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Abstract

Low Impact Development (LID) is the cornerstone of stormwater management with the goal of mimicking a site’s
presettlement hydrology by using design techniques that infiltrate, filter, store, evaporate, and detain runoff close
to its source. Because LID uses a variety of useful techniques for controlling runoff, designs can be customized
according to local regulatory and resource protection requirements, as well as site constraints.

This manual provides communities, agencies, builders, developers, and the public with guidance on how to apply
LID to new, existing, and redevelopment sites. The manual provides information on integrating LID from the
community level down to the site level. It not only outlines technical details of best management practices, but also
provides a larger scope of managing stormwater through policy decision, including ordinances, master plans, and
watershed plans.

Funding for this project was made available by the Michigan Department of Environmental Quality through a grant
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grants from and in cooperation with the Michigan Department of Transportation with the assistance of the U.S.
Department of Transportation’s Federal Highway Administration and Federal Transit Administration; the Michigan
Department of Natural Resources with the assistance of the U.S. Environmental Protection Agency; the Michigan
State Police Office of Highway Safety Planning; and local membership contributions.
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Chapter 1
Introduction

Michigan is the Great Lakes State and home to thousands
of inland lakes and streams. Residents and visitors alike
rely on Michigan’s abundant water resources to provide
clean, safe drinking water and for a vast array of recre-
ational activities. In addition, Michigan’s economic
prosperity is dependent on the availability and health of
our water resources.

Due to the numerous ways we use our water, it is imper-
ative for us to protect and restore our water resources.
To achieve this goal, actively managing stormwater
runoff is essential. Stormwater runoff contributes to
a variety of impairments to our water resources. This
includes polluting our waterways as well as channel-
izing streambanks and ruining the habitat that animals
and plants need to survive.

A view of the Lake Michigan shoreline near Manistee

Low Impact Development (LID) is the cornerstone of
stormwater management. LID uses the basic principle
that is modeled after nature: manage rainfall where
it lands. The outcome of LID is mimicking a site’s
presettlement hydrology by using design techniques
that infiltrate, filter, store, evaporate, and detain runoff
close to its source. Because LID utilizes a variety of
useful techniques for controlling runoff, designs can be
customized according to local regulatory and resource
protection requirements, as well as site constraints.

LID practices offer additional benefits. They can be
integrated into the existing infrastructure and are often
more cost effective and aesthetically pleasing than
traditional, structural stormwater conveyance systems.
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~

Michigan’s Water Resources

* Michigan has more fresh water coastline than
any other state with 3,126 miles of Great Lakes
shoreline.

* Michigan has more than 11,000 inland lakes and
more than 36,000 miles of streams.

* You are never more than six miles from a stream
or lake.

* Anywhere in Michigan, you are within 85 miles of
one of the Great Lakes.

* Michigan ranks fifth in the nation in the number of
licensed anglers who contribute $2 billion annually
to the economy.

* Michigan ranks third in the nation for the number of
registered boats. Recreational boating contributes
$2 billion annually to the economy.

\ Source: State of Michigan J

Why this manual was created

This manual provides communities, agencies, build-
ers, developers, and the public with guidance on how to
apply LID to new, existing, and redevelopment sites. The
manual provides information on integrating LID from
the community level down to the site level. It not only
contains technical details of best management practices,
but also provides a larger scope for managing stormwa-
ter through policy decision, including ordinances, master
plans, and watershed plans.

This manual is intended to facilitate broad application
of LID techniques throughout Michigan. The level of
application of LID practices will vary from place to
place. Stakeholders can use this manual as technical
guidance for how to design, construct, and maintain
a specific LID measure (e.g., how to design a rain
garden). Others may use the manual as a reference for
requiring application of LID in an ordinance to achieve
a prescribed standard, such as assuring that the site is
designed to mimic presettlement hydrology.
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How this manual is organized

This manual is designed to provide the guidance neces-
sary to promote the use of LID throughout Michigan. It
is organized into ten chapters with related appendices
and checklists.

Chapter 1: Introduction provides information on LID,
identifies affected stakeholders, and provides guidance
on how to use this manual.

Chapter 2: Stormwater Management in Michigan:
Why LID? Describes the overall hydrologic cycle and
water quality problems related to stormwater. It also
describes in more detail the definition of LID, benefits,
and relationships to other environmental programs.

Chapter 3: LID in Michigan summarizes Michigan
data for the key determinants and variables that are
used in LID design. Included with the descriptions
of these determinants and variables are resources for
obtaining data.

Chapter 4: Integrating LID at the Community Level
discusses ways to effectively incorporate LID into the
appropriate elements of a master plan, ordinances, and
local municipal programs.

Michigan has more than 36,000 miles of streams that provide
numerous recreational opportunities, including kayaking on
the Clinton River through downtown Mt. Clemens.

Source: Macomb County Planning and Economic Development
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Chapter 5: Incorporating LID into the Site Design
Process describes 9 LID-specific steps to consider during
the existing site plan review process. It emphasizes the
importance of total site design where developers integrate
stormwater management at the beginning of the process.

Chapter 6: Nonstructural Best Management Prac-
tices describes specific practices that prevent stormwater
runoff by integrating planning and site design techniques
that preserve natural systems and hydrologic functions,
and protects open spaces, wetlands, and stream corri-
dors on a site.

Chapter 7: Structural Best Management Practices
describes specific structural practices, their stormwater
functions, and design requirements. It provides design
guidance for users to determine what structural BMPs
to incorporate into a site.

Chapter 8: Special Areas provides detailed informa-
tion for LID applications in settings where a diverse mix
of physical and land use conditions must be confronted,
such as contaminated brownfield sites, transportation
corridors, and wellhead protection areas.

Chapter 9: Recommended Design Criteria and
Methodology discusses the recommended design crite-
ria to consider when designing and constructing BMPs
for low impact development.

Chapter 10: Michigan Case Studies highlights numer-
ous successful LID examples throughout Michigan.

Appendices: Includes all of the supplemental informa-
tion and additional resources that users can access for
more LID information. It also includes a model storm-
water ordinance that integrates LID techniques.

LID techniques can also be implemented in special areas
such as this rain garden along a road in Grayling.

Source: Huron Pines Conservation District
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How to use this manual

There are numerous organizations, industries, commu-
nities, professionals, and individuals who have an
interest in designing and implementing low impact
development practices in Michigan. To proactively
manage stormwater and protect water quality, it will
take the support of all stakeholders involved to success-
fully communicate, coordinate, and to put LID methods
into practice. Although the entire manual is of use to
everyone involved in this process, the chapters that may
be of the most interest to a given stakeholder are identi-
fied in the descriptions below.

Elected officials

Role in LID: Elected officials play an important role by
deciding on the extent to which L1D will be implemented
in their community. Elected officials set the policy. In
addition, municipal boards and councils can choose
to require the use of LID practices through appropri-
ate ordinances and procedures for a given community.
Elected officials need to know that LID is practical,
fiscally feasible, and that performance measures can be
achieved.

How to use the manual: Elected officials can use
Chapters 1 and 2 to learn the LID basics and Chapter 4
to learn the integrated process of LID that includes
community planning, site planning, and gaining support
for LID.

Towar Rain Gardens, City of East Lansing, Ml
Source: Fitzgerald Henne and Associates, Inc.
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This LID development at Western Michigan University offers
additional benefits such as providing habitat, recreational
trails, and improved quality of life.

Source: Fishbeck, Thompson, Carr & Huber, Inc.

Planning Commissions

Role in LID: Planning commissioners have numerous
opportunities to encourage implementation of LID in
their community. First, the planning commission typi-
cally updates and adopts the community’s master plan.
Incorporating LID into the master plan would be an
important step in implementing LID in the community.

The planning commission also reviews new devel-
opment proposals and proposes language for zoning
ordinances. The commission can ensure that zoning
and development ordinances allow the use of LID
techniques, write LID requirements into ordinances as
appropriate for their community, and encourage devel-
opers to use LID concepts.

How to use the manual: Like elected officials, the plan-
ning commission can use Chapters 1 and 2 to learn the
LID basics. In addition, as reviewers of site plans in the
community, planning commissioners should be famil-
iar with Chapters 4 and 5 for help with including LID
techniques in master plans and for review of site plans.
Depending on the level of review by the commission,
planning commissioners may need to be familiar with
specific design criteria found in Chapters 6 and 7.

Staff Planners/Planning Consultants

Role in LID: Staff planners and/or planning consultants
have multiple avenues for encouraging LID implementa-
tion in their community. Often it is the staff personnel
that meet early on with the development community to
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discuss a new development. The staff person could share
the community’s interest in using LID with the devel-
oper during these early meetings. Additionally, staff and
planning consultants can be supportive when a developer
submits a plan for a LID project.

The staff planner/planning consultant also reviews and
comments on the site plan prior to review by the plan-
ning commission. Finally, staff planners and/or planning
consultants play another role in LID by educating local
communities (e.g., planning commission, elected offi-
cials) about the opportunity to implement LID in their
community.

How to use the manual: Staff planners and planning
consultants who are not familiar with LID could benefit
from Chapters 1 and 2 to review the LID basics. The
most beneficial part of the manual for these stakehold-
ers will be the technical chapters on site planning,
green infrastructure, and the process of selecting BMPs
(Chapters 5, 6, and 7). They will also want to make use
of the individual fact sheets, pull outs, pictures, and
graphics that are available in the technical sections of
this manual.

Local, County, and State Engineers/
Engineering Consultants/Developers/
Landscape Architects

Role in LID: These stakeholders are either designers
of site development or reviewers of the design for some
public agency. These stakeholders must be the most
familiar with the detailed design methods in the manual.

Beech Park Bioretention Area, Troy, Ml
Source: City of Troy

LID Manual for Michigan — Chapter 1

Additionally, municipal and agency engineers or consul-
tants often advise the commissions, boards, or agency
management they work for on appropriate design crite-
ria to use in ordinances, standards, and procedures. The
design portions of this manual will provide specific
design criteria that these stakeholders can adapt and
recommend as appropriate to requests from the commu-
nities they represent.

How to use the manual: These stakeholders are the
most technical stakeholders and will routinely use the
technical design standards section of the manual (Chap-
ters 5, 6, 7, and 9). This manual provides design criteria
that assists incorporating LID techniques into a site
design as well as the basis for reviewers to evaluate LID
techniques submitted to them.

Local Public Works/Drain Commission/
Road Commission/Michigan Department
of Transportation

Role in LID: These stakeholders are responsible for
designing, implementing, and maintaining roads and
drains. Road and drain projects represent a major oppor-
tunity for implementing LID in Michigan.

How to use the manual: The detailed design criteria in
Chapters 6, 7, 8, and 9 are adaptable for use in Michi-
gan’s transportation and drainage networks.

Citizens/Business Owners/Watershed
and Environmental Organizations
Regional Organizations/Other LID
Proponents

Role in LID: These are stakeholders that may desire to
implement LID practices on sites that they own or have
influence over. In some cases, organizations may wish
to promote the benefits of LID to interested individuals,
groups, and communities.

How to use the manual: Chapters 6, 7, and 9 will be
the most useful to those wishing to implement LID
practices. Chapters 1, 2, 3, and 10 will be useful to those
promoting LID implementation.

Feedback on the manual

Feedback from users is integral in identifying the
effectiveness of the manual as well as providing future
updates to keep the manual as accurate and relevant
as possible. Please submit comments or suggestions
to infocenter@semcog.org. For additional copies,
this manual is available online as a PDF in color at
semcog.org.
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Chapter 2

Stormwater Management in Michigan: Why LID?

Clean water resources are essential to the economic
vitality of Michigan. Proper stormwater management
is an essential component of water quality protection.
Low impact development is a cornerstone of stormwa-
ter management and thus is the pathway to protecting
water resources and enabling economic growth.

This chapter discusses:

* The importance of the water cycle,

* The impacts of stormwater runoff,

¢ An overview of what LID is and how it works,

* Benefits of implementing LID,

¢ Cost effectiveness and LID,

* Relationship of LID to other programs, and

* Getting started with LID.

Figure 2.1
Water Cycle

Source: Stream Corridor Restoration: Principles,
Processes, and Practices, 10/98, by the Federal Interagency
Stream Restoration Working Group (FISRWG).
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The importance of the
water cycle

A key component of protecting water resources is keep-
ing the water cycle in balance. The movement of rainfall
from the atmosphere to the land and then back to the
atmosphere — the water (hydrologic) cycle — is a natu-
rally continuous process essential to human and virtually
all other forms of life (Figure 2.1). This balanced water
cycle of precipitation, evapotranspiration, infiltration,
groundwater recharge, and stream base flow sustains
Michigan’s vast but fragile water resources.
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In a natural woodland or meadow in Michigan, most of
the annual rainfall soaks into (infiltrates) the soil mantle.
Over half of the annual rainfall returns to the atmo-
sphere through evapotranspiration. Surface vegetation,
especially trees, transpire water to the atmosphere with
seasonal variations.

Water that continues to percolate downward through the
soil reaches the water table and moves slowly down-
gradient under the influence of gravity, ultimately
providing baseflow for streams and rivers, lakes, and
wetlands. On an annual basis, under natural conditions,
only a small portion of annual rainfall results in imme-
diate stormwater runoff (Figure 2.2). Although the total
amount of rainfall varies in different regions of the state
(see Chapter 3), the basic relationships of the water
cycle are relatively constant.

Conventional land development changes the land surface
and impacts the water cycle (Figure 2.3). Altering one
component of the water cycle invariably causes changes
in other elements of the cycle. Impervious surfaces, such
as roads, buildings, and parking areas, prevent rainfall
from soaking into the soil and significantly increase
the amount of rainfall that runs off. Additionally,
research shows that soil compaction resulting from
land development produces far more runoff than the
presettlement soil conditions. As natural vegetation
systems are removed, the amount of evapotranspiration
decreases. Asimperviousareas increase, runoffincreases,
and the amount of groundwater recharge decreases.

Figure 2.2
Approximate annual water cycle for an
undeveloped acre in Michigan
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These changes in the water cycle have a dramatic effect
on our water resources. As impervious and disturbed
or compacted pervious surfaces increase and runoff
volumes increase, stream channels erode, substrate in
the river bottom is impacted, habitat is lost or reduced,
and populations of fish and other aquatic species decline.
Reduced infiltration and groundwater recharge results
in lowered water tables and reduced stream baseflow,
generally worsening low flow conditions in streams
during dry periods.

The Impacts of stormwater
runoff

Stormwater runoff is rainfall or snowmelt that runs off
the land and is released into rivers and lakes. Problems
related to stormwater runoff are most evident in areas
where urbanization has occurred. As mentioned above,
the change in the water cycle has a dramatic effect on
our water resources. This impact is based on both the
quantity and quality of stormwater runoff reaching our
rivers and lakes.

The impacts of stormwater runoff are well documented
in Michigan and throughout the country. They include:

« Increased flooding and property damage.
Increased impervious surfaces decrease the amount
of rainwater that can naturally infiltrate into the
soil and increase the volume and rate of stormwater
runoff. These changes lead to more frequent and
severe flooding and potential damage to public and
private property.

Figure 2.3
Representative altered water cycle under the
impervious parking lot
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» Degradation of the stream channel. One result
of runoff can be more water moving at higher
velocities through stream channels. This condition
is called “flashy flows” and happens at increased
frequency as an area is developed. As a result,
both the streambank and stream bed are eroded
more frequently. This can result in widening and
deepening the channel, as well as a decline in
stream substrate quality, and degradation of habitat.

Streambank erosion and degraded habitat
Source: Wayne County Department of Environment

» Less groundwater recharge and dry weather
flow. As impervious surfaces increase, the
infiltration of stormwater to replenish groundwater
decreases. Groundwater is important because many
people rely on groundwater for their drinking
water supply. In addition, the groundwater “feeds”
rivers and lakes especially during the dry season
to ensure a steady flow. When the groundwater
recharge decreases, the amount of dry weather flow
decreases, negatively impacting aquatic life and
recreational opportunities.

» Impaired water quality. Impervious surfaces
accumulate pollutants that are absorbed by
stormwater runoff and carried to lakes and streams.
Examples of these pollutants include:

* Hydrocarbons and trace metals from vehicles,

* Suspended solids from erosive stream banks and
construction sites,

¢ Chlorides from road salt,

* Nutrients from fertilizer and grass clippings and
leaves left on streets and sidewalks, and

* Bacteria from pet waste, goose droppings, and
other wildlife.
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« Increased water temperature. Impervious surfaces
are warmed by the sun. Runoff from these warmed
surfaces increase the temperature of water entering
our rivers and lakes. This can adversely impact
aquatic life that requires cold water conditions (e.g.,
trout).

* Loss of habitat. The decline in habitat due
primarily to the erosive flows and the increased
water temperature will negatively impact the
diversity and amount of fish and aquatic insects.

« Decreased recreational opportunities. Stormwater
runoff can negatively impact water resources in
many different ways (e.g., decreased water quality,
increased temperature, and decreased habitat). The
result is diminished recreational and economic
opportunities for communities throughout the state.

Stormwater solutions —
Low Impact Development

What is LID?

From a stormwater management perspective, low impact
development (LID) is the application of techniques

that emulate the natural water cycle described in the

previous section LID uses a basic principle modeled
after nature: manage rainfall by using design techniques

that infiltrate, filter, store, evaporate, and detain runoff

close to its source.

Techniques are based on the premise that stormwater

is a resource, not a waste to be quickly transported and
disposed. Instead of conveying and managing/treating
stormwater in large, costly, end-of-pipe facilities located
often at the bottom of drainage areas, LID addresses
stormwater through small, cost-effective landscape

features often located at the lot level.

Native plantings at East Grand Rapids, Ml Community Center

Page 7



Almost all components of the urban environment have
the potential to serve as elements of an integrated storm-
water management system. This includes open space, as
well as rooftops, streetscapes, parking lots, sidewalks,
and medians. LID is a versatile approach that can be
applied equally well to new development, urban rede-
velopment, and in limited space applications such as
along transportation corridors.

How does LID work?

LID strives to replicate virtually all components of the
natural water cycle by:

* Minimizing total runoff volume,

» Controlling peak rate of runoff,

* Maximizing infiltration and groundwater recharge,

* Maintaining stream baseflow,

* Maximizing evapotranspiration, and

* Protecting water quality.

Stormwater management historically focused on
managing the flood effects from larger storms.
Exclusive reliance on peak rate control prevents
flooding, but doesn’t protect streams and water qual-
ity. Thorough stormwater management should target

infrequent large storms, as well as the much more
frequent, smaller storms.

With the change in land surface generated by land devel-
opment, not only does the peak rate of runoff increase,
but the total volume of runoff also often dramatically
increases. LID focuses on both peak rates and total
volumes of runoff. LID application techniques are
designed to hold constant peak rates of runoff for larger
storms and prevent runoff volume increases for the
much more frequent, smaller storms. Thus, the natural
flow pattern is kept in better balance, avoiding many of
the adverse impacts associated with stormwater runoff.

LID focuses on the following stormwater outcomes,
described in more detail in Chapter 9:

* Preventing flooding,
* Protecting the stream channel,
* Improving and protecting water quality, and

* Recharging groundwater.

Chapter 9 describes recommended criteria that commu-
nities and/or developers may use at the site level to
implement LID designs. This may also be used at the
community level to develop standards to ensure that
development meets the outcomes listed above.

Infiltration practices often associated with LID provide
enhanced water quality benefit compared to many other
BMPs. Percent of pollutant removal for various LID
practices is shown in the table below.

Table 2.1
Pollutant Removal Table (in percentages)
Pollutant Infiltration Stormwater Stormwater Filtering Prac- | Water Quality | Stormwater
Practices Wetlands Ponds Wet tices Swales Dry Ponds
Total Phosphorus 70 49 51 59 34 19
ﬁﬁg’sﬂﬁoms 85 35 66 3 38 -6
Total Nitrogen 51 30 33 38 84 25
Nitrate 82 67 43 -14 31 4
Copper N/A 40 57 49 51 26
Zinc 99 44 66 88 71 26
TSS 95 76 80 86 81 47

Source: “National Pollutant Removal Performance Database for Stormwater Treatment practices” Center for Watershed

Protection, June 2000.
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Principles of LID

Successful application of LID is maximized when it is
viewed in the context of the larger design process. This
process is reflected in a set of principles used to guide
development of this manual.

e Plan first,

* Prevent. Then mitigate,

e Minimize disturbance,

* Manage stormwater as a resource — not a waste,
*  Mimic the natural water cycle,

¢ Disconnect. Decentralize. Distribute,

* Integrate natural systems,

* Maximize the multiple benefits of LID,

* Use LID everywhere, and

* Make maintenance a priority.

Plan first. To minimize stormwater impacts and opti-
mize the benefits of LID, stormwater management and
LID should be integrated into the community planning
and zoning process.

Prevent. Then mitigate. A primary goal of LID is
preventing stormwater runoff by incorporating nonstruc-
tural practices into the site development process. This
can include preserving natural features, clustering
development, and minimizing impervious surfaces.
Once prevention as a design strategy is maximized,
then the site design — using structural BMPs — can be
prepared.

Minimize disturbance. Limiting the disturbance of a
site reduces the amount of stormwater runoff control
needed to maintain the natural hydrology.

Manage stormwater as a resource — not a waste.
Approaching LID as part of a larger design process
enables us to move away from the conventional concept
of runoff as a disposal problem (and disposed of as
rapidly as possible) to understanding that stormwater is
a resource for groundwater recharge, stream base flow,
lake and wetland health, water supply, and recreation.

LID Manual for Michigan — Chapter 2

Mimic the natural water cycle. Stormwater manage-
ment using LID includes mimicking the water cycle
through careful control of peak rates as well as the
volume of runoff and groundwater recharge, while
protecting water quality. LID reflects an appreciation
for management of both the largest storms, as well as
the much more frequent, smaller storms.

Disconnect. Decentralize. Distribute. An important
element of LID is directing runoff to BMPs as close
to the generation point as possible in patterns that are
decentralized and broadly distributed across the site.

Integrate natural systems. LID includes careful
inventorying and protecting of a site’s natural resources
that can be integrated into the stormwater management
design. The result is a natural or “green infrastructure”
that not only provides water quality benefits, but greatly
improves appearance by minimizing infrastructure.

Maximize the multiple benefits of LID. LID provides
numerous stormwater management benefits, but also
contributes to other environmental, social, and economic
benefits. In considering the extent of the application of
LID, communities need to consider these other benefits.

Use LID everywhere. LID can work on redevelopment,
as well as new development sites. In fact, LID can be
used on sites that might not traditionally consider LID
techniques, such as in combined sewer systems, along
transportation corridors, and on brownfield sites. Broad
application of LID techniques improves the likelihood
that the desired outcome of water resource protection
and restoration will be achieved.

Make maintenance a priority. The best LID designs
lose value without commitment to maintenance. An
important component of selecting a LID technique is
understanding the maintenance needs and institutional-
izing a maintenance program. Selection of optimal LID
BMPs should be coordinated with both the nature of the
proposed land use/building program and the owners/
operators of the proposed use for implementation of
future maintenance activities.
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Benefits of implementing LID

Implementing LID offers numerous benefits to commu-
nities, developers, and the public that extend well beyond
water quality protection. Here are some examples:

Communities, agencies, and the public

* Reduces municipal infrastructure and utility
maintenance costs (e.g., streets, curbs, gutters,
storm sewers).

* Increases energy and cost savings for heating,
cooling, and irrigation.

* Reduces flooding and streambank erosion.
* Replenishes groundwater drinking supply.
* Assists in meeting regulatory obligations.

» Serves multiple purposes (e.g., traffic calming,
greenways).

* Brings neighborhoods together in maintaining LID.
* Increases recreational opportunities.

* Provides environmental education opportunities.

* Improves quality of life for residents.

* Protects community character/aesthetics.

* Protects and enhances sensitive habitat.

* Restores/protects fisheries and other aquatic life.

* Reduces salt usage and snow removal on paved
surfaces.

Recreation in Glen Haven, Ml
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Developers

Reduces land clearing and grading costs.

Potentially reduces infrastructure costs (e.g., streets,
curb, gutters).

Reduces stormwater management construction
costs.

Increases marketability leading to faster sales.

Potentially increases lot yields/amount of
developable land.

Assists in meeting LEED (Leadership in Energy
and Environmental Design) Certification
requirements.

Appealing development consistent with the public’s
desire for environmental responsibility.

Environmental

Protects/restores the water quality of rivers and
lakes.

Protects stream channels.

Reduces energy consumption.

Improves air quality.

Preserves ecological and biological systems.

Reduces impacts to terrestrial and aquatic plants
and animals.

Preserves trees and natural vegetation.

Maintains consistent dry weather flow (baseflow)
through groundwater recharge.

Enhances carbon sequestration through preservation
and planting of vegetation.

Michigan inland lakeshore on Horseshoe Lake,
Northfield Township, Ml
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Cost effectiveness and LID

A variety of sources are now available documenting the
cost effectiveness — even cost reductions — which can
be achieved through the application of LID practices.
The U.S. Environmental Protection Agency (EPA)
released Reducing Stormwater Costs Through Low
Impact Development (LID) Strategies and Practices,
reporting on cost comparisons for 17 different case
studies across the country. EPA results demonstrate
the positive cost advantages of LID practices, when
compared with traditional development patterns using
conventional stormwater management techniques.

Based on this recent work, EPA concludes that, in the
majority of cases, significant cost savings resulted from
reduced site grading and preparation, less stormwater
infrastructure, reduced site paving, and modified land-
scaping. Total capital cost savings ranged from 15 to
80 percent when using LID methods. Furthermore,
these results are likely to conservatively undercount
LID benefits. In all cases, there were benefits that this
EPA study did not monetize or factor into each project’s
bottom line. These benefits include:

* Improved aesthetics,
* Expanded recreational opportunities,

* Increased property values due to the desirability
of the lots and their proximity to open space,

* Increased total number of units developed,
* Increased marketing potential, and

e Faster sales.

Traverse City, MI, Marina
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Using LID to meet regulatory
requirements

LID practices can be used to meet a variety of state
and federal permit programs. These range from the
National Pollutant Discharge Elimination System
(NPDES) Phase | and Phase Il stormwater require-
ments, to combined sewer overflow (CSO) and sani-
tary sewer overflow (SSO) requirements. For example,
many Michigan municipalities are plagued with CSO
problems as well as SSOs caused by excessive inflow
of stormwater and groundwater into the sanitary sewer
system. Communities can integrate LID practices,
such as a residential rain barrel program and down-
spout disconnection to their overflow control programs
to help reduce stormwater inflow into the system,

\thereby reducing overflows. J

Additionally, cost estimates do not include any sort of
monetizing of the environmental impacts which are
avoided through LID, as well as reductions in long-term
operation and maintenance costs, and/or reductions
in the life cycle costs of replacing or rehabilitating
infrastructure.

Confirming EPA results, a recent report by the Conser-
vation Research Institute for the Illinois Conservation
Foundation, Changing Cost Perceptions: An Analysis
of Conservation Development, 2005, undertook three
different types of analyses on this cost issue — a litera-
ture review, an analysis of built-site case studies, and
a cost analysis of hypothetical conventional versus
conservation design templates. In terms of literature
review, this study concludes:

¢ Public infrastructure costs are lower when a
development is built within the context of smart
growth patterns that conserve land.

» At the site level, significant cost savings can be
achieved from clustering, including costs for
clearing and grading, stormwater and transportation
infrastructure, and utilities.

* Installation costs can be between $4,400 and $8,850
cheaper per acre for natural landscaping than for
turf grass approaches.
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Table 2.2

Summary of Cost Comparisons Between Conventional and LID Approaches

Conventional Percent
Project Development Cost LID Gost Cost Difference | Difference
2 Avenue SEA Street $868,803 $651,548 $217,255 25%
Auburn Hills $2,360,385 $1,598,989 $761,396 32%
Bellingham City Hall $27,600 $5,600 $22,000 80%
Bellingham Bloedel Donovan Park $52,800 $12,800 $40,000 76%
Gap Creek $4,620,600 $3,942,100 $678,500 15%
Garden Valley $324,400 $260,700 $63,700 20%
Laurