemble Post-Construction Stormwater Management Plan Submittal 3-15
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3.1 Integrated Site Design Approach

The recommended approach to site design is one that considers stormwater
management in the initial stages of the design process and continually integrates these
considerations at every decision point. This process works sequentially to first reduce
the quantity of stormwater runoff to be managed, and then to iteratively determine the
most effective and cost efficient means for designing structural and non-structural
SCMs, including GSI practices, to meet the applicable PCSMO requirements, as well as
other potential project goals such as drainage credits and water conservation through
GSI practices. Integrated site design early in a project increases the potential for
identifying SCMs that can provide multiple benefits, such as those associated with GSI
discussed in Chapter 1. Figure 3-1 provides a consolidated work flow process of the
integrated site design approach that serves as an organizing framework for this chapter.

Identify all requirements necessary for the
project and determine project goals and
objectives

L 4

Perform the site assessment and map key
opportunities and constraints

4

Begin design by looking for ways to reduce
impervious surfaces and reduce stormwater
management needs

4

Review options for additional stormwater
control measures

L 4
Layout conceptual design for the site using
design principles, perform calculations, and

iterate to a suitable design

L 4

Begin final design and assembly of the Post-
Construction Stormwater Management Plan

Figure 3-1 Integrated Site Design Process
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Stormwater as a Site Amenity

Historically, stormwater has been treated as a nuisance that carries contaminants, floods
basements and streets, and needs to be conveyed off site as quickly as possible. However,
when stormwater is managed at the source, it can serve as a valuable resource for
groundwater recharge, irrigation for plants, and even be stored and reused for non-potable
functions, creating potential long-term cost savings. Using reclaimed stormwater for
irrigation, toilet flushing or other applications reduces or eliminates the need to purchase
potable water for these uses. Furthermore, contemporary design philosophies have
emerged which aim to maximize the multitude of benefits that property owners, residents,
and communities can receive when working with stormwater specifically as a design
element. Many of the design principles presented throughout this chapter aid in maximizing
the benefits of treating stormwater as an amenity.

3.2 Identify Regulatory Requirements and
Determine Project Goals and Objectives

The first step in the integrated design approach is to identify and review regulatory
requirements and, based on the understanding of the applicable requirements,
determine the project goals and objectives.

3.2.1 Identify all necessary regulatory requitements

A thorough understanding of all the applicable local, state and federal
requirements for the proposed project site will define the applicable
performance standards, the necessary permits, and the review and
approval processes. Knowing this information upfront can reduce
project delays, and in some cases, change the trajectory of the project to
avoid the need for the permit all together. Carefully review the
regulatory requirements, including stormwater performance standards
and associated regulated area definitions, in Chapter 2 of this Design
Manual prior to proceeding with design.

3.2.2 Define goals for the project

In large part, the applicable regulatory requirements will define the
goals and objectives for a project, but there may be additional goals that
Figure 3-2 A "living wall"area in a project team hopes to achieve. For example, some project teams may
Grad Rapids, MI want to incorporate GSI practices to reap the additional benefits, such as
increased property values and decreased drainage bills, while others
may want to include other elements that may lead to grant funding.
Understanding the possibilities and defining the projects goals early
makes the goals much more likely to be carried out during the design process.
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3.3 Perform the Site Assessment

A thorough site assessment is a key next step of the design process. The site assessment
consists of two phases: an inventory of the site, where the physical, biological and
cultural attributes are identified; and the analysis, which determines where the
constraints and opportunities exist and how they will guide the selection of the most
appropriate stormwater management approach and design for the site. This section
serves as a guide for completing a thorough site assessment.

Figure 3-3 Example of site inventory

3.3.1 Conducting a Site Inventory

The site inventory collects information on various site conditions and neighborhood
attributes to help designers identify potential opportunities and limitations for
structural SCMs, particularly GSI practices that require specific site conditions to be
effective. The site inventory should take into account site conditions, as well as the
neighborhood context.

Site Conditions

Existing and historic site conditions can influence stormwater management decisions.
Assessment of the physical attributes and natural systems present on a site ensures that
the selected stormwater management approach minimizes impacts to sensitive areas,
whether natural or potentially contaminated. It also helps to identify any opportunities
to take advantage of existing natural drainage patterns, reduce or remove unnecessary
impervious areas, and employ the many added benefits that are achieved with properly
designed sites and the implementation of green stormwater infrastructure. In Detroit,
the prior use of the site may not be readily apparent. For example, currently vegetated
sites may have demolition debris or former foundations below the surface that could
affect infiltration. Understanding the historical use of a site may also help determine
potential areas of contamination and influence stormwater management decisions. For
example, if a site contains capped contaminated areas, the stormwater management
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opportunities on the site might call for shallow SCMs and if the site inventory reveals
larger contaminated areas, the site design would likely need to avoid using those areas
for stormwater management. Site condition attributes such as utilities, soils, existing
structures, and climate, will also assist with future vegetation considerations for SCM
selection and design. Table 3-1 identifies the most common site inventory attributes and
associated tasks and information sources for compiling the inventory. However, it is
important to examine the specific applicable regulatory requirements and project goals
to identify additional site inventory attributes.
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Table 3-1. Site Condition Attributes, Tasks, and Data Sources for Site Inventory

Site Conditions

Attribute Task Sources

Topography Identify where high points and low points are located Topographic survey, digital
on the site along with any steep slopes. elevation data.

Structures and Paved Identify the locations of infrastructure and paved Aerial imagery, topographic

Areas areas including driveways, sidewalks, and compacted survey, field inventory.

gravel surfaces. Note building materials and
proximity to other buildings, locations of visibility
windows, entrances and signage where views will
need to be maintained. |dentify emergency routes
and site access/egress.

Utilities Identify locations and sizes of existing sewer pipes, Local utility companies, as-built
water lines, gas lines, electric and communication or record drawings, Michigan
utilities, and all associated infrastructure such as Underground Utility Safety
manholes and catch basins. Identify locations of Notification System (MISS DIG),
shallow utilities, any aging underground topographic survey, field
infrastructure and overhead wires that may verification when necessary.

impacted tree selection. Make note of utility poles
and hydrants that will require access and visibility.

Soils Evaluate existing soil conditions onsite including, USDA Soil Surveys,
permeability, depth to groundwater or impenetrable geotechnical investigation
layers, locations of sand seams, presence of perched reports, infiltration testing
or seasonally high groundwater, and capped reports.
contaminated soils. Evaluate existing soils for
nutrients, pH, textural characteristics, and hydrologic
soil groups.

Previous Land Uses Researching previous land uses can provide valuable Tax records, Sanborn Fire
information regarding what can be expected below  Insurance Maps, title records &
ground. Large foundations or demolition debris may  plat maps, historic aerial

have been left, or past land uses may indicate a photography, environmental
potential for contaminated or overly compacted surveys or investigations.
soils.

Waterbodies, Wetlands Identify locations and buffers of onsite and nearby Topographic survey, FEMA

& Floodplains water features. Offsite water features may impact Flood Maps, wetland areas
the site in the form of floodplains, regulation of (e.g., MDEQ Wetlands Map
wetlands, or distance to a navigable waterway, and Viewer), field verification when
should be noted where applicable. necessary.

Hydrology Identify onsite drainage patterns, drainage pathways Topographic survey, aerial
and discharge points off site. photography, field verification

Existing Vegetation Make note of nearby existing vegetation including Aerial imagery, topographic
maturity, health and whether or not it is native, survey, field inventory.

exotic or invasive. ldentify vegetation to be
protected or removed.

Climate Identify wind patterns, average minimum and Sun/shade studies, solar
maximum temperatures, sun/shade relationships, radiation maps, seasonal and
and areas of increased temperature (i.e. places monthly climate data, field

surrounded by dark pavement or areas affected by verification.
bright building reflections).
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Neighborhood Context

Understanding how visible SCMs will fit into the existing character of their surroundings
is just as important as the performance of the system itself. Installations that are
perceived by the client or local residents as being attractive and an amenity to the
neighborhood are much more likely to be cared for and replicated. Table 3-2 highlights
site inventory attributes related to the neighborhood context.

Table 3-2. Neighborhood Context Attributes, Tasks, and Data Sources for Site Inventory

Neighborhood Context

Attribute

Task

Sources

Neighborhood
Character

Make note of the current visual character of the
surrounding neighborhood, including design
styles, common elements and overall condition.

Aerial photography, panoramic
street views, field verification,
conversations with community
members.

Safety

Identify sight lines that need to be preserved,
both into and out of the site, signs of vandalism or
neglect, and any other safety concerns pertinent
to the area.

Aerial photography, panoramic
street views, field verification,
neighborhood crime statistics,
conversations with community
members.

Circulation

Identify existing circulation routes, patterns and
intersections (pedestrian and vehicular), including
informal ones that may need to be incorporated
into the site; identify where barriers may be
needed to prevent access.

Aerial photography, panoramic
street views field verification,
conversations with community
members.

3.3.2 Site Analysis

Site analysis is the final phase of the site assessment. This involves identifying where
opportunities and constraints for stormwater management exist. Displaying this
information in map form assists the designer in making preliminary decisions regarding
placement of programmatic elements on the site, ways to take advantage of existing
site features to manage stormwater runoff, and placement of SCMs needed to achieve
project requirements and goals.
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3.4 Begin Design By Reducing Impervious
Surfaces and Stormwater Management Needs

With a complete site assessment, the next step in the integrated site design approach is
to initiate the design process by identifying opportunities to reduce impervious surfaces
and the need for new structural SCMs.

One way to achieve this is by using site design principles for stormwater management
that employ a combination of GSI practices and planning techniques to reproduce
natural hydrologic conditions, often collectively referred to as low impact development
(LID) techniques. By designing to minimizing impervious surfaces and infiltrating,
evaporating, and storing stormwater runoff onsite, these principles aid in maintaining a
more hydrologically functional landscape, even in dense urban settings. More detail on
LID concepts for southeast Michigan is available in the Southeast Michigan Council of
Governments (SEMCOG) Low Impact Development Manual (LID) for Michigan: A Design
Guide for Implementers and Reviewers (2008), referenced in Chapter 1 of this Design
Manual. A summary of key site design principles that will help reduce impervious
surfaces and reduce the need for constructed SCMs is provided below.

1. Preserve & Protect Existing Sensitive Natural Features

Provide buffers to streams and wetlands

Incorporate native or existing, non-invasive vegetation into the design
Preserve existing healthy trees whenever possible

Protect existing soils that are already providing infiltration

2. Minimize the Need for Constructed Stormwater Management Practices

Cluster development to reduce impervious surfaces
e Remove impervious surface whenever possible
e Disconnect impervious surfaces

Figure 3-5 Disconnected impervious Figure 3-4 Use of cisterns for water
surface draining to lawn reuse
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Soil Restoration

A technique used to enhance and restore
soils by physical treatment and/or by
mixing with additives — such as compost —
in areas where soil has been compacted.
Soil restoration increases the water
retention capacity of soil, reduces erosion,
improves soil structure, immobilizes and
degrades pollutants (depending on soil
media makeup), supplies nutrients to
plants, and provides organic matter. Soil
restoration is also used to reestablish the
soil’s long-term capacity for infiltration and
to enhance the vitality of the soil as it hosts
all manner of microbes and plant root
systems in complex, symbiotic
relationships. Soil restoration techniques
from the SEMCOG Low Impact
Development Manual for Michigan include
tilling the soil (also referred to as
scarification, ripping or subsoiling) and
applying soil media for amendment.

3. Integrate Natural Surface Hydrology & Soil
Conditions into the Design

e Look for natural surface drainage patterns

e Locate stormwater management practices in low spots

e Locate infiltrating practices on soils with high infiltration
rates

e Utilize areas with poor quality or contaminated soils for
proposed buildings and parking areas

e Minimize soil disturbance to preserve infiltration capacity of
natural soils where disconnected impervious surfaces can
discharge

4. Treat Stormwater as an Amenity

e Look for ways to reuse water for non-potable uses
e Incorporate GSI practices that provide social, ecological and
economic benefits

5. Treat Stormwater at its Source

e Detain and retain runoff as close to the source as possible
e Use distributed practices

Design considerations that limit or reduce the amount of
impervious cover and increase the amount of disconnected
impervious surfaces are the preferred methods for managing

stormwater generated on site. These methods should be maximized first whenever
possible. However, in urban environments space constraints can often make achieving
this quite difficult, and additional design solutions such as on-site soil restoration and
constructed stormwater management practices will be necessary.

In addition to looking at the site for ways to reduce or remove impervious surfaces,
landscape design principles applied early in the design process can assist in bringing
multiple benefits to the site that will ensure stormwater management effectiveness
embraced by community members. Landscape design aims to combine art and science

to create functional and aesthetic designs that consider the needs of the users as well as
the needs of the site. The following principles should be

considered when designing spaces that will interact with people,

support plant material, and integrate ecological sustainability.

1. Aesthetics

e Create stormwater management practices that look cared for
and intentional by creating defined perimeters and designing
maintainable spaces

e Design elements that fit into or enhance the existing
neighborhood character

Figure 3-6 Planter box
included in a street design
within an urban corridor
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Figure 3-7 GSI planting
event with local students

Figure 3-8 Trees providing
cover along Riverwalk in
Detroit

Figure 3-9 Low plantings
near high use circulation
routes

Figure 3-10 Plantings in
obvious patterns in a
bioretention garden

e Plant in recognizable patterns, use plant material the public
is familiar with, and incorporate vegetation that provides
interest in all seasons

e Design elements that create visual interest

2. Provide Social & Cultural Benefits

e Protect and provide trees whenever possible to create
shade, reduce surface temperatures, and clean the air

e Include natural features and open spaces which have been
shown to reduce stress levels, increase levels of physical activity,
and improve reported well-being

3. Maximize Long-term Economic Benefits

e Reduce building energy needs through selective vegetation
placement (deciduous trees on the south and west sides,
evergreens on northwest side)

e Trees and green stormwater infrastructure have been
shown to increase property values and increase the amount
people are willing to pay to live in places with these features

4. Safety

e |dentify and maintain desired sight lines

e Do not design elements that can create hiding places or
become hazards in perceived high crime areas or where children
will be present

e Special safety considerations are needed when planting
near roads, intersections and circulation routes. Maintain
applicable clear zones and keep vegetation below 3 feet in
height (at maturity).

5. Enhance Ecological Value

e Eliminate invasive species

e Increase local biodiversity by providing a variety of plant
species, especially natives

e Include trees, shrubs and herbaceous vegetation to provide
benefits for wildlife like food, habitat and shelter. Design green
spaces to provide habitat connectivity when possible.

6. Planting Design that Plans for Maintenance

e Know what maintenance will be available for the project,
including how much and the experience of the crews with GSl,
before beginning design

e Design for fewer weeds by reducing the area of bare ground
by increasing planting densities to achieve 90 percent cover
within two growing seasons
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e Plant in ways that reduces the amount of knowledge necessary to perform required
maintenance tasks. Options include:
— Planting with a restricted palette (only 1-3 species)
— Planting in obvious patterns (masses, rows)
— Select plant material that can be mown annually or semi-annually

3.5 Review Options for Site SCMs

After identifying opportunities to reduce impervious surfaces and the need for
stormwater management through site design, the next step in the integrated site design
approach is to review both structural and non-structural SCM options to effectively
manage stormwater from the impervious surfaces on the remainder of the site. The
process of selecting the most effective and appropriate structural SCMs for a site can be
challenging, especially when faced with space constraints and tough site conditions.
Testing various configurations of required site elements and site layouts allows the
designer to meet the goals and objectives for a project in an efficient and cost-effective
manner. Non-structural SCMs can assist with pollution prevention to help minimize
contamination of stormwater runoff from the site.

3.5.1 Structural SCM Technical Review

There are many options structural SCMs to consider for a site. Selecting the right SCM,
or suite of SCMs, requires an understanding of the different SCM functions, costs, added
benefits, and interactions between other site functions. This Design Manual provides
detailed information on a variety of SCMs in Chapters 5-14. These SCM specific chapters
go into detail on the site characteristics and technical requirements needed to
effectively implement each SCM. Reviewing the information in these SCM specific
chapters should be a first step in considering which SCMs might be appropriate for a site
prior to initiating a conceptual design.

Figure 3-11 Three examples of green stormwater infrastructure practices in commercial district
with similar benefits but different designs and costs. From left to right: tree based suspended
pavement (Philadelphia PA), curb extension bioretention (Portland OR), and planter box
(Lansing, M)
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3.5.2 Non-Structural Source Control SCM Opportunity Review

Non-structural source control SCMs are intended to prevent or reduce the generation of
pollutants in stormwater using practices that focus on facility operations and
procedures. These SCMs are commonly used at commercial and industrial sites where
potential pollutant sources may be exposed to stormwater runoff. Non-structural source
control SCMs to consider during site design are described below.

Pollution Prevention

The best way to prevent stormwater pollution is to minimize the use of pollutants in
commercial and industrial activities. This could include reducing the use of a product, or
substituting a less toxic product to use. Another effective pollution prevention practice
is to move materials and activities indoors, where they will not be exposed to
stormwater runoff.

Educational Signage

Educating Detr0|ter's about the c_onnect'|0n of the street to th'e sewer system KEEP l’l‘ CLEAN
to local waterways is a key step in keeping pollutants and solids out of the
sewer system. One way to do this is through storm drain stenciling with a no P« .

dumping message that will resonate with Detroiters about where pollutants D—V_ k

and trash could end up once it enters the sewer system. Post signage near v—
waterways that prohibit illegal dumping. Consider educational signage near B \ 3
structural SCMs that explain the function of the measure and Dos and Don’ts I)I{AINS 10 l‘lv"‘l‘
that will affect performance of the SCM.

Figure 3-12 Storm drain stencil
Good Housekeeping label

Good housekeeping practices offer a practical and cost-effective way to Source: EPA

maintain a clean and orderly facility to prevent potential pollution sources from coming
into contact with stormwater. Good housekeeping practices also help to enhance safety
and improve the overall work environment. Good housekeeping practices include:

e Maintaining a clean workplace through frequent sweeping

e Regular collection and disposal of garbage and waste material

e Cover and maintain dumpsters and waste receptacles

o Identify and label all containers, including with information from Material Safety
Data Sheets (MSDS)

e Train employees on good housekeeping practices and publicize good housekeeping
practices using posters or signs

Trash Storage Areas

Trash storage areas should be on an impervious surface designed to prevent run-on
from adjoining areas. Trash containers or dumpsters should have lids to prevent rainfall
or snowfall intrusion. A roof or cover could be considered for high use trash areas.
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Outdoor Material Handling and Storage Areas

Where practical, conduct operations indoors. Store bulk solid
materials such as raw materials, sand, gravel, topsoil, compost,
concrete, packing materials, metal products and other

DWSD maintains a 24-Hour
Emergency Maintenance

materials covered in accordance with the Detroit Bulk Solid Hotline: 313-267-7401 for
Storage Ordinance and protected from stormwater. When reporting any water and
practical, store materials on impermeable surfaces. Store sewer emergency issues
hazardous materials according to federal, state, and local including spills, overflows
hazardous materials requirements and use secondary or sewer backups.

containment structures. Inspect temporary covers, such as
tarps, frequently and repair/replace when torn or materials are
exposed. If transporting materials to and from the storage
area, cover the materials during conveyance and to reduce
environmental dust and wash associated with fine particulate
matter.

Covering Loading/Unloading Dock Areas

Provide overhead cover when appropriate to prevent
precipitation coming into contact with materials. Isolate
drainage in the loading dock area through the use of paved
berms and/or grade breaks to prevent adjacent runoff from
entering the loading area and to prevent liquid spills from
discharging from the loading area.

Vehicle/Equipment Maintenance Figure 3-13 Covered material

Conduct maintenance activities indoors when possible. storage area

Perform regular inspection and preventative maintenance of vehicles/equipment to
ensure proper operation and to check for leaks. Use drip pans to collect leaks and spills
from vehicles and equipment, and empty drip pans regularly. Drain oil and fuel filters
and dispose of them into appropriately closed and properly labeled containers. Conduct
maintenance activities away from storm drains.

Vehicle/Equipment Fueling

Keep spill kits next to fueling areas with clear signage. Clean up spills with dry methods
(absorbents) and use damp cloths on gas pumps and damp mops on paved surfaces.
Never use a hose to “wash down” a fuel spill. If possible, fuel-dispensing areas should be
paved with concrete and covered. Regularly inspect fueling areas to check for spills,
leaks, corrosion, or other damage.

Vehicle/Equipment Wash Areas

Where practical, keep vehicle wash areas self-contained with discharge to a properly
permitted connection to a sanitary sewer.

Spill Prevention and Response Procedures

Spills and leaks, together, are the largest source of commercial and industrial
stormwater pollution. Train employees on spill prevention practices. Keep spill
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containment and cleanup kits on-site and readily accessible, and clean up all spills
immediately upon discovery. Do not flush any spill or cleanup materials into a storm
drain — use dry sweep methods and dispose in appropriate containers.

Erosion and Sediment Controls

Limit erosion on areas of the site that, due to topography, land disturbing

activities, soils, cover, materials, or other factors, are likely to experience

erosion. In general, erosion control measures, which prevent soil or

sediment from becoming mobilized, should be used as the primary line

of defense, while sediment control measures, which trap, infiltrate, or

settle out mobilized sediments, should be used to back-up the erosion

control measures. For instance, erosion control measures, include

grading, seeding, mulching, and sodding that prevent soil from becoming

dislodged, should be considered first. Where sediment may be dislodged

and potentially mobilized in stormwater runoff, sediment control Figure 3-14 Silt fence
measures that trap eroded sediment, such as silt fences, sediment ponds, and stabilized
entrances should be considered.

Snow and Ice Management

Designate snow storage areas in locations that direct runoff to GSI practices for
treatment, where practicable. Deicing chemicals can have a severe impact on plants and
vegetation in GSI practices — carefully consider the need of deicing chemical in areas
that drain to vegetation. Do not plow snow directly into streams.

Employee Training

Train employees who work in areas with pollutants that could be exposed to
stormwater on how to properly handle pollutants, respond to spills, and report water
quality problems.

3.6 Prepare Conceptual Site Design

With an understanding of the project goals, applicable performance standards, site
assessment, and stormwater management opportunities, and a suite of possible SCMs
based on the technical review, creating a conceptual design for the site is now feasible.
An iterative conceptual design process is recommended, allowing the site design
process to test the potential use of several selected SCMs to find those that are most
optimal for the project. The steps in the iterative conceptual design process, shown in
Figure 3-2, can save time and money by identifying any conflicts or performance issues
early in the process before other site design elements are finalized. Using the applicable
site and landscape design principles, the steps can be implemented, assessed, and
adjusted until an appropriate solution is reached.
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Use site assessment
and design principles
to (re)locate
programmatic
elements and

appropriate SCMs
Ensure performance, Delineate drainage
cost, maintenance, and areas, calculate
aesthetics are in line performance of the
with the goals and SCMs

objectives of the project

F/

Figure 3-15. Iterative Conceptual Design Process

3.7 Begin Final Design and Assemble Post-
Construction Stormwater Management Plan
Submittal

Once the concept design has satisfactorily met all project goals and objectives, the
design can be finalized, and the Post-Construction Stormwater Management Plan can be
prepared.

Once the final design is complete, the last step in the integrated site design process is to
assemble the documentation required for the PCSWMP. Chapter 2 of this Design
Manual identified the required components of the PCSWMP. To ensure complete
PCSWMP submittal, use the PCSWMP application form and checklist of required
documentation provided in Appendix A.
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4. Hydrologic Procedures

This chapter provides climatological information, temporal rainfall distributions and acceptable methods
to use for calculating stormwater runoff. The hydrologic procedures provided in this chapter are
common procedures that are routinely used. All the procedures can be accomplished with software. The
basic procedures result in computing a peak flow rate or a volume. For many design situations, a
complete hydrograph is needed.
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4.1 Hydrology

4.1.1 Precipitation Frequency Data

The rainfall data presented in Table 4-1 is from NOAA Atlas 14 Precipitation-Frequency
Atlas of the United States, Volume 8 Version 2: Midwestern States, including Michigan,
based on the weather station at the Detroit Metropolitan Airport. The same information
is shown graphically in the Intensity-Duration-Frequency (IDF) curves in Figure 4-1.

Table 4-1 Precipitation Depth (in) for Recurrence Interval (years)

Duration 1 year PAE]S 5 year 10 year 25 year 50 year 100 year
5 min 0.31 0.37 0.46 0.54 0.66 0.74 0.83
10 min 0.46 0.54 0.68 0.80 0.96 1.09 1.22
15 min 0.56 0.66 0.83 0.97 1.17 1.33 1.49
30 min 0.76 0.90 1.13 1.33 1.61 1.83 2.05
1 hour 0.97 1.15 1.45 1.70 2.07 2.36 2.66
2 hour 1.18 1.40 1.76 2.08 2.53 2.89 3.26
3 hour 1.31 1.55 1.95 2.29 2.80 3.20 3.63
6 hour 1.55 1.80 2.24 2.64 3.21 3.69 4.19
12 hour 1.80 2.06 2.52 2.94 3.57 4.09 4.65
24 hour 2.06 2.35 2.85 3.31 3.98 4.55 5.15
2 day 2.35 2.69 3.27 3.78 4.52 5.12 5.75
3 day 2.58 2.93 3.54 4.06 4.82 5.44 6.08
4 day 2.78 3.14 3.76 4.30 5.07 5.70 6.34
7 day 3.29 3.69 4.36 494 5.77 6.43 7.11
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Figure 4-1 Intensity Duration Frequency (IDF) Curve

An equation form of the intensity-duration-frequency curve is also available.

, 38.4164T 02082
i = (4.1)
(12.3258 + D)0:8405
where i = design rainfall intensity, in/hr.

T = return period, yr.
D = duration, min

The coefficients for the equation form of the IDF curve were developed from a
regression analysis for durations from 5 minutes to 24 hours.

4.1.2 Small Non-Exceedance Storms

Small storms are responsible for most annual urban runoff and most pollutant wash-off
from urban surfaces. Large storms contribute significant per event runoff volumes;
however, they tend to occur infrequently. A non-exceedance rainfall analysis is
presented in Figure 4-2 based on hourly rainfall data from the Detroit Metropolitan
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Airport from 1958 to 2013 for runoff producing events. For regulatory purposes, runoff
producing events are assumed to be rainfall events larger than 0.10 inches.

The 90 percent non-exceedance precipitation event is 1.0-in. This means that 90 percent
of all events during an average year are less than or equal to 1.0-in. of rainfall.

Figure 4-2 Non-Exceedance Rainfall

4.1.3 Continuous Rainfall Data

An analysis using continuous rainfall data may be used for some calculations.
Continuous rainfall data may be helpful for designing green infrastructure and water
harvesting practices but should not be used for sizing conveyance systems or large
storage basins. When performing a continuous rainfall analysis, a minimum of 10 years
of continuous rainfall data must be used. Rainfall data shall be hourly or smaller
increments, and shall be from a National Weather Service station such as the Detroit
Metropolitan Airport.

4.1.4 Rainfall Distribution

When a runoff hydrograph is required for design calculations a temporal rainfall
distribution is needed. Historically a NRCS Type Il rainfall distribution has been used.
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NRCS is replacing the use of the legacy rainfall distributions (Type |, 1A, II, and 1) with
rainfall distributions based on NOAA Atlas 14 precipitation-frequency data. These
rainfall distributions are based on the 5-minute through 24-hour rainfall depths for a
specific return period. For the Detroit area a NRCS Midwest-Southeast (MSE) Type 3
rainfall distribution shall be used. This distribution is intended to be used for design
purposes.

Figure 4-3 MSE3 Rainfall Distribution
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Table 4-2 MSE3 Rainfall Distribution

Rainfall Rainfall Rainfall CETEL CETEL Rainfall

(in) (in) (in) (in) (in) (in)
0.1 0.00027 4.1 0.02714 8.1 0.08556 12.1 0.62755 16.1 0.91811 20.1 0.97496
0.2 0.00056 4.2 0.02821 8.2 0.08742 12.2 0.67555 16.2 0.91992 20.2 0.97597
0.3 0.00086 4.3 0.02931 83 0.08931 12.3 0.70938 16.3 0.92170 20.3 0.97697
0.4 0.00119 44 0.03042 84 0.09121 124 0.73370 16.4 0.92347 204 0.97795
0.5 0.00153 4.5 0.03156 85 0.09314 12.5 0.75200 16.5 0.92522 20.5 0.97891
0.6 0.00190 4.6 0.03271 8.6 0.09508 12.6 0.76457 16.6 0.92694 20.6 0.97984
0.7 0.00229 4.7 0.03389 8.7 0.09704 12.7 0.77638 16.7 0.92865 20.7 0.98076
0.8 0.00269 4.8 0.03508 8.8 0.09903 12.8 0.78744 16.8 0.93034 20.8 0.98166
0.9 0.00312 49 0.03630 8.9 0.10103 129 0.79774 16.9 0.93201 20.9 0.98254
1.0 0.00356 5.0 0.03753 9.0 0.10305 13.0 0.80728 17.0 0.93365 21.0 0.98340
1.1 0.00403 5.1 0.03878 9.1 0.10628 13.1 0.81606 17.1 0.93528 21.1 0.98424
1.2 0.00451 5.2 0.04006 9.2 0.10956 13.2 0.82409 17.2 0.93689 21.2 0.98506
1.3 0.00501 5.3 0.04135 9.3 0.11289 13.3 0.83137 17.3 0.93848 21.3 0.98586
1.4 0.00554 5.4 0.04266 9.4 0.11626 13.4 0.83788 17.4 0.94005 21.4 0.98664
1.5 0.00608 5.5 0.04399 9.5 0.11967 13.5 0.84364 17.5 0.94160 21.5 0.98740
1.6 0.00665 5.6 0.04535 9.6 0.12314 13.6 0.84752 17.6 0.94313 21.6 0.98814
1.7 0.00723 5.7 0.04672 9.7 0.12664 13.7 0.85134 17.7 0.94464 21.7 0.98886
1.8 0.00783 5.8 0.04811 9.8 0.13020 13.8 0.85513 17.8 0.94613 21.8 0.98956
1.9 0.00845 5.9 0.04952 9.9 0.13380 13.9 0.85887 17.9 0.94760 21.9 0.99024
2.0 0.00910 6.0 0.05095 10.0 0.13744 14.0 0.86256 18.0 0.94905 22.0 0.99090
2.1 0.00976 6.1 0.05240 10.1 0.14113 14.1 0.86620 18.1 0.95048 22.1 0.99155
2.2 0.01044 6.2 0.05387 10.2 0.14487 14.2 0.86980 18.2 0.95189 22.2 0.99217
2.3 0.01114 6.3 0.05536 10.3 0.14866 14.3 0.87336 18.3 0.95328 22.3 0.99277
2.4 0.0118 6.4 0.05687 10.4 0.15248 14.4 0.87686 18.4 0.95465 22.4 0.99335
2.5 0.01260 6.5 0.05840 10.5 0.15636 14.5 0.88033 18.5 0.95601 22.5 0.99392
2.6 001336 6.6 0.05995 10.6 0.16212 14.6 0.88374 18.6 0.95734 22.6 0.99446
2.7 0.01414 6.7 0.06152 10.7 0.16863 14.7 0.88711 18.7 0.95865 22.7 0.99499
2.8 0.01494 6.8 0.06311 10.8 0.17591 14.8 0.89044 18.8 0.95994 22.8 0.99549
29 0.01576 6.9 0.06472 10.9 0.18394 149 0.89372 18.9 0.96122 229 0.99597
3.0 0.01660 7.0 0.06635 11.0 0.19272 150 0.89695 19.0 0.96247 23.0 0.99644
31 001746 7.1 0.06799 11.1 0.20226 15.1 0.89897 19.1 0.96370 23.1 0.99688
3.2 0.01834 7.2 0.06966 11.2 0.21256 15.2 0.90097 19.2 0.96492 23.2 0.99731
33 0.01924 7.3 0.07135 11.3 0.22362 15.3 0.90296 19.3 0.96611 23.3 0.99771
3.4 0.02016 7.4 0.07306 11.4 0.23543 154 0.90492 19.4 0.96729 23.4 0.99810
3.5 0.02109 7.5 0.07478 11.5 0.24800 15.5 0.90686 19.5 0.96844 23.5 0.99847
3.6 0.02205 7.6 0.07653 11.6 0.26630 15.6 0.90879 19.6 0.96958 23.6 0.99881
3.7 0.02303 7.7 0.07830 11.7 0.29062 15.7 0.91069 19.7 0.97069 23.7 0.99914
3.8 0.02403 7.8 0.08008 11.8 0.32445 15.8 0.91258 19.8 0.97179 23.8 0.99945
3.9 0.02504 79 0.08189 11.9 0.37245 159 0.91444 19.9 0.97286 23.9 0.99973
40 0.02608 80 0.08371 12.0 0.46289 16.0 0.91629 20.0 0.97392 24.0 1.00000
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4.1.5 Rainfall Inter-Event Durations

Table 4-3 presents information on the number of dry days preceding a rain event based
on 53 years of rainfall records at the Detroit Metropolitan Airport. An example for
interpreting the data in Table 4-3 is as follows: over 53 years (1959 to 2013) there have
been 28 times when at least 7 days of dry weather before a rain event during the month
of June. On average then we have a period of no rain for at least 7 days in June about
once every two years (53 years divided by 28 occurrences). Similarly, during summer
months, June thru August, there have been 35 times when there was at least 10 days of
dry weather and 6 times when there was at least 14 days of dry weather.

Table 4-3 Number of Dry Days Preceding a Rain Event’
Dry Days Number of Occurrences Over 53 years (1959 to 2013)

Feb | Mar | Apr | May Jul | Aug | Sep Nov Annual | Jun-
Aug

> 3 days 73 71 85 98 110 127 | 117 | 102 | 107 93 1179 | 343

> 5 days 34 26 34 46 53 49 68 62 56 63 51 40 582 | 179
> 7 days 14 15 16 19 21 28 29 30 33 34 28 15 282 87

> 10 days 3 7 3 5 10 9 14 12 16 14 11 6 110 35
> 14 days 0 2 1 2 1 2 2 2 6 2 0 1 21 6
> 21 days 0 0 0 0 0 0 1 0 1 1 0 0 3 1

1. Only rainfall events greater than 0.10 inches of rainfall were considered for this analysis.

The information in Table 4-3 is useful when planning for periods of drought for issues
such as water harvesting, vegetation management or constructed stormwater wetlands.
The determination of the selected drought duration is the designer’s responsibility.
Different stormwater management designs have a different tolerance for the drought
duration. For example, a rainwater harvesting system used as supplemental irrigation
may be planned for a short 3-day drought duration to keep the tank size small whereas
a constructed stormwater wetland may need to plan for 2 or more weeks of dry
weather if supplemental water is not available.
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4.1.6 Evaporation

Monthly pan evaporation rates are provided in Table 4-4 (NOAA, 1982). Pan evaporation
is literally the measured rate of evaporation from a pan. Evaporation from a natural
water body is usually at a lower rate than evaporation from a pan. Summer evaporation
rates may be estimated as 0.75 times the local pan evaporation rate. The rate of
evaporation varies based on direct sunlight, wind, air pressure, temperature, and
humidity.

Table 4-4 Monthly Evaporation

Dearborn Class A Detroit Metro Airport
Pan Evaporation Estimated Pan Evaporation
Monthly (inches) Monthly (inches)
January 0.87
February 1.21
March 2.16
April 3.88 3.69
May 5.86 5.43
June 6.91 6.54
July 7.35 6.85
August 6.18 5.9
September 3.14 4.17
October 2.99 3.07
November 1.62
December 1.00
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4.1.7 Monthly Precipitation

Table 4-5 provides a summary of monthly rainfall based on the Detroit Metropolitan
Airport. Twenty-five (25) years of historical monthly precipitation is provided along with
a statistical summary for the average, high and low. Data is based on daily rainfall
values.

Table 4-5 Monthly Precipitation (inches)

Statistical Jan Feb Mar Apr May Jun Ju Aug Sep Oct Nov Dec Annual
Average 225 2.09 237 3.16 3.61 3.39 3.45 3.22 3.05 236 249 2.28 33.71
High 3.92 | 390 4.86 5.61 846 | 6.05 7.66 6.61 6.71  6.76 | 6.00 | 4.07 47.70
Low 0.42 0.63 0.74 0.69 1.18 094 1.16 0.27 0.62 0.13 0.62  0.78 27.11
Days >0.1in? 6 5 6 7 7 6 6 6 6 5 5 5 72
bistorical | Jan Feb Mar | Apr May | Jun | Jul | Aug Sep | Oct Nov Dec | Annual
1993 3.92 1.27 212 332 124 6.05 217 1.60 4.26 2.21 1.69  0.78 30.63
1994 279 | 138 229 4.04 1.18 3.97  3.20 | 3.30 2.38 135 2.74 | 2.39 31.01
1995 247 089 173 344 355 1,55 340 3.71 0.62 3.53 3.08 0.8 28.82
1996 185 1.76 | 1.56 | 3.39  2.82 237 264 043 | 442 159 | 1.99 | 2.57 27.39
1997 235 390 322 156 523 317 268 322 341 191 094 161 33.20
1998 2.60 356 362 386 246 2.69 572419 150 141 136 1.16 34.13
1999 3.00 1.98 1.12 5.13 220 5.46 3.62 1.31 3.11 156 149 222 32.20
2000 129 084 | 155|435 511 490 540 463 6.71 3.05 1.69 2.63 42.15
2001 0.69 2.88 093 320 3.70 3.40 1.16 2.87 4.28 6.76 2.35 223 34.45
2002 336 | 1.91 | 2.12 4.48  3.76 | 1.07 | 3.50 3.32 | 1.95  1.15 | 2.72 | 1.16 30.50
2003 0.42 0.66 1.46 2.07 4.73 250 2.59 436 4.27 274 297 262 31.39
2004 143 063 | 3.29 | 0.69 8.46 286 285 4.51  0.65 2.08  3.21 291 33.57
2005 3.40 3.02 0.74 166 185 195 538 1.33 1.63 0.13 4.70 252 28.31
2006 3.24 | 271 | 321 | 271 | 460 | 3.95 438 | 2.05  1.73 | 411  2.90 | 3.65 39.24
2007 3.02 0.82 3.09 2.68 256 3.10 210 6.61 1.44 200  1.77 3.48 32.67
2008 2,13 1 3561 3.17 096  2.03  4.05 3.24 | 0.27 599 1.15 | 3.31 | 4.07 33.98
2009 1.10 2.12 4.17 5.03 2.89 5.27 256 276 1.46 3.23 0.62 2.90 34.11
2010 0.76 | 1.90 | 1.07 | 2.26 | 5.31 | 542 | 596 0.59  3.32 | 1.07 | 3.34 | 1.28 32.28
2011 1.53 3.60 3.61 561 538 094 766 216 6.28 2.14 6.00 2.79 47.70
2012 3.00 | 1.91  2.95  2.15 172|131  3.67 225 247 232 | 0.72 | 2.64 27.11
2013 3.45 283 074 529 254 6.01 414 598 120 3.48 1.82 242 39.90
2014 292 282 149 257 487 4.00 243 6.32 471 236 167 141 37.57
2015 145 135 080 261 554 532 176 3.16 1.29 1.97 2.06 3.01 30.32
2016 134 202 | 486 | 231 2.20 130 157 5.62 | 6.28 298 | 2.10 | 2.16 34.74
2017 283 | 190 4.26 355 439 202 244 391 091 2.84 493 1.48 35.46

a. Average number of days with 0.10 in. precipitation or more
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4.1.8 Climate Change

As climate change warms the atmosphere, altering the hydrologic cycle, changes to the
amount, timing, form, and intensity of precipitation will continue (US Environmental
Protection Agency, 2017). Southeast Michigan has seen an 11% increase in total annual
precipitation from the 1961-1990 average to the 1981-2010 average and most models
project this trend to continue. Extreme precipitation events have become more
frequent and more intense (Great Lakes Integrated Sciences + Assessments, 2013).

At this time designing stormwater management systems and practices for estimated
future climate changes is not required.

4.2 Computational Methods

There are different methods to calculate the stormwater runoff volume and peak flow
rate from a given storm. Table 4-6 identifies the approved methodologies to use for
calculating and routing the runoff and are discussed in further detail in the sections
following the table. Other methods may be used with approval from the Department.

Table 4-6 Computational Methods

Process Description Approved Methodologies

Stormwater conveyance system sizing, Rational Method, or

including routing flow offsite through the EPA SWMM

municipal collection system

Surface runoff volume for the water quality Small Storm Hydrology or

storm Simple Method

Surface runoff generation for discrete design NRCS Curve Number Approach, or

storms (1- to 100-yr events) EPA SWMM

Detention basin volumetric sizing for large Modified Rational Method ¥,

storms (10- to 100-yr events) NRCS Curve Number Approach, or
EPA SWMM

Routing flow on site through SCMs and Approved hydrology modeling packages

stormwater controls that use and route the NRCS unit
hydrograph, or
EPA SWMM

(1) Modified Rational Method is suitable for conceptual design sizing of detention basins
but not for final design calculations.
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4.2.1 Time of Concentration

The time of concentration (t¢) is the time required for water to travel from the
hydraulically most remote point of the basin to the point of interest. The t. must be
determined to be able to use the Rational Method to estimate peak flow for sizing
storm sewer systems, or for applying unit hydrographs and NRCS curve number
methods to generate and route runoff hydrographs for sizing storm sewer systems and
stormwater controls.

The velocity method should be used for calculating the time of concentration. The
velocity method assumes that the time of concentration is the sum of travel times for
each segment along the longest flow path across the drainage area. Segments along the
flow path are typically composed of sheet flow, shallow concentrated flow, open
channel flow, and the residence time in storage systems. Refer to the National
Engineering Handbook Part 630 Hydrology, Chapter 15 for a complete discussion of time
of concentration (Natural Resources Conservation Service, 2010).

Sheet Flow

Sheet flow is overland flow of water in a thin continuous layer over the ground surface.
Travel time for sheet flow may be computed with the following equation:

_0.007(n))%®

L™ 7 (p,)05504 (4.2)
where T =travel time (hours)
n = Manning’s roughness coefficient for sheet flow (Table 4-7)
| = sheet flow length, ft.
P, = 2-year 24-hour rainfall, in (Table 4-1)
S = slope of land surface, ft./ft.
The maximum sheet flow length (/) allowed is:
100vS
[ = Vs (4.3)
n
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Table 4-7 Manning's Roughness Coefficients for Sheet Flow*

Surface Description Manning ‘n’ Manning ‘n’
Recommended Range
Value
Concrete or asphalt 0.011 0.01-0.013
Graveled surface 0.02 0.012-0.03
Bare clay-loam (eroded) 0.02 0.012-0.033
Grass
Short-grass prairie 0.15 0.10-0.20
Dense grasses? 0.24 0.17-0.30
Bermudagrass 0.41 0.30-0.48
Bluegrass sod 0.45 0.39-0.63
Woods
Light underbrush 0.40
Dense underbrush 0.80
Agriculture
Fallow (no residue) 0.05 0.006 —0.16
Cultivated soil, residue cover <20% 0.06
Cultivated soil, residue cover > 20% 0.17
Rangeland
Natural 0.13 0.01-0.32
Clipped 0.10 0.02-0.24

1. Sheet flow generally has flow depths < 0.1 ft.

2. Includes species such as weeping lovegrass, bluegrass, buffalo grass, blue gamma grass,
alfalfa, and lespedeza

Reference: (Engman, 1986) (Welle & Woodward, 1986) (Natural Resources Conservation
Service, 2010)

Shallow Concentrated Flow

Shallow concentrated flow occurs after sheet flow but before open channel flow as
sheet flow begins to concentrate along preferential flow paths in natural swales, small
rills and gullies. Shallow concentrated flow is assumed not to have a well-defined
channel and has flow depths less than 6 inches. Refer to Figure 4-4 for velocity versus
slope for shallow concentrated flow. Figure 4-4 is based on the following equation and
coefficients in Table 4-8.

Velocity = Velocity Coef ficientVS (4.4)

where:
Velocity = shallow concentrated flow velocity (ft./s)
Velocity Coefficient = based on Table 4-8 values
S = slope of land surface (ft./ft.)
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Figure 4-4 Shallow Concentrated Flow Velocity

1.000

0.100

o Slope (ft/ft)

10.0
Velocity (ft/s)

Table 4-8 Shallow Concentrated Flow Velocity Equation Coefficients

Assumed Assumed Velocity
Depth for Manning's n for Coefficient for
Shallow Flow Shallow Flow Equation (4.4)
(ft.) Condition
Pavement and small upland gullies 0.2 0.025 20.328
Grassed waterways 0.4 0.05 16.135
Nearly bare and untilled (overland flow) 0.2 0.051 9.965
Cultivated straight row crops 0.2 0.058 8.762
Short-grass pasture 0.2 0.073 6.962
Minimum tillage cultivation, contour or strip- 0.2 0.101 5.032
cropped, and woodlands
Forest with heavy ground litter and hay 0.2 0.202 2.516
meadows
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Open Channel Flow

Open channel flow is assumed to begin when shallow concentrated flow ends.
Manning’s equation should be used to estimate average flow velocity for the travel
time. Open channel flow should be used for all flow in gutters, pipes, and manmade
ditches and swales. Manning’s equation is:

1.486R?/351/2
y="
n

(4.5)

where V= velocity (ft./s)
R = hydraulic radius (ft.)
S = slope of the hydraulic grade line (ft./ft.)
n = Manning’s roughness coefficient (refer to Chapter 5)

Storage Systems

The travel time through a temporary storage system is the time required to fill the SCM.
An example of a temporary storage system is a small area of porous pavement
surrounding a catch basin. The peak flow rate entering the storage system is first
calculated. The time to fill the storage system is then calculated as the storage volume
divided by the inflow rate.

In most cases the travel time through a body of water is assumed to be negligible and is
typically ignored. This is because as water enters one end flow is assumed to exit at the
same rate.

Minimum Time of Concentration

A minimum time of concentration of 5 minutes (or 0.1 hour) should be used based on
the available rainfall data.

4.2.2 Rational Method

The Rational Method dates to 1889 and was developed to estimate the peak discharge
from a storm event. The general form of the Rational Method equation is:

Q, = CiA (4.6)

where  Q, = Peak Flow, ft3/s
C = Dimensionless runoff coefficient (Table 4-9)
i = Rainfall intensity, in/hr.
A = Drainage area, acre

A fundamental assumption inherent to the Rational formula is that rainfall intensity
remains constant across the drainage area and over the duration required to drain the
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area (equal to the time of concentration). The time of concentration (t.) is the time
required for water to travel from the hydraulically most remote point of the basin to the
point of interest (see previous section for method to determine t).

For watersheds that have long travel times, it is almost impossible to have a constant
intensity over that time duration. Hence the Rational formula is only applicable to
watersheds that have a relatively short time of concentration such as paved areas with
curb, gutters and sewers. As a general rule of thumb, the Rational formula should only
be applied to drainage areas smaller than 200 acres.

Runoff Coefficients

Runoff coefficients for recurrence interval discrete design storms up to and including a
10-year event are provided in Table 4-9. For peak flow calculations for larger storm
events, the respective multiplier from Table 4-10 should be used with the runoff
coefficient. When applying the multipliers (Table 4-10) for large storm events the
adjusted runoff coefficient cannot exceed 1.0. If the drainage area contains varying
amounts of different land cover or other abstractions, an area weighted average
composite coefficient should be used.
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Table 4-9 Runoff Coefficients (C) for Recurrence Intervals up to and including 10 years

Land Cover Lower Upper
Limit Limit

Business

Downtown 0.70 0.95

Neighborhood 0.50 0.70
Residential

Light, 1 to 3 units per acre 0.35 0.45

Medium, 3 to 6 units per acre 0.50 0.60

Dense, 6 to 15 units per acre 0.70 0.80

Apartments 0.50 0.70
Industrial

Light 0.50 0.80

Heavy 0.60 0.90
Pavement

Asphalt 0.85 0.95

Brick 0.70 0.85

Concrete 0.90 0.95

Drives and Walks 0.75 0.95

Gravel 0.85 0.85

Earth Shoulders 0.50 0.50

Grass Shoulders 0.25 0.25

Median Area, turf 0.25 0.30
Railroad yard 0.30 0.40
Roofs 0.75 0.95
Parks

Cemeteries 0.10 0.25

Playgrounds 0.20 0.40
Lawns, sandy soil

Flat, less than 2% 0.05 0.10

Average, 2 - 7% 0.10 0.15

Steep, 7% or more 0.15 0.20
Lawns, heavy soil

Flat, less than 2% 0.13 0.17

Average, 2-7% 0.18 0.22

Steep, 7% or more 0.25 0.35
Cultivated Land

Sandy soil 0.25 0.35

Heavy soil 0.50 0.60
Natural

Meadows & Pasture Land 0.25 0.35

Woodland & Forest 0.10 0.20

CHAPTER 4 — Hydrologic Procedures




Stormwater Management Design Manual

Table 4-10 Runoff Coefficient Recurrence Interval Multiplier

Recurrence Intervals Runoff Coefficient (C) Multiplier

<10 years 1.00

25 year 1.10

50 year 1.20

100 year 1.25
Rainfall Intensity

Precipitation frequency data is necessary to use the Rational method. Refer to Section
4.1.1 for information. The duration used to determine the rainfall intensity should equal
the time of concentration for the drainage area.

4.2.3 Modified Rational Method

The Modified Rational Method has historically been used to size detention basins. The
method employs a series of trapezoidal shaped hydrographs created from different
storm durations. The allowable discharge rate is subtracted from each of the runoff
volumes. The critical storm duration is the one which yields the greatest difference in
volume between the post development hydrograph and the allowable discharge rate.
The required storage volume is calculated based on the critical storm duration.

To avoid the iterative approach commonly used, regression equations describing the
critical storm duration as a function of the allowable release rate and Rational
coefficient (describing the land cover) were developed, refer to Figure 4-5. Defining the
critical storm duration eliminates the iterative solution.

The critical storm duration is calculated using the applicable equation below. The
selection of the 10- or 100-year recurrence interval is a function of the size of the
drainage area as discussed in Chapter 2.

QR —-0.979
Dy = 30.9 (7) (4.7)
QR —0.984
D100 = 49.988 (?) (4.8)

where D = critical storm duration for the 10-year event, min
D1go = critical storm duration for the 100-year event, min
C = Rational Coefficient, dimensionless, refer to Table 4-9
Qr = peak allowable discharge rate, cfs/acre
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Figure 4-5 Critical Storm Duration Regression

The required storage volume is then calculated using the following equation:

V,=605%D, *C+xAxI—60xD,*Qp*A

where A = tributary drainage area, acre
C = Rational Coefficient (dimensionless), refer to Table 4-9
» = storm duration for the n-year event, min (critical storm duration)
| = rainfall intensity (inches per hour) based on the critical storm
duration, refer to Equation (4.1)
Qr = peak allowable discharge rate, cfs/acre
V,, = required detention volume for the n-year event, ft3

4.2.4 Small Storm Hydrology

(4.9)

Trends in environmental hydrology have highlighted the importance of managing small,
frequent storms - the approximately 99% of events less than a 2-inch rainfall depth - for
both water quality and receiving channel stability (WEF and ASCE, 1998; Pitt R., 1999).

Small Storm Hydrology is a widely used method for the calculation of stormwater runoff

volume for rainfall depths typical of retention (i.e., groundwater recharge or volume
reduction) or water quality treatment criteria (i.e., 0.5 — 1.5 in) (Claytor & Schueler,
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1996; SEMCOG, 2008; CALTRANS, 2015) and has been suggested by MDEQ as a method
to determine the runoff volume that must be managed to meet the City’s water quality
treatment performance standards (MDEQ, 2014). A primary reason for the use of small
storm hydrology is that the curve number method is not intended to be used for small
rainfall events (Hawkins, Ward, Woodward, & Mullem, 2009; Claytor & Schueler, 1996).
Small storm hydrology can be expressed as:

Vrunoff =Rv*PxA (410)

where  Viunoff = volume of runoff
Rv = volumetric runoff coefficient
P =rainfall depth
A=area

See Chapter 2 for a discussion of the City’s water quality performance standards. The
area value is equal to a project’s regulated area as discussed in Chapter 2.

The volumetric runoff coefficient (Rv) for a land use is an empirically derived value that
indicates the fraction of rainfall that is converted into runoff for that land use (Pitt R. E.,
1987; Schueler, 1987). The most common ways Rv is determined include: (1) from a
linear regression equation in which Rv is a function of the impervious area within the
contributing drainage area; (2) a polynomial equation as a function of impervious area,
(3) from look-up tables in which Rv is a function of both land use/cover and rainfall
depth, and (4) a hybrid approach from the first 3 methods. The regression equation
methods (Methods 1 and 2) provide a quick and easy approach appropriate for
conceptual design applications. Final design applications should utilize the tabular
method (Method 3).

Method 1: Linear Regression Equation for Rv

A common small storm hydrology method for predicting runoff volume establishes Rv as
a linear relationship with impervious area (Schueler, 1987). This is sometimes referred
to as the Simple Method or Shortcut Method.

Rv = 0.05 + 0.009 * I (4.11)

where  Rv = volumetric runoff coefficient
| = percent impervious (0-100)

The equation is based on data from the Nationwide Urban Runoff Program (NURP) (U.S.
Environmental Protection Agency, 1983). This relationship is used by several states or
municipalities to estimate runoff volume for smaller storms (CALTRANS, 2015), and has
been used in the Simple Method water quality model for estimating pollutant loads
since its introduction by Schueler (Schueler, 1987). Other relationships between Rv and
impervious area have been proposed but are used less widely (CALTRANS, 2015).
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Method 2: Polynomial Regression Equation for Rv

A third order polynomial equation was also developed from the NURP data (WEF and
ASCE, 1998). A key point illustrated by the third order polynomial equation is the degree
to which Rv may not be a linear function.

3 2

R —0858(1) 078(1> +0774(I)+004 (4.12)
V=199 100 {100 77 \100) T '

where  Rv = volumetric runoff coefficient
| = percent impervious (0-100)

Method 3: Tabular Method for Rv

A more refined version of small storm hydrology utilizes Rv’s that both: (1) are specific
to the individual land uses or land covers present in the tributary drainage area; and (2)
change with the depth of the rainfall event. Refer to Table 4-11 for a look-up table that
lists the Rv’s separately based on land cover and rainfall depth. This approach allows for
subtle or not-so-subtle differences in runoff generation among impervious land surfaces
(e.g., pitched roofs vs flat roofs vs smooth pavement vs rough pavement) or among
pervious land surfaces (e.g., sandy vs clayey soils). The runoff volume from the
impervious area is calculated from an area-weighted Rv:

_ Rvyx Ay + Rvy * Ay + Rvz * A3+ ... +Rv, * Ay

Rv (4.13)

Atotal

where Rv, = volumetric runoff coefficient for a land cover
A, = tributary drainage area for a land cover

For rainfall depths that fall between values in the table, the Rv is determined by
interpolation.

CHAPTER 4 — Hydrologic Procedures




Stormwater Management Design Manual

Method 4: Hybrid Approach for Rv

Several states and municipalities have taken a hybrid approach between the previously
discussed methods to simplify implementation but still provide some level of specificity
or flexibility where it supports program goals. In such cases, all impervious areas are
typically assigned a single Rv value (e.g., Rv = 0.9 or Rv = 0.95) for the target rainfall
event depth, whereas pervious areas may have varied Rv values to reflect soil type.

Table 4-11 Volumetric Runoff Coefficients

at Roo ed e pe 0 0 0
ge Roo ge e d B
paved o[ ped &D
Pa g Are Road
0.5 0.75 0.94 0.97 0.62 0.02 0.09 0.17
1.0 0.84 0.97 0.97 0.67 0.02 0.12 0.21
1.5 0.88 0.99 0.99 0.77 0.05 0.15 0.24

Figure 4-6 Volumetric Runoff Coefficients (Pitt 1987)
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4.2.5 Curve Number Method

The Natural Resources Conservation Service (NRCS) curve number (CN) method may be
used to estimate the direct runoff volume from a storm event. When coupled with a
unit hydrograph approach, the curve number method may be used to estimate a
complete runoff hydrograph including runoff rate and volume over the duration of the
storm event. The fundamental curve number runoff equation is:

_ (P - Ia)z
Q—mforP>Ia (4.14)
Q=0forP<I, (4.15)

where Q = depth of runoff, in
P = depth of rainfall, in
I, = initial abstraction, in
S = maximum potential retention, in

The maximum potential retention (S) is related to the curve numbers (CN) by:

1000
T (10+9)

where CN = Curve Number, dimensionless (Table 4-12)
S = maximum potential retention, in

(4.16)

Initial Abstraction

An empirical relationship between initial abstraction (l.) and potential maximum
retention (S) is often assumed as:

I, =AS (4.17)

Where A (lambda) is historically assumed to be a constant and has been customarily
taken as A=0.20.

After substituting the assumed initial abstraction coefficient (A=0.20) the general
rainfall-runoff relationship is:

_(P—0.25)*

¢= (P + 0.85)

forP>1, (4.18)
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Researchers have reevaluated the relationship and suggest a value of A of 0.05 provides
a more appropriate fit for general applications (Hawkins & Khojeini, 2000; Jiang, 2001).
A value of A = 0.05 is allowed, however the CN coefficients must be adjusted from the
standard CN tables which assume A=0.20. Converting standard CN’s to an equivalent CN
based on A=0.05 may be done with the following equation (Hawkins, Ward, Woodward,
& Mullem, 2009):

100

100 115 (4.19)
<1.879 (CN—020 - 1) + 1)

CNp s =

where CNos=CN based on A=0.05
CNo.20=CN based on A=0.20 (Table 4-12)

November 2018




Stormwater Management Design Manual

Hydrologic Soil-Cover Complexes

A combination of a hydrologic soil group and a land use and treatment class is a
hydrologic soil-cover complex. Refer to Table 4-12 for acceptable curve number
coefficients for each land cover description. The hydrologic soil group should be
determined by the soil data from the NRCS’s Web Soil Survey. Chapter 6, Soil, Aggregate
and Water, contains additional information on hydrologic soil groups.

Table 4-12 Curve Number Coefficients

Land Cover Description V) Hydrologic Soil Group
Commercial and Business (est. 85% impervious) 89 92 94 95
Industrial (est. 72% impervious) 81 88 91 93
Residential
1/8-acre lot (town houses) (est. 65% impervious) 77 8 | 90 92
1/4-acre lot (est. 38% impervious) 61 | 75 | 83 | 87
1/3acre lot (est. 30% impervious) 57 72 81 86
1/2-acre lot (est. 25% impervious) 54 | 70 | 80 | 85
1-acre lot (est. 20% impervious) 51 68 79 84
2-acre lot (est. 12% impervious) 46 65 77 @ 82
Developing; Newly Graded (pervious only, no vegetation) 77 8 91 94
Urban Open Space (lawns, parks, golf, cemeteries)
Poor (grass cover <50%) 68 79 86 89
Fair (grass cover 50% to 75%) 49 69 79 84
Good (grass cover >75%) 39 61 74 80
Urban; Paved Parking, Roofs, Driveways (excl. ROW); 100% impervious 98 98 98 98
Streets and Roads
Paved; curbs and storm sewers (excl. ROW) 98 98 98 98
Paved; open ditches (incl. ROW) 83 89 92 93
Gravel (incl. ROW) 76 | 8 | 89 | 91
Dirt (incl. ROW) 72 82 87 89
Rural, farmstead-building, lanes, driveways, and surrounding lots 59 74 82 86
Natural
Brush, Forb, Grass Mix, Poor vegetation cover 48 67 77 83
Brush, Forb, Grass Mix, Fair vegetation cover 35 56 70 77
Brush, Forb, Grass Mix, Good vegetation cover ? 30 48 | 65 | 73
Woods, Poor vegetation cover, Destroyed by Grazing or Burning 45 66 77 83
Woods, Fair vegetation cover, Grazed but not Burned, some forest liter 36 60 73 79
Woods, Good vegetation cover, Protected from Grazing, litter/brush cover 30 55 70 77
Mix; Woods-Grass Combination, Orchard, Tree Farm; Poor 57 73 82 86
Mix; Woods-Grass Combination, Orchard, Tree Farm; Fair 43 65 76 82
Mix; Woods-Grass Combination, Orchard, Tree Farm; Good 32 58 72 79
Water 100 100 100 100

(1) All curve numbers assume A=0.20.
(2) Assumed natural condition.
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Subwatershed Delineation

The time of concentration for pervious areas is typically much larger than disconnected
impervious. Similarly, the time of concentration for disconnected impervious is much
larger than connected impervious areas. Since the times of concentration are so
disparate combining them into the same watershed greatly underestimates the
combined discharge peak because the discharge characteristics of the impervious
area(s) are sharply muted. Therefore, the pervious, directly connected impervious and
disconnected impervious areas should all be considered as separate subwatersheds.

Weighted Runoff (Q) verse Weighted CN

Calculating the runoff from subwatersheds having more than one hydrologic soil-cover
complex may be done one of two ways. A common approach is to calculate a weighted
average CN based on drainage area first and then use the weighted average CN to
compute runoff. This method requires less work than a weighted runoff approach,
however, where differences in CN for the various subwatersheds are large, this method
leads to inaccurate runoff volumes. A weighted CN approach is not allowed.

The preferred approach is to compute the runoff independently from each
subwatershed using the unique hydrologic soil-cover complex. A weighted runoff
volume is then computed from each subwatershed.

Small Storms

Curve numbers were originally developed based on annual flood flows and the most
common application was to determine a design discharge for 25-year events to
probable maximum floods. The method generally does not work well for when the
runoff is a small fraction of the rainfall, (i.e., CN’s are low or rainfall values are small). As
a general guideline, runoff from rainfall events smaller than 1 to 1.5 inches should be
computed with a method other than the CN method.

Unit Hydrograph

The Curve Number method may be coupled with a unit hydrograph to estimate the
resulting runoff hydrograph from an event. Refer to the National Engineering Handbook
Part 630 Hydrology, Chapter 16 for a complete discussion of unit hydrograph application
(Natural Resources Conservation Service, 2007). Attention should be paid to the
assumed peak rate factor. The default value of 484 may not be applicable and some
computer programs do allow altering the value.

4.2.6 EPA SWMM

USEPA’s Storm Water Management Model (SWMM) is an acceptable model for
computing and routing runoff from a site. SWMM is a public domain software. It may be
used for single event or continuous simulations. SWMM includes a specialized “LID
Controls” editor to model seven different types of green stormwater infrastructure
practices: permeable pavement, rain gardens (bioretention practices), green roofs,
street planters, rain barrels, infiltration trenches, and vegetative swales. Note because
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the LID Controls are simplified representations of the green stormwater infrastructure
practices, they may not be able to accurately model every design scenario.

The EPA SWMM engine is incorporated into several third-party computer modeling
software packages. When using SWMM: (1) the most recent version of the EPA software
shall be used; and (2) any models submitted shall be the EPA version of SWMM, not a
version exclusive to a third-party software package.

Additional information and resources are available on the USEPA’s SWMM website.
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5. Drainage Conveyance

The purpose of this chapter is to provide standards and criteria to ensure the safe and effective
conveyance of stormwater through a storm drainage system in a manner consistent with the protection
of public health, safety and welfare; the protection and function of infrastructure and other
improvements; and maintenance or improvement of water and environmental quality in the City of
Detroit and its surface waters.

This chapter provides guidance on the conveyance of stormwater drainage including open channels,
culverts, and storm sewers. Aspects of stormwater drainage design such as pavement drainage, gutter
flow calculations, inlet sizing, pipe and channel sizing, and hydraulic grade line calculations are included.
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5.1 Stormwater Conveyance Systems

Stormwater conveyance systems may consist of natural streams, channels, vegetated
swales, open ditches, closed conduits or a combination of methods to convey
stormwater. The applicant must construct drainage facilities in accordance with the
City’s minimum specifications presented in this manual. Other standards may apply
depending on location of the outlet.

5.2 Hydraulic Calculations

5.2.1 Introduction

Hydraulic calculations are used to size conduits or open channels to handle the design
flows calculated from hydrologic calculations. The hydraulic capacity of a storm sewer
conduit or culvert can be calculated for the two types of conditions typically referred to
as gravity and pressure flow. Open channel facilities are evaluated considering only
gravity flow.

When the discharge point is not submerged, a flow depth should be calculated at a
known control section to establish a starting elevation. The hydraulic grade line is then
projected from the starting elevation to the upstream manhole. Computations continue
from downstream to upstream for typical subcritical flow conditions. In cases of
supercritical flow conditions, calculations start upstream and go in the downstream
direction. Pressure flow calculations may be used at the manhole if the hydraulic grade
is above the pipe crown.

The assumption of straight hydraulic grade lines is not entirely correct, since backwater
and drawdown conditions can exist, but is generally reasonable. It is also usually
appropriate to assume the hydraulic grade calculations begin at the crown of the outlet
pipe for simple, non-submerged systems. If additional accuracy is needed, as with very
large conduits or where the result can greatly affect design, backwater and drawdown
curves should be developed.

5.2.2 Tailwater

For most design applications where the flow is subcritical, the tailwater will either be
above the crown of the outlet or can be between the crown and critical depth. To
determine the EGL, begin with either the tailwater elevation or (d. + D)/2, whichever is
higher; add the velocity head for full flow; and proceed upstream, adding appropriate
losses (e.g., exit, friction, junction, bend, entrance).

An exception to the above procedure is an outfall with low tailwater. In this case, a
water surface profile calculation would be appropriate to determine the location where
the water surface will either intersect the top or end of the barrel and full-flow
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calculations can begin. In this case, the downstream water surface elevation would be
based on critical depth or the tailwater, whichever is higher.

When estimating tailwater depth on the receiving stream, consider the coincidental
probability of two events occurring at the same time. A short duration storm which
causes peak discharges on a small basin may not be critical for a larger basin. Also, it
may safely be assumed that if the same storm causes peak discharges on both basins,
the peaks will be out of phase. Refer to Table 5-1 for tailwater recurrence interval
selection (MDOT, 2006).

Table 5-1 Frequency of Coincidental Occurrences

Area Ratio 10 Percent (10-Year) 2 Percent (50-Year)
(Receiving System to Chance Storm in Chance Storm in
Contributing System) Contributing System Contributing System

Receiving System Receiving System
Recurrence Interval Recurrence Interval
10,000 to 1 100% (1-yr) 50% (2-yr)
1,000to 1 50% (2-yr) 20% (5-yr)
100to 1 20% (5-yr) 10% (10-yr)
10to 1 10% (10-yr) 4% (25-yr)
lto1l 10% (10-yr) 2% (50-yr)

5.3 Open Channels

Open channels are surface drainage features designed, constructed and maintained to
convey stormwater runoff without allowing channel erosion. Important design
parameters for open channels include return period of the design event, channel slope,
channel geometry, vegetation type and freeboard. Roadside ditches are considered
open channels.

5.3.1 Design Storm

Open channels, including roadside ditches, shall be designed for the 10 percent chance
(10-year) storm. In special cases the channel shall be designed to carry the 2 percent
chance (50-year) frequency event. Design conditions should not cause erosion,
sedimentation or overbank flooding.

Other considerations include inconvenience, hazards, and nuisances to pedestrian traffic
and building which are located within the splash zone. These considerations should not
be underestimated and, in some locations (such as commercial areas), may assume
major importance.
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5.3.2 Slope and Hydraulic Gradient

The hydraulic grade line must be a minimum of 1.0 ft. below the edge of the road
shoulder or gutter grade.

The velocity shall be between 2 and 8 feet per second based on the design storm flow
condition.

The minimum allowable grade is 0.1 percent. A minimum grade of 0.3 percent is
recommended. Channel slopes shall be stabilized against erosion by either adequate
vegetation or protective armoring.

5.3.3 Channel Shape

Trapezoidal or parabolic cross sections shall be used, with a minimum 2-foot bottom
width for trapezoidal channels is recommended. Triangular or ‘V’ shaped channels may
be used.

Channel side slopes shall be stable throughout the length of the channel. A maximum
side slope 1V:3H shall be used to ensure slope stability. Side slopes of 1V:4H or flatter
are recommended to facilitate maintenance.

Two-stage channel design should be considered in the design of channels with large
cross sections to help with channel stability. As a rule-of-thumb, channels with design
flows greater than 100 ft3/s may be considered to have large cross sections. Channels
with base flow conditions or other natural features should also be designed as two-
stage channels. Refer to the NRCS National Engineering Handbook Part 654 for
information on two-stage channel design (NRCS, 2007).

Figure 5-1 Two-stage channel
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5.3.4 Stable Channel Design

Channels shall be designed to be stable; meaning that the channel lining effectively
resists the erosive forces of the flow for design conditions. Attention should be paid to
flow around a bend in a channel, at culvert entrances and exits, and where concentrated
flow enters the channel (e.g. a pipe discharging into the channel).

Lining materials may be classified as flexible or rigid. Flexible lining materials, such as
grass and riprap, are limited in the erosive forces they can sustain without damaging the
channel. A rigid lining, such as concrete, can typically provide greater erosion resistance.
A temporary or biodegradable (net or mat type) channel liner may be necessary to
prevent erosion until vegetation seeding becomes established and the channel lining is
stabilized. Table 5-2 provides guidelines on channel stabilization treatments.

Table 5-2 Channel Stabilization Guidelines

Lining Grade

Seed and Mulch <0.5%

Standard Mulch Blanket 0.5% to 1.5%

High Velocity Mulch Blanket or Sod 1.5% to 3.0%

Turf Reinforcement Mat or Cobble 3.0% to 6.0%

Specific Design Required > 6%
(MDOT, 2006)

Additional recommended information on stable channel design includes:

e Michigan Nonpoint Source Best Management Practices Manual by Michigan
DEQ (MDEQ, 2017)
e Design of Roadside Channels with Flexible Linings by FHWA (FHWA, 2005)

5.4 Culverts

Culverts are contained within open channels and are used to safely convey water from
one side of a roadway, driveway or embankment to the other.

Culverts shall be sized using the nomographs presented in the MDOT Drainage Manual
or the FHWA report Hydraulic Design of Highway Culverts, or using the following
approved computer software programs:

a) HY8 (FHWA Culvert Analysis Software)
b) HEC-RAS (Hydraulic Engineering Center — Riverine Analysis Systems)

As presented in the FHWA report, the two basic types of culvert control sections are
inlet and outlet control. The control section for inlet control is just inside the entrance,
and critical depth occurs at or near this location. The control section for outlet control is
located at the barrel exit or downstream from the culvert. Either partially full subcritical
flow or full pipe pressure flow conditions can occur.
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If inlet control exists, the culvert barrel could possibly carry more flow than the inlet will
accept, and if this is the case, a tapered inlet could be used to increase capacity up to
the outlet capacity. If outlet control exists, the culvert barrel would have to be increased
to add capacity. Once a culvert size has been determined from the nomographs,
reductions may be warranted if storage occurs at the culvert embankment.

5.4.1 Application Categories

For consistency, culvert applications are divided into two major categories, cross drains
and side drains:

Cross Drain

A cross drain is a culvert placed transversely under roadway sections, with end walls or
some other end treatment. Because cross-drain installations are normally under
pavement, they shall have at least premium joint-RCP to prevent soil migration. Leaking
joints can cause uneven and differential settling of road surfaces or adjacent buildings.

Side Drain

This culvert is generally a pipe used longitudinally in roadway ditches under driveways
or graded connections.

5.4.2 Design Storm

Culverts shall be designed, constructed and maintained to convey the same design
storm as identified for the open channel.

5.4.3 Allowable Headwater

The allowable headwater elevation can be established from an evaluation of land use
upstream of the culvert and the proposed or existing roadway elevation. In general, the
constraint that gives the lowest allowable headwater elevation should establish the
basis for hydraulic calculations. The following criteria should be considered:

Backwater Impacts and Flood Elevations

Non-damaging or permissible upstream flooding elevations (e.g., existing buildings or
flood insurance rate map elevations) should be identified and headwater for the design
discharge kept a minimum of 1 ft. below. Level pool backwater conditions should be
evaluated upstream from the culvert to ensure that building flooding does not occur for
the 100-year, 24-hour design storm.

Maximum Allowable Headwater

Headwater depth for cross-drain design discharge shall not exceed a height greater than
1 ft. below the edge of the shoulder of a road. Headwater depth for side-drain discharge
shall not exceed the height of the near edge of pavement for driveway culverts or
bicycle pathways.
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5.4.4 Design Tailwater

The hydraulic conditions downstream of the culvert site should be evaluated to
determine a tailwater depth for the design discharge. This is a crucial factor in
determining culvert capacity under outlet control conditions. The determination shall
consider downstream constraints, obstructions, or other hydraulic features that may
create backwater at the culvert outlet. For culverts that discharge to an open channel,
the normal depth of flow in the channel must be determined. If the culvert outlet is
operating in a free-fall condition (e.g., a cantilever pipe), the critical depth and
equivalent hydraulic grade line shall be determined. Guidance for performing these
evaluations is available in the Hydraulic Design of Highway Culverts (FHWA, 2012)
report.

5.4.5 End Treatments

End treatment facilities shall be consistent with hydraulic requirements, and consider
bank stability, safety, and costs. Entrance loss coefficients (k) summarized in Table 5-3
shall be used in design.

5.4.6 Velocity Limitations

Both minimum and maximum velocities shall be considered when designing a culvert. A
minimum velocity of 2.5 feet per second for full culvert flow shall be used to ensure a
self-cleaning condition during partial depth flow.

Culvert outlet velocities shall be calculated to determine the need for erosion protection
at the culvert exit. Culverts usually result in outlet velocities which are higher than the
open channel velocities. These outlet velocities may require flow readjustment or
energy dissipation to prevent downstream erosion. Outlet velocities less than 6.0 ft/s
will generally not require special treatment if a headwall or end section is used.

5.4.7 Length, Slope, and Size

The length and slope of a culvert shall be based on the bottom of the stream or channel
being conveyed, the geometry of the roadway embankment, and the skew angle of the
culvert. A culvert slope near the existing topography should be chosen. The minimum
culvert size is 12 inches.
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Table 5-3 Culvert Entrance Loss Coefficients

Type of Structure and Design of Entrance Entrance

Coefficient,
ke

Pipe, concrete

Projecting from fill, socket end (groove-end) 0.2
Projecting from fill, square-cut end 0.5
Headwall or headway and wingwalls

Socket end of pipe (groove-end) 0.2

Square edge 0.5

Rounded (radius = 1/12 D) 0.2
Mitered to conform to fill slope 0.7
End section conforming to fill slope 2 0.5
Beveled edges, 33.7° or 45° bevels 0.2
Side- or sloped-tapered inlet 0.2
Pipe or Pipe Arch, Corrugated Metal
Projecting from fill (no headway) 0.9
Headway or headway and wingwalls square-edge 0.5
Mitered to conform to fill slope, paved or unpaved slope 0.7
End section conforming to fill slope ® 0.5
Beveled edges, 33.7° or 45° bevels 0.2
Side- or slope-tapered inlet 0.2

Box, Reinforced Concrete
Headway parallel to embankment (no wingwalls)

Square-edged on three edges 0.5

Rounded on 3 edges to radius of 1/12-barrel dimension, or beveled edges on 3 sides 0.2
Wingwalls at 30° or 75° to barrel

Square-edged at crown 0.4

Crown edge rounded to radius of 1/12-barrel dimension, or beveled top edge 0.2
Wingwall at 10° to 25° to barrel

Square-edged at crown 0.5
Wingwalls parallel (extension of sides)

Square-edged at crown 0.7

Side- or slope-tapered inlet 0.2

(a) End section conforming to fill slope, made of either metal or concrete, is the section commonly available
from manufacturers. From limited hydraulic tests, the sections are equivalent in operation to a headway in
both inlet and outlet control. End sections that incorporate a closed taper in their design have a superior
hydraulic performance.
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5.5 Gutter Flow

5.5.1 Water Spread

The top width of the open channel flow in the gutter is considered the spread. In
general, the water spread should be limited to a specified width for the selected design
frequency. For storms of greater magnitude, the spread can be allowed to use most of
the pavement as an open channel.

Table 5-4 Design Frequency and Spread for Roadways

Roadway Classification Design Frequency Design Spread
High Volume <45 mph  10-yr Shoulder + 3 ft.
>45 mph 10-yr Shoulder
Sag point  50-yr Shoulder + 3 ft.
Collector <45 mph 10-yr % driving lane
>45 mph 10-yr Shoulder
Sag point  10-yr % driving lane
Local Streets Low ADT  5-yr % driving lane
High ADT  10-yr % driving lane
Sag point  10-yr % driving lane

The spread width may be adjusted if warranted by an assessment of the costs vs. risks. If
the above spread requirement results in very close inlet spacing (i.e., 100 ft. or less),
then alternative drainage interceptors may be considered.

5.5.2 Gutter Flow Calculations
Introduction

Gutter flow calculations are necessary to relate the quantity of flow (Q) in the curbed
channel to the spread of water on the shoulder, parking lane, or traveled way section.
This section discusses uniform cross slope roadways and composite gutter sections.
Composite gutter sections have a greater hydraulic capacity and are therefore
preferred. Figure 5-2 presents schematics of typical gutter sections. If one of the swale
sections illustrated in Figure 5-2 are proposed, see HEC-22 (FHWA, 2013) for procedures
for calculating spread.
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Figure 5-2 Typical Curb and Gutter Sections

Capacity Relationship

A modification of Manning’s equation can be used for computing flow in triangular
channels with Equation (5.1) or in terms of the flow width with Equation (5.26)

0 = (K, /n)S, 75, 05T267 -
r= [(Qn)/(Kqu1'675L0.5)]0.375 )

where Q= flow rate, ft3/s
Ky =0.56
n = Manning’s coefficient, refer to Section 5.12
Sx = cross slope, ft./ft.
S, = longitudinal slope, ft./ft.
T = width of flow (spread), ft.

Composite Gutter Section Procedure

The design of a composite gutter section requires the consideration of flow in the
depressed segment of the gutter, Qu. The equations provided below can be used to
determine the flow in a width of gutter in a composite cross section, W, less than the
total spread, T.
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Sw/Sx

Sw/Sx 2.67 }
(T/W)—-1

Qw =0 -0
Q=Qs/(1_Eo)

where  E, = ratio of flow in the depressed section to the total flow,
Sx = cross slope of the gutter, ft./ft.
Sw = Sx + a/W, refer to Figure 5-6
T = top width of water surface, ft.
W = gutter depression width, ft.
Quw = flow rate in the depressed section of the gutter, ft3/s
Q = gutter flow rate, ft3/s
Qs = flow capacity of the gutter section above the depressed section,
ft3/s

E0=1/ 1+
[1+

5.6 Inlets

5.6.1 Inlet Types

Grate inlets and the depression of curb opening inlets should be located
outside the through traffic lanes to minimize the shifting of vehicles
attempting to avoid them. All grate inlets should be bicycle safe where
used on roadways that allow bicycle travel.

Inlets used to collect surface water from pavement may be grouped into
four major classes. These classes include: grate inlets, curb opening
inlets, combination inlets, and slotted drain inlets. This section discusses
the several types of inlets used and provides guidelines on the use of
each type.

Figure 5-3 Inlet Types
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Grate Inlets

These inlets consist of an opening in the gutter covered by one or more grates. They are
best suited for use on continuous grades. Because they are susceptible to clogging with
debris, the use of standard grate inlets at sag points should be limited to minor sag point
locations without debris potential. Special-design (oversize) grate inlets can be used at
major sag points if sufficient capacity is provided for clogging. Otherwise, flanking inlets
are needed.

A flat grate inlet is the standard inlet type in Detroit. Three grate choices are available: a
standard grate and two throttled catch basin covers.

Figure 5-4 Standard Grates

Curb-Opening Inlets

These inlets provide openings in the curb covered by a top slab. Curb-opening inlets are
preferred at sag points because they can convey significant quantities of water and
debris. They may also be a viable alternative to grates in many locations where grates
may be hazardous for pedestrians or bicyclists. They are generally not the first choice for
use on continuous grades because of their poor hydraulic capacity.
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Combination Inlets

Several types of combination inlets are in use. Curb-opening and grate combinations are
common, some with the curb opening upstream of the grate and some with the curb
opening adjacent to the grate. The gutter grade, cross slope, and proximity of the inlets
to each other are significant factors when selecting this type of inlet. Combination inlets
may be desirable in sags because they can provide additional capacity in the event of

plugging.
Slotted Drain Inlets

These inlets consist of a slotted opening with bars perpendicular to the opening. Slotted
inlets function as weirs because the flow usually enters perpendicular to the slot. They
can be used to intercept sheet flow, collect gutter flow with or without curbs, modify
existing systems to accommodate roadway widening or increased runoff, and reduce
ponding depth and spread at grate inlets.

Slotted corrugated metal pipes may be used in median crossovers and, at times, in curb
and gutter sections where large volumes of water need to be picked up. Slotted
reinforced concrete pipe may be used as a median drain.

5.6.2 Inlet Location, Spacing and Capacity

Drainage inlets are sized and located to limit the spread of water on the roadway to
allowable widths for the design storm as specified in Section 5.5.1. In addition, there are
many locations where inlets may be necessary with little regard to contributing drainage
area. Examples of such locations are all low points in the gutter grade or inlet spacing on
continuous grades.

Figure 5-5 Example inlet locations

The following are guidelines for choosing inlet locations:

e Regardless of the results of the hydraulic analysis, inlets on grade should be
spaced at a maximum of 300 ft. for 48 in. or smaller pipes.

e Inlets on grade should be spaced at a maximum of 600 ft. for pipes larger than
48 in.
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e Inlets should be placed on the upstream side of bridge approaches.

e Inlets should be placed at all low points in the gutter grade.

e Inlets should be placed at points on either side of the low point that are 0.2 foot
higher than the low point, or a maximum of 75 feet either side of the low point.
Other alternatives, such as slotted drains, may be considered in lieu of
additional catch basins. This applies in long sags.

e Inlets should be placed on both sides of cross streets that drain toward the
roadway. Water should never be carried across intersections or crosswalks in
valley gutters or troughs.

e Inlets should be placed on the upstream side of a driveway entrance, curb-cut
ramp, or pedestrian crosswalk even if the hydraulic analysis places the inlet
further downgrade or within the feature.

e Inlets should be placed upstream of median breaks.

e Inlets should be placed to capture flow from intersecting streets before it
reaches the major highway.

e Flanking inlets in sag vertical curves are standard practice.

e Inlets should be placed to prevent water from sheeting across a roadway
highway (i.e., place the inlet before a superelevation transition begins).

e Inlets should not be in the path where pedestrians walk.

e Inlets should be placed behind shoulders or back of sidewalks to drain low
spots.

e For concrete pavements, catch basins should not be placed at spring points of
street intersections as they interfere with the construction of the expansion
joint at that location. They should be placed 10 feet either side of the spring
line, or at the midpoint of the arc if detailed grades indicate that location as the
low spot in the grade.

e The use of 24-inch-diameter catch basins should be limited to upstream ends of
sewer runs where the run to the next drainage structure is 65 feet or less, and
where the structure depth does not exceed 8 feet. Use 48-inch-diameter
drainage structures for catch basins in all other locations.

e Do not locate drainage structures in line with a sidewalk ramp. Except where
existing structures are being used, the location of the ramp takes precedence
over the location of the drainage structures. Grades may need to be adjusted to
accomplish this.

5.6.3 Spacing Process

Locate inlets from the crest and work downgrade to the sag points. The location of the
first inlet from the crest can be found by determining the length of pavement and the
area behind the curb sloping toward the roadway that will generate the design runoff.
The design runoff can be computed as the maximum allowable flow in the curbed
channel that will meet the design frequency and allowable water spread.

To space successive downgrade inlets, it is necessary to compute the amount of flow
that will be intercepted by the inlet (Q;) and subtract it from the total gutter flow to
compute the bypass. The bypass from the first inlet is added to the computed flow to
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the second inlet, the total of which must be less than the maximum allowable flow
dictated by the allowable water spread.

5.6.4 Curb-Opening Inlets

Curb-opening inlets are effective in the drainage of pavements where flow depth at the
curb is sufficient for the inlet to perform efficiently. Curb openings are relatively free of
clogging tendencies and offer little interference to traffic operation. They are a viable
alternative to grates in many locations where grates would be in traffic lanes or would
be hazardous for pedestrians or bicyclists. Curb openings are also a very common
approach to route drainage into a bioretention system and other GSI practices.

Curb-Opening Inlets at Grade

The length of a curb-opening inlet required for total interception of gutter flow on a
pavement section with a straight cross slope is expressed by:

1 106
L-=K 0.42 S 0.3 [_] (56)
r=KQU2(5)0% |-
where Ly = curb-opening length required to intercept 100% of the gutter
flow, ft.
K=0.6

Q = peak flow, ft3/s

n = Manning roughness coefficient, refer to Section 5.12
S. = longitudinal slope of the gutter, ft./ ft.

Sx = cross slope of the gutter, ft./ft.

The length of inlet required for total interception by depressed curb-opening inlets or
curb openings in depressed gutter sections or for a continuously depressed gutter
(composite gutter) can be found by substituting the equivalent cross slope (Sg) given by
Equation (5.7) for the cross slope (Sx) in Equation (5.6). Refer also to Figure 5-6 for an
illustration of a depressed curb opening cross section.

SE = SX + S,WEO (5.7)
Sy = — (5.8)
w — W *

where  Sg = equivalent cross slope of a depressed curb opening, ft./ft.
Sx = cross slope of the gutter, ft./ft.
S’w = cross slope of the gutter measured from the cross slope of the
pavement ft./ft.
a = gutter depression depth, ft.
W = gutter depression width, ft.
E, = ratio of flow in the depressed section to the total flow, refer to
Equation (5.3)
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Figure 5-6 Depressed Curb Opening Cross Section

Curb-Opening Inlets in Sag

The capacity of a curb-opening inlet in a sag depends on the water depth at the curb,
the curb-opening length, and the height of the curb opening. The inlet operates as a
weir to depths equal to the curb-opening height and as an orifice at depths greater than
1.4 times the opening height. At depths between 1.0 and 1.4 times the opening height,
flow is in a transition stage.

The equation for the interception capacity of a uniform curb-opening inlet operating as
a weir is given by Equation (5.9). The weir equation for depressed curb-opening inlets is
given by Equation (5.26).

Q; = CyLd™® (5.9)
Q; = Cy (L + 1.8W)d's (5.10)

where Q= flow rate, ft3/s, intercepted by the opening
Cw = weir coefficient
Cw = 3.0 for curb-openings without a depression
Cw = 2.3 for depressed curb-openings
L = length of curb opening, ft.
W = gutter depression width, ft.
d = depth of water at curb measured from the normal cross slope, ft.
d=TSx for a uniform gutter
d=a+TSx for a composite section

The weir equation is applicable to depths at the curb less than or equal to the height of
the opening plus the depth of the depression.

Curb-opening inlets operate as orifices at depths greater than approximately 1.4 times
the height of the curb opening. The interception capacity can be computed by Equation
(5.26). The depth at the inlet includes any gutter depression.
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Q; = CohL[2g(d,)]°> (5.11)

where  Q; = flow rate, ft3/s, intercepted by the opening
Co = orifice coefficient, Co=0.67
h = height of curb-opening orifice, ft.
L = length of orifice opening, ft.
g = acceleration due to gravity, 32.2 ft/s?
do = effective head on the center of the orifice throat, ft.

5.6.5 Inlet Structures

Drop structures and catch basins are used at the inlet to allow runoff to enter the sewer
system. The structures also provide access for maintenance and operation. Inlet
structures shall incorporate elements to capture floatable debris or sediment.

Catch basins may be connected in series before discharging to the sewer system. The
minimum diameter of a catch basin receiving flow from another catch basin is 4 ft.

Inlets connecting to a combined sewer system must incorporate a water trap to prevent
odors from the combined sewer from reaching the surface. When catch basins are
connected in series and discharge to a combined sewer, a single water trap may be used
at the catch basin structure immediately upstream of the combined sewer.

Standard Inlet Structures

Figure 5-7 illustrates standard inlet structures used along roadways.
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Sumps

A sump may be incorporated into the design of an inlet to capture and retain sediment
during low flow conditions. High flow conditions may exhibit significant washout of the
captured sediment. Deeper sumps and frequent cleaning are required to minimize
sediment washout. Sediment sump should be cleaned when the sediment reaches 40-
50% of the sump capacity. A maintenance schedule shall be provided with the design of
inlets with sumps.

The diameter and depth of the sump are recommended to be 4 times the diameter of
the outlet pipe (Figure 5-7). For example, a standard 12 in diameter outlet pipe requires
a 48 in diameter structure with a 48 in deep sump (measured down from the invert of
the outlet pipe).

Figure 5-8 Inlet Structure with Sediment Sump

Gross Solids Removal Devices

A hood may be used over the outlet pipe to prevent floatable trash and debris from
exiting the inlet structure. The hood design should incorporate an anti-siphon flow vent
to prevent pollutants from being siphoned away.

Other various apparatus may be used to aid in the removal of gross solids such as
screens and baffles. Care should be taken to ensure proper maintenance can be
performed either around the apparatus or a plan to remove and replace the apparatus
during cleaning operations. A maintenance schedule shall be provided with the design
of inlets with gross solids removal devices.
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Figure 5-9 Gross Solids Removal Devices

5.7 Storm Sewers

Storm sewer systems are designed, constructed and maintained to convey stormwater
runoff from: (1) one or more surface inlets to a stormwater treatment facility or outlet
point; or (2) the outlet of a stormwater treatment facility to the receiving water or
municipal sewer system. Storm sewers generally follow the alignment of a roadway,
increasing in size as necessary to accept flow from a series of inlets. Important design
parameters include return period of the design event, pipe size, pipe slope, pipe
bedding, pipe cover and clearance.

The design of storm sewer systems is usually an iterative process involving the following
four steps:

1. System Layout. Selection of inlet locations and development of a preliminary
plan and profile patterns.

2. Hydrologic Calculations. Determination of runoff volumes and flow rates for the
design storm event for the collection system.

3. Hydraulic Calculations. Determination of pipe sizes required to carry design flow
rates and volumes.

4. Outfall Design. Outlet protection to prevent erosion or detention/retention to
control peak discharge rates may be required because of site constraints or
release-rate performance standards.

5.7.1 Design Storm

Storm sewers shall be designed for the 10 percent chance (10-year) storm. The sewer
should be designed to flow full, i.e. with a hydraulic grade line at or near the top of pipe.
The pipe will be allowed to surcharge in special circumstances. The surcharge elevation
should be a minimum of 1 foot below grade.

In special cases, such as depressed high-volume roadways, the conveyance system shall
be designed to carry the 2 percent chance (50-year) frequency event. The hydraulic
grade line must be a minimum of 1 foot below grade.
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Other considerations include inconvenience, hazards, and nuisances to pedestrian traffic
and buildings which are located within the splash zone. These considerations should not
be underestimated and, in some locations (such as commercial areas), may assume
major importance.

5.7.2 Layout Requirements

Refer to Table 5-5 for minimum sewer sizes. The system should be designed for free
surface flow. In difficult circumstances, it is acceptable to design for flowing full, either
under pressure or not under pressure. Storm sewers shall be designed to operate under
subcritical flow conditions.

Table 5-5 Minimum Sewer Size

Owned and Maintained by Minimum Pipe Size

Publicly owned and maintained 12 in
Privately owned and maintained 12in
within the public right-of-way

Privately owned and maintained 8in
outside the public right-of way

When increasing the size of a pipe, align the inside top of the pipe (crown) where
possible, resulting in a drop in the flow line. Drop manholes or other drop structures
shall be used to maintain a mild pipe slope where ground slopes are steeper than critical
slope.

Curved storm drains are permitted where necessary for 48-in. or larger pipe using bend
sections. Smaller pipes should not be designed with curves. Long-radius bend sections
are available from many suppliers and are the preferred means of changing direction in
pipes 48 in. and larger. Short-radius bend sections are also available and can be used if
there is not room for the long-radius bends. Deflecting the joints to obtain the necessary
curvature is not desirable, except for very minor curvatures.

Storm sewers and their structures shall be kept away from building foundations or
sanitary sewers as much as practicable to minimize stormwater inflow into these
facilities. In instances where a proposed storm sewer will cross a sanitary sewer trench,
watertight joints and trench dams shall be provided along the entire length of the
proposed storm sewer from each manhole on either side of the crossing. If the storm
and sanitary sewers are parallel and are within 5 feet of each other, water-tight joints
and trench dams shall be installed along the entire run of the storm sewer until the
distance between the storm sewer and sanitary sewer trenches exceed 5 feet.

Water-tight joints on the storm sewer and trench dams in the utility trench shall be
installed at any connections to the subsurface drainage network and at the perimeter
edge of all practices intended to infiltrate water into the native soil. Trench dams are
used to block the flow of water at the interface of the conduit and the backfill
surrounding the conduit. Trench dams may also be referred to as anti-seep collars,
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trench plug, and trench breaker. Trench dams may be constructed of a wide variety of

Example metal, PVC,

HDPE, or geosynthetic

materials such as concrete, clay, bentonite, metal, PVC, and HDPE.
trench dam

_ Example concrete, clay, or
é

," bentonite trench dam
’
4

d

Figure 5-10 Trench dam
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5.7.3 Slopes

All storm drainage systems should be designed such that velocities of flow will not be
less than 3 ft/s at design flow. This criterion results in a velocity of 2 ft/s when the flow
depth is 25 percent of the pipe diameter. For very flat grades, the general practice is to
design components so that flow velocities will increase progressively throughout the
length of the pipe system. The storm drainage system should be checked to ensure that
there is sufficient velocity (3 ft/s) in all drains to deter settling of particles. The
maximum velocity should be 10 ft/s. Where velocities exceed 10 ft/s, consider adding a
drop inlet to include some of the elevation change at the inlet or consider energy
dissipators.

Table 5-6 Storm Sewer Slopes

Diameter Minimum Slope* Maximum Slope*

(in) 3 ft/s velocity 10 ft/s velocity
"~ Siope | Pipe Capacity(cs) | Siope | Pipe Capacity(cfs)

8 0.75% 1.1 8.34% 3.5
12 0.44% 2.4 4.86% 7.9
15 0.32% 3.7 3.61% 12.3
18 0.25% 53 2.83% 17.7
21 0.21% 7.2 2.30% 24.1
24 0.17% 9.4 1.93% 31.4
30 0.13% 14.7 1.43% 49.1
36 0.10% 21.2 1.12% 70.7
42 0.08% 28.9 0.91% 96.2
48 0.07% 37.7 0.77% 126
54 0.06% 47.7 0.65% 159
60 0.05% 58.9 0.57% 196
66 0.05% 71.3 0.50% 238
72 0.04% 84.8 0.45% 283
84 0.03% 115 0.36% 385
90 0.03% 133 0.33% 442
96 0.03% 151 0.30% 503
108 0.02% 191 0.26% 636
120 0.02% 236 0.23% 785

* assumes a Manning roughness coefficient of 0.013
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5.7.4 Hydraulic Grade Line

In general, if the hydraulic grade line is above the crown of a pipe, pressure flow
hydraulic calculations are appropriate. Conversely, if the hydraulic grade line is below
the crown of a pipe, gravity flow calculations are appropriate. Storm sewer systems
should generally be designed as gravity systems.

For storm sewers designed to operate under pressure flow conditions, inlet surcharging
and possible manhole lid displacement can occur if the hydraulic grade line rises above
the ground surface. A design based on gravity conditions must be carefully planned as
well, including evaluation of the potential for excessive and inadvertent flooding created
when a storm event larger than the design storm pressurizes the system.

Existence of the desired flow condition should be verified for design conditions. Storm
sewer systems can alternate between pressure and gravity flow conditions from one
sewer section to another.

The discharge point of the drainage system usually establishes a starting point for
evaluating the condition of flow. If the discharge is submerged, as when the water level
of the receiving waters is above the crown of the storm sewer, the exit loss should be
added to the water level and calculations for head loss in the storm sewer system
started from this point. If the hydraulic grade line is above the pipe crown at the next
upstream manhole, pressure flow conditions exist; if it is below the pipe crown, then
gravity flow calculations should be used at the upstream manhole.

5.7.5 Energy Losses

Prior to computing the hydraulic grade line, all energy losses in pipe runs and junctions
must be estimated. In addition to the principal energy involved in overcoming the
friction in each conduit run, energy (or head) is required to overcome changes in
momentum or turbulence at outlets, inlets, bends, transitions, junctions, and manholes.

Exit Losses

The exit loss is a function of the change in velocity at the outlet of the pipe. For a sudden
expansion, such as an endwall, the exit loss is:

vz vl
H =C, |——— 5.12
o [29 29 512
where  H, = exit headloss, ft.
C, = exit loss coefficient = 1.0
V = average outlet velocity, ft/s
Vg = channel velocity downstream of outlet, ft/s

g = acceleration due to gravity, 32.2 ft/s?
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Note that, when V4 = 0 as in a reservoir, the exit loss is one velocity head. For partial full
flow where the pipe outlets into a channel with moving water, the exit loss may be
reduced to virtually zero.

Pipe Friction Losses

The friction slope is the energy gradient in ft./ft. for that run. The friction loss is simply

the energy gradient multiplied by the length of the run. Energy losses from pipe friction
may be determined by rewriting Manning’s equation with terms as previously defined:

S; = [Qn/1.4864R?/3]" (5.13)

The head losses due to friction may be determined by the formula

Manning’s equation can also be written to determine friction losses for storm drains as

follows:
o= L(— @\ for cireular sh (5.15)
r =L\ zepze7 for circular shapes .
. 29n2L (V? 516
= R4/3 E (5.16)

where  Hf = headloss due to friction, ft.
S¢ = slope of hydraulic grade line, ft./ft.
L = length of pipe, ft.
Q = volume flow rate, ft3/s
n = Manning’s roughness coefficient, refer to Section 5.12
D = diameter of pipe, ft.
V = mean velocity, ft/s
R = hydraulic radius, ft.
g = acceleration due to gravity, 32.2 ft/s?

Bend Losses

The bend loss coefficient for storm drainage system design is minor but can be
evaluated using the formula

Hy, = 0.0033(2)(V,*/29) (5.17)

where  Hyp = headloss due to a bend, ft.
A = angle of curvature, degrees
V = mean velocity, ft/s
g = acceleration due to gravity, 32.2 ft/s?
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Manhole Losses

The head loss encountered from one pipe to another through a manhole is commonly
represented as being proportional to the velocity head at the outlet pipe. Using Ky to
signify this constant of proportionality, the energy loss is

Hy = Ky (V?/29) (5.18)

where Hwu = headloss due to a manhole, ft.
Km = manhole headloss coefficient, refer to Table 5-7
V = mean velocity, ft/s
g = acceleration due to gravity, 32.2 ft/s?

For simple systems, an estimate or approximation of the Ky value can be used. For
complex systems with complicated junctions, the Ky value should be determined using
the HEC-22 (FHWA, 2013) method.

Table 5-7 Manhole Loss Coefficients

Structure Configuration Kwm
Inlet — Straight Run 0.5
Inlet — Angled Through
90° 1.50
60° 1.25
45° 1.10
22.5° 0.70
Manhole — Straight Run 0.15
Manhole — Angled Through
90° 1.00
60° 0.85
45° 0.75
22.5° 0.45

5.7.6 Pipe Material, Bedding and Cover

Pipe material, bedding and structural requirements shall comply with the City’s Master
Specifications for project contract documents. Sewers shall be designed to prevent
damage from superimposed live, dead, and frost induced loads. Proper allowance for
loads on the sewer shall be made because of soil and potential groundwater conditions,
as well as the width and depth of trench. Where necessary, special bedding, haunching
and initial backfill, concrete cradle, or other special construction shall be used to
withstand anticipated superimposed loading or loss of trench wall stability.
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5.7.7 Minimum Clearances
Minimum clearances for storm sewer pipe shall comply with the following criteria:

a) Cover. The minimum cover over the outside crown of a storm drain is 2 ft. Within
roadways, a minimum of 1 foot is required between the bottom of the road base
material and the outside crown of the storm drain.

b) Utility Placement. Storm sewer systems shall not be placed parallel to or below
existing utilities, which could cause utility support problems. Electrical
transmission lines or gas mains should never come into direct contact with the
storm sewer.

¢) Horizontal Separation. The minimum horizontal clearance is 3.5 ft. (10 ft. for
water main) extending from each side of the storm drain and 1V:1H side slopes
from the trench bottom.

d) Vertical Crossing Separation. Storm drains shall be constructed below
watermains wherever possible. The minimum design clearance between the
outside of the storm pipe and the outside of any conflicting utility shall be 1.5 ft.
The crossing shall be arranged so that the storm drain joints will be equidistant
and as far as possible from the joints of the crossing utility line.

When it is impossible to obtain proper vertical separation of 1.5 ft. between the
storm drain and either a watermain, sanitary, or combined sewer one of the
utilities shall be placed in an approved encasement which extends 10 ft. on both
sides of the crossing.

e) Manholes. No utility lines shall pass through any manhole or pipe. The utility line
shall be offset in such a way as to provide adequate clearance between the
crossings. When a sanitary line or other utility must pass through a manhole, the
greatest possible clearance from the bottom of the flow channel shall be provided
with a minimum of one-foot clearance.

5.7.8 Manhole

Manholes are used to provide entry to continuous underground storm drains for
inspection and cleanout. Grate inlets can be used in lieu of manholes when entry to the
system can be provided at the grate inlet, so that the benefit of extra stormwater
interception can be achieved with minimal additional cost. Typical locations where
manholes should be located are

e where two or more storm drains converge;
e where cleanouts or inspections, or both, may be required; and
e where storm drain alignment or grade changes.

Manholes may be located at other locations where drop inlets or other structures could
be used. Manholes should not be in traffic lanes, bike lanes or pedestrian crosswalks.
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However, where it is impossible to avoid locating a manhole in a traffic lane, ensure that
it is not in the vehicular wheel path. The maximum spacing of manholes is as follows:

Table 5-8 Manhole Spacing

Size of Pipe (in) Maximum Distance (ft.)

<48 300

> 48 600

The outside diameter of all pipes entering a manhole or junction box should fit between
the inside faces of the walls.

5.8 Subsurface Drainage

In certain cases, underdrains (also referred to as subsoil drains or subsurface drains)
may be desired to drain excess water from the soil. A subsurface drainage network may
take the form of perforated (or otherwise permeable) pipes, French drains, or collector
fields. Percolation rates for groundwater may be obtained from NRCS offices, measured,
or simply estimated. Collector pipe sizes and networks may then be established for the
removal of that water. A maintenance schedule shall be provided with the design of
subsurface drainage systems.

Drain envelopes refers to the material placed on or around the underdrain. The
envelope prevents excessive movement of soil particles into the drain and provides a
bedding material for the drain pipe. Chapter 6, Soil, Aggregate and Water, provides
information on design and selection of aggregate filters (i.e. drain envelopes).

5.8.1 Envelope

Relative to the base soil material surrounding the drain envelope, the filter media that
makes up the drain envelope should meet the following criteria (U.S. Army Corps of
Engineers, 1941):

4 x Base Material D;5 < Filter Media D,5 < 4 * Base Material Dg5 (5.19)

After calculating the Dis of the filter media relative to the base material, a gradation
curve of the filter media may be established based on coefficient of curvature and
coefficient of uniformity (ASCE, 1998).
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C, < Dso” (5.20)
D1 * Deg
Dgo
C, =— 5.21
w=p (5.21)

Cc = coefficient of curvature
Cu = coefficient of uniformity

where

Refer to Table 5-9 for recommended coefficients for drain envelope aggregate design.

Table 5-9 Drain Envelope Recommended Coefficients

Variable Recommended Value

G 1 to 3 for gravels and sands

Cu >4 for gravels
>6 for sands

Ds Not more than 5% of the filter material
should pass the No. 200 sieve

The envelope material must also be large enough to not pass through the opening in the
underdrain. The following criteria should be used:

Filter Media Dgs
>1

- - — > (5.22)
Pipe Opening Size

Natural aggregate material is most commonly used for the filter media. Blast furnace
and steel mill slags may also be used. Geotextiles may also be used based on the
properties presented in Table 5-10.

Table 5-10 Drain Envelope Geotextile Properties

Description
Geotextile type

Recommendation
Nonwoven needle punched,
knitted, or spun bonded

Test Method

Permittivity >1.0sec?

Apparent opening size  AOS < Dgs of the adjacent soil ASTM D4751
Grab strength > 100 pounds ASTM D5034
Grab elongation <50% ASTM D5034

5.8.2 Spacing

When underdrains are used to dewater a large area, the drains are commonly placed
parallel to one another to provide complete dewatering. Spacing may be computed
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using a variety of techniques. A common steady state formula is the ellipse equation.
The ellipse equation is (ASCE, 1998):

g [HKs(m?—a®) (5.23)

q

where S = drain spacing, ft.
Ks = average hydraulic conductivity, in/hr.
m = vertical distance, after drawdown of the water table above the
barrier layer below the drain, ft.
a = depth of barrier layer below drains, ft.
g = drainage coefficient (steady-state surface recharge rate) in/hr.

Figure 5-11 Ellipse Equation Variables

A simplified form of Darcy’s Law may be used to determine the drainage coefficient in
the ellipse equation.

Rnax +d
d

where g = drainage coefficient (steady-state surface recharge rate) in/hr.
Ks = average saturated hydraulic conductivity, in/hr.
hmax = maximum depth of ponded water above the filter bed, in
d = depth of filter media above the underdrain pipe, in

q =K, (5.24)

When a layer of open graded aggregate is incorporated under an entire pervious facility,
the drain spacing required should be reflected in the hydraulic conductivity of the open
graded aggregate.
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5.8.3 Size

The flow coming to the underdrain may be estimated based on the drain coefficient
(from the ellipse equation) multiplied by the surface area tributary to the underdrain.
Manning’s equation may then be used to calculate the pipe diameter. A minimum 4-inch
diameter underdrain shall be used; 6 inches is recommended.

5.8.4 Layout

The subsurface drainage network shall consist of underdrains laid out to serve the entire
desired area. Spacing should not exceed the maximum spacing calculation. Changes in
alignment, vertical and horizontal, should be limited to 45 degrees to allow for
inspection and maintenance. Wye fittings with removable stoppers should also be used
for maintenance purposes.

Cleanouts shall be placed at the upstream end of the underdrain lines to allow for
inspection and maintenance. Cleanouts are normally extended vertically up to be flush
with the surface and fitted with a removable stopper.

Underdrains should discharge to a manhole or catch basin. The outlet of the drain may
be fitted with an upturned elbow assembly, valve or flow reducer. Upturned elbow
assemblies used to create an internal water storage zone are recommended to be
constructed inside a drainage structure for easy maintenance access.

5.9 End Treatments

The purpose of an end treatment is to dissipate energy and minimize the chance of
erosion at the inlet and outlet of culverts and storm sewers. Refer to Section 5.4.5 for end
treatment details for culvert hydraulics.

For stormwater control measures such as bioretention and detention basins, simple end
treatments should be incorporated when piping the runoff into the practice. The most
common end treatment is a flared end section typically made of the same material as
the pipe material. The flared end section is commonly accompanied by a riprap apron
which helps to minimize erosion in the transition from a hard pipe to vegetated soil.

5.10 Outlet Channel Protection

A riprap apron is the most common outlet channel protection approach. Riprap aprons
may be used for outlets up to 5 ft. diameter. The aprons are constructed of either riprap
or grouted riprap placed at a zero grade for a distance based on the outlet diameter of
the pipe and the flow rate.

Riprap sizing may be based on the following equation for circular pipes (Fletcher &
Grace, 1972):
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Wl

(L) (5.25)
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where Dso = riprap size, ft.
Q = design discharge, ft3/s
D = culvert diameter, ft.
TW = tailwater depth, ft. Tailwater depth is to between 0.4D and 1.0D.
If tailwater is unknown use 0.4D.
g = acceleration due to gravity, 32.2 ft/s?

If the flow is supercritical in the culvert, then the culvert diameter is adjusted as:

_ D+

DI
2

(5.26)

where D’ = adjusted culvert rise, ft.
D = culvert diameter, ft.
Yn = normal (supercritical) depth in the culvert, ft.

The length and depth of the riprap apron are recommended in Table 5-11 (FHWA,
2006). The width of the apron may be determined based on a 1:3 flare.

Table 5-11 Riprap Apron Length and Depth
Class Dso (in) Apron Length Apron Depth

1 5 4D 3.5Dso
2 6 4D 3.3Dso
3 10 5D 2.4Dso
4 14 6D 2.2Dso
5 20 7D 2.0Dsg
6 22 8D 2.0Dso

D is the culvert rise or diameter

Riprap needs to be placed on a strong stable erosion-resistant base. Base soils that have
a maximum of 20% fines and a minimum of 40% gravel do not need bedding. Where the
natural materials do not have the necessary characteristics a bedding, or filter, material
must be used. The filter layer may be either a granular material or a geotextile fabric.
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Figure 5-12 Riprap Apron

5.11 Level Spreaders

Level spreaders are used to create sheet flow conditions onto a vegetated area. The
vegetated area may either be a constructed filter strip or a natural undisturbed
vegetated area. Converting the runoff to sheet flow conditions spreads the water out
over a large area such that runoff can be treated.

Level spreaders may be used at the edge of a large impervious surface, e.g. a parking lot,
to ensure sheet flow conditions are achieved. Level spreaders may also be designed at
the end of a storm pipe to convert the concentrated flow stream to sheet flow
conditions.

Level Spreader Sizing

Level spreaders shall be designed for the 10-year storm. The minimum length of a level
spreader is 10 ft. The maximum length is 200 ft. although maximum length of 100 ft. is
recommended. Refer to Table 5-12 for sizing criteria of the weir length based on the
downstream vegetation type. A bypass or diversion structure shall be provided for flows
exceeding the capacity of the level spreader.

CHAPTER 5 — Drainage Conveyance




Stormwater Management Design Manual

Table 5-12 Level Spreader Sizing

Downstream of the level Criteria for sizing  Minimum width of

spreader the length of vegetated filter strip
level spreader receiving the flow

Engineered filter strip with 10 ft. per cfs 30 ft.

turf type deep rooted grasses

Herbaceous setback/ 20 ft. per cfs 30 ft.

buffer/filter strip

Wooded setback / buffer/ 50 ft. per cfs 30 ft.

filter strip

Protected natural riparian 50 ft. per cfs 50 ft.

buffer

Figure 5-13 Typical Level Spreader

Flow Distribution Upstream of Level Spreader

Upstream of the level spreader a swale is traditionally provided to distribute the flow.
The swale is typically a blind swale meaning it is a limited length with no exit. The blind
swale runs parallel and adjacent to the level spreader weir. The minimum depth of the
swale upstream of the level spreader is 0.5 ft. as measured down from the level lip. The
depth may be increased for temporary storage capacity and to improve trapping of
debris. The swale may be vegetated or constructed of a hard material such as concrete.

The angle at which the pipe upstream of the level spreader approaches the level
spreader is important. Ideally the storm discharge pipe should enter the blind swale at
one end and be oriented in the same direction as the blind swale. Discharging
perpendicular to the blind swale can lead to short-circuiting the level spreader. If a
perpendicular orientation is required, then a forebay should be included between the
discharge pipe and the blind swale.
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An alternative to a blind swale and weir wall is the use of a perforated pipe surrounded
by aggregate. In this configuration runoff is distributed the length of the perforated
pipe, exits through the perforations and flows across the vegetated filter strip.
(SEMCOG, 2008)

Level Spreader Materials

The weir or lip of the level spreader is recommended to be constructed of a rigid,
durable, non-erodible material such as concrete. The weir should be anchored securely
below existing ground to prevent displacement. An apron of coarse aggregate shall be
placed adjacent to and downstream from the rigid lip.

Underdrains may optionally be incorporated under the blind swale to provide positive
drainage. If the native soils have low infiltration rates, the blind swale may not drain
properly between storm events. Poor drainage will lead to problems with the vegetation
and may also affect the weir wall during freeze thaw cycles.

Downstream of the Level Spreader

The longitudinal slope of the vegetated area downstream of the level spreader shall not
exceed 8 percent. A longitudinal slope of 2 percent or less will maximize the filter strip
performance by decreasing flow velocities.

Construction Considerations

As the name implies, level spreaders need to be constructed level. If the weir wall or lip
is not constructed level the flow stream may be concentrated which can result in
erosion of the vegetated filter area downstream. Extra care needs to be taken during
construction to ensure the top of the level spreader is level.

It is recommended to use sod in the blind swale on the upstream side of the level
spreader weir. This area is often hard to establish vegetation due to the incoming flows.

5.12 Manning’s n Values

Manning's formula, as presented in Chow (1959), is an accepted method for performing
open-channel flow capacity calculations, when uniform flow conditions represent design
conditions. The selection of an appropriate resistance coefficient, known as the
Manning's n value, is a key variable that requires experience and can significantly affect
the results obtained. This section provides a summary of standard tables and
references, which provide a consistent basis for evaluating and assigning Manning's n
values. The section begins with a general discussion of basic principles for assigning n
values followed by information from tabular and photographic interpretations.

5.12.1 Basic Principles

The factors presented in this section should be studied and evaluated with respect to
type of channel, degree of maintenance, seasonal requirements, and other
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considerations as a basis for selecting an appropriate design value of Manning's n.
Consideration should also be given to the probable condition of the channel when the
design event is anticipated. Values representing a freshly constructed channel are rarely
appropriate as a basis for design capacity calculations.

The following basic principles should be considered when selecting the value of
Manning's n:

a) Turbulence. Generally, retardance increases when conditions tend to induce
turbulence and decreases when they reduce turbulence.

b) Physical Roughness. Consider the physical roughness of the bottom and sides of
the channel. Fine particle soils on smooth, uniform surfaces result in relatively
low values of n. Coarse materials, such as gravel or boulders, and pronounced
surface irregularities cause higher values of n.

c) Vegetation. The value of n will be affected by the height, density, and type of
vegetation. Consider the density and distribution of the vegetation along the
reach and the wetted perimeter, the degree to which the vegetation occupies or
blocks the cross section of flow at different depths, and the degree to which the
vegetation may be bent (shingled) by flows of different depths. The n value will
increase in the spring and summer as vegetation grows and foliage develops and
will diminish in the fall as the vegetation becomes dormant.

d) Cross Section. Channel shape variations, such as abrupt changes in channel
cross sections or alternating small and large cross sections, will require
somewhat larger n values than normal. These variations in channel cross
sections become particularly important if they cause the flow to meander from
side to side.

e) Meandering. A significant increase in the value of n is possible if severe
meandering occurs in the alignment of a channel. Meandering becomes
particularly important when frequent changes in the direction of curvature
occur with relatively small radii of curvature.

f) Channel Stability. Active channel erosion or sedimentation will tend to increase
the value of n, since these processes may cause variations in the shape of a
channel. Also consider the potential for future erosion or sedimentation in the
channel.

g) Obstructions. Obstructions such as log jams or deposits of debris will increase
the value of n. The level of this increase depends on the number, type, and size
of obstructions.

h) Field Observations. Deciding on natural channel n values requires field
observations and experience. Special attention is required in the field to identify
floodplain vegetation and to evaluate possible roughness variations with flow
depth. To be conservative, it is better to use a higher resistance for capacity
calculations and a lower resistance for stability calculations.
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5.12.2 Tabular Interpretations

Tables are provided below for Manning roughness coefficients for sheet flow conditions,
flow along gutters, artificial channels (such as roadside swales) and for pipes.

Table 5-13 Manning n for Overland Sheet Flow

Surface Description Manning n

Smooth asphalt 0.011
Smooth concrete 0.012
Ordinary concrete lining 0.013
Good wood 0.014
Brick with cement mortar 0.014
Vitrified clay 0.015
Cast iron 0.015
Corrugated metal pipe 0.024
Cement rubble surface 0.024
Fallow (no residue) 0.05
Cultivated soils

Residue cover < 20% 0.06

Residue cover > 20% 0.17

Range (natural) 0.13
Grass

Short grass prairie 0.15

Dense grasses 0.24

Bermuda grass 0.41
Woods*

Light underbrush 0.40

Dense underbrush 0.80

*When selecting n, consider cover to a height of about 1 inch. This is only part of the
plant cover that will obstruct sheet flow.

Table 5-14 Manning n Values for Gutter Flow

Type of Gutter or Pavement Manning n

Concrete Gutter, troweled finish 0.012
Asphalt Pavement
Smooth texture 0.013
Rough texture 0.016
Concrete Gutter, Asphalt Pavement
Smooth texture 0.013
Rough texture 0.015
Concrete Pavement
Float finish 0.014
Broom finish 0.016
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Table 5-15 Manning n for Artificial Channels

Lining Lining Type ‘n’ Value for Depth of Flow
Category Range
0-0.5ft. 0.5-2.0 >2.0ft.
ft.
Rigid Concrete (broom or float finish) 0.015 0.013 0.013
Gunite 0.022 0.020 0.020
Grouted Riprap 0.040 0.030 0.028
Stone Masonry 0.042 0.032 0.030
Soil Cement 0.025 0.022 0.020
Asphalt 0.018 0.016 0.016
Unlined Bare Sail 0.023 0.020 0.020
Rock Cut 0.045 0.035 0.025
Temporary Woven Paper Net 0.016 0.015 0.025
Jute Net 0.028 0.022 0.019
Fiberglass Roving 0.028 0.021 0.019
Straw with Net 0.065 0.033 0.025
Curled Wood Mat 0.066 0.035 0.028
Synthetic Mat 0.036 0.025 0.021
Gravel Riprap  1-inch (2.5-cm) d50 0.044 0.033 0.030
2-inch (5-cm) d50 0.066 0.041 0.034
Rock Riprap N/A n=0.0395 (d50)1/6 d50 =
Diameter of stone for which
50 percent, by weight, of the
gradation is finer, in feet

Table 5-16 Manning n for Earthen Channels

Description Min Normal Max
Earth, straight and uniform
Clean, recently completed 0.016 0.018 0.020
Clean, after weathering 0.018 0.022 0.025
Gravel, uniform section, clean 0.022 0.025 0.030
With short grass, few weeds 0.022 0.027 0.033
Earth, winding and sluggish
No vegetation 0.023 0.025 0.030
Grass, some weeds 0.025 0.030 0.033
Dense weeds or aquatic plants in deep channels 0.030 0.035 0.040
Earth bottom and rubble sides 0.028 0.030 0.035
Stony bottom and weedy banks 0.025 0.035 0.040
Cobble bottom and clean sides 0.030 0.040 0.050
Channels not maintained, weeds and brush uncut
Dense weeds, high as flow depth 0.050 0.080 0.120
Clean bottom, brush on sides 0.040 0.050 0.080
Same, highest stage of flow 0.045 0.070 0.110
Dense brush, high stage 0.080 0.100 0.140
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Table 5-17 Manning n for Pipes

Description Min Normal Max
Concrete

Culvert, straight and free of debris 0.010 0.011 0.013

Culvert with bends, connections, and some debris  0.011 0.013 0.014

Sewer with manholes, inlet, etc., straight 0.013 0.015 0.017
Clay

Common drainage tile 0.011 0.013 0.017

Vitrified sewer 0.011 0.014 0.017

Vitrified sewer with manholes, inlet, etc. 0.013 0.015 0.017

Vitrified subdrain with open joint 0.014 0.016 0.018
Brickwork

Glazed 0.011 0.013 0.015

Lined with cement mortar 0.012 0.015 0.017
Rubble masonry, cemented 0.018 0.025 0.030
Corrugated Metal Pipe (CMP)

2-2/3 in by % in corrugations annular 0.027

2-2/3in by % in corrugations helical 0.012 0.018 0.024

6 in by 1 in corrugations helical 0.025

5in by 1 in corrugations helical 0.026

3in by 1 in corrugations helical 0.028

6 in by 2 in structural plate 0.035

9 in by 2-1/2 in structural plate 0.037
Spiral Rib Metal 0.013
Polyethylene (HDPE)

Smooth 0.009 0.012 0.015

Corrugated 0.018 0.022 0.025
Polyvinyl chloride (PVC) 0.009 0.010 0.011
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5.13 Design Checklist

To ensure that all drainage conveyance systems and components have been properly designed, the
following checklist shall be used. Applicable portions of this checklist can be included as part of the
Post-Construction Stormwater Management Plan along with any required calculations to document

design.
Treatment
Description Design Requirement Design Value Units

Drainage area tributary to

practice/system acres
See Chapter 2 for

Peak flow rate requirement applicable cft/sec
performance
standards
See Chapter 2 for

Retention volume applicable ot

requirement performance
standards

Design Flows and Volumes
All supporting calculations and method used shall be attached

Design Value/

Description . . Units
Description
Calculation Methodology
Minor design storm
Major design storm
Minor design storm volume
entering practice/system cft
Minor des'lgn storm peak flow cft/sec
rate entering practice/system
Major design storm volume
entering practice/system cft
Major design storm peak flow cft/sec

rate entering practice/system

Open Channels
Major design storm is required to be either the 10-year or the 50-year storm

Description

Hydraulic grade line elevation

Design Requirement

Minimum of 1.5 feet
below edge of road
shoulder or gutter

Recommended

Values

Design Value/
Description

grade
Mini f0.1 Mini f0.3

Channel slope (longitudinal) inimum o Inimum o o
percent percent

Channel shape

Trapezoidal, parabolic
or triangular

Trapezoidal with
min. 2-foot bottom
width or parabolic

Maximum side slope

3H:1V

4H:1V
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Description

Sizing Method

Design Requirement

Nomographs from
MDOT or FHWA, HYS,
or HEC-RAS

Major design storm shall match the Open Channel design storm
Recommended

Design Value/

Values Description

Units

Type of structure and material

Culvert diameter

Minimum of 12 inches

Headwater Elevation

Maximum of 1 ft
below edge of road
shoulder (cross-drain)
or less than near edge
of pavement elevation
(side-drain)

Design Discharge (open
channel or free fall)

Tailwater Depth (normal
depth for open channel,
critical depth for free fall)

Equivalent HGL elevation (for
free fall tailwater only)

Minimum velocity (full culvert
flow)

2.5 feet per second

fps

Maximum velocity (full culvert
flow)

Velocities > 6 fps may
require energy
dissipation measures

6 fps

fps

Gutter Design

Design storm is required to be the 10-year storm

Description

Roadway Classification

Design Requirement

Design Value/
Description

Units

Curb and gutter section type

Design spread

Calculated maximum spread

Less than or equal to
design spread based
on roadway
classification

Flow rate

cfs
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Inlet Design
Description Design Requirement Recommended Design .Va.lue/
Values Description
Inlet type
Minimum of 2 feet
under special
Inlet structure diameter circumstances, Minimum of 4 feet ft.
otherwise minimum of
4 feet
Inlet capacity Must intercept 100 ofs
percent of gutter flow
Length of curb-opening inlet Must intercept 100 Minimum of 12 .
(if used) percent of gutter flow  inches n
Height of curb-opening inlet .
(if used) "
300 feet (48" or
Maximum inlet spacing smaller pipes) ft.

600 feet (pipes larger
than 48")

Gross solids removal device

Inlet Locations
Description
Inlets are placed on the upstream side of all bridge approaches

No

Inlets are placed at all low points in gutter grade

Inlets are placed at a maximum of 75 feet on either side of a low point or in
locations that are 0.2 feet higher than the low point

Inlets are placed on both sides of cross streets that drain toward a lower
elevation roadway to prevent water from being carried across intersections

Inlets are placed on the upstream side of driveway entrances, ramps or
pedestrian crosswalks when the hydraulic analysis indicates inlets should be
placed further downgrade or within features

Inlets are placed upstream of median breaks

Placement of inlets prevents water from sheeting across a roadway

Inlets are placed 10 feet on either side of the intersection spring line or at the
midpoint of the arc when the pavement is concrete
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Storm Sewer Design

Major design storm is required to be either the 10-year or the 50-year storm. All pipes shall be designed to flow
full and operate at subcritical flow conditions.

Description Design Requirement Ll Design .Va'lue/ Units
Values Description
8-inch (privately
owned, outside of
Minimum pipe size ROW) in
12-inch (all other
cases)
Maximum surcharge elevation 1 foot below grade No surcharge ft.
Minimum design flow velocity 3 feet per second ft/sec
Maximum design flow velocity 10 feet per second ft/sec
Maximum of 300 feet
. for pipes less than or
Manhole spacing equal to 48 inches,
otherwise 600 feet
Storm Sewer Layout
Description Yes No

Pipe crowns are aligned when increasing pipe size

Curved storm drains are only used in 48-inch or larger pipe sizes

In addition to maximum spacing requirements, manholes are placed
whenever two or more storm drains converge, where cleanouts or
inspections are required, and where storm drain alignment or grade changes

Water-tight joints and trench dams are used when parallel storm and sanitary
sewers are within 5 feet of each other, at any connections to a subsurface
drainage system, at the perimeter of all practices intending to infiltrate water,
or from manhole to manhole when crossing a sanitary sewer trench

Minimum horizontal distance between any storm sewer and water main is 10
feet

Storm sewers that cross water mains have a minimum vertical clearance of 18
inches between outside diameter of pipes

Storm sewers crossing above water mains are arranged such that joints are
equidistant and as far as possible from water main joints

All storm sewers that cannot maintain required clearance from water mains
are placed in a DWSD approved encasement extending 10 feet on either side
of crossings
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Subsurface Drainage System Design

.. . . Recommended Design Value/
Description Design Requirement . ..
Values Description
Mlnlmum underdrain pipe Minimum of 4 inches Mlnlmum of 6 in
diameter inches
Diameter of pipe perforation in
D85 of drain envelope < diameter of pipe in
aggregate perforation
Minimum dimension of drain Minimum of 3 inches in
envelope on all sides
Maximum spacing of parallel f
pipes (based on calculation) '
Maximum spacing between < calculated maximum £
parallel pipes (as designed) spacing '
Subsurface drainage system
' ge sy cft/sec
capacity
Cleanout locations A.t upstream end of all
pipe runs
Maximum change in vertical Maximum of 45 de
or horizontal alignment degrees &

Outlet Channel Protection Design

Design Value/

Description Design Requirement i s
Outlet diameter Maximum of 5 feet ft.
D50 of riprap in
Apron length in
Apron depth in

Level Spreader Design
Design storm is required to be the 10-year storm

.. . . Recommended Design Value/
Description Design Requirement . .
Values Description
Maximum of 100
Length of level spreader 10 feet - 200 feet fee'i(l !
Method of upstream flow Blind swale, weir
distribution wall
e Concrete weir with
Rigid lip with
. downstream
Level spreader material downstream coarse
coarse aggregate
aggregate apron
apron
Downstream longitudinal Maximum of 8 Maximum of 2 %
slope percent percent ’
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6. Soil, Agoregates and Water

One of the premises of GSI is the reduction of runoff volume principally by infiltrating the water into the
subgrade. This chapter contains general information on the physical properties of soil and how water
moves through the soil. The use of aggregates to provide increased storage volumes is discussed along
with general information on the physical properties of the aggregates. Also discussed is the design of
filters to prevent the migration of small particles into the open-graded aggregates and liners to prevent
infiltration. A simple conservative computational methodology is provided for the movement of water
through soil. Lastly the chapter concludes with a summary of geotechnical investigations required for
the design and construction of GSI practices.
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6.1 Soils

Soils are an integral component of the Earth’s ecosystem and function to recycle
nutrients and organic wastes, regulate gas exchange and water supplies, serve as a
medium for plant growth, habitat for soil organisms, and function as an engineering
medium for everything from building materials to road foundations. Given the complex
interactions between physical, chemical and biological interactions that make soils so
useful, designing with soils can be quite difficult. Therefore, it is essential that designers
understand the complexities of soils in order to successfully design green stormwater
infrastructure. The section below describes some of the pertinent properties of soils and
how these properties relate to the design and function of GSI practices.

6.1.1 Soil Physical Properties

The physical properties of soils describe the characteristics of the solid particles of soil
and the spaces in between. The composition of these two parts influence how well
water and air move through soil, the composition of vegetation that can be supported,
as well as how soil behaves in traditional engineering applications. The following
physical properties are highly pertinent in GSI design and construction.

Soil Texture

Soil texture refers to the proportions of different-sized particles in a soil. The soil texture
affects the soil properties and behavior. For example sand has a low capacity to hold
water and a high drainage rate whereas clay holds water very well but is slow to drain.
Soil texture applies only to the mineral components of soils where the particles are
smaller than 2 mm in diameter.

Sand. Particles 0.05 mm to 2 mm in size. Sand feels
gritty between the fingers.

Silt. Particles 0.002 mm to 0.05 in size. Silt feels
smooth or silky when rubbed between the fingers.
Clay. Particles smaller than 0.002 mm. When wet,
clay is sticky and can be easily molded.

A textural triangle is commonly used to show the
relationship between the proportions of sand, silt
and clay and the assigned textural class names (Weil
& Brady, 2017).

Soil texture is used to estimate the effective porosity and hydraulic conductivity
of a soil when sizing the GSI practice. Soil texture is directly used in the design of
aggregate filters, geotextiles, subsurface drainage systems, soil restoration and
the planting plan.
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General testing methods are discussed in Methods of Soil Analysis Part 4 (Gee &
Or, 2002). ASTM D422 — Standard Test Method for Particle-Size Analysis of Soils
provides a methodology to quantitatively determine the particle sizes in a soil.
The distribution of particles sizes larger than 75 um is determined by sieving,
while the smaller particle sizes are determined by a sedimentation process using
a hydrometer. ASTM D2487 — Standard Practice for Classification of Soils for
Engineering Purposes (Unified Soil Classification System) provides a standard
method of classifying the soil texture based on various tests such as ASTM D422.
ASTM D2488 — Standard Practice for Description and Identification of Soils
(Visual-Manual Procedure) provides a methodology to classify the soil textures
based on visual examination and manual tests.

Soil Structure

In natural soils, the individual mineral particles aggregate together to form distinct
structural units commonly referred to as soil aggregates or peds. The arrangement of
these peds creates a network of pores through the soil that are characteristic to their
location and soil composition. Soil structure determines how well water, air and
organisms can move through the soil. Even soils with very high clay contents can
support rapid infilt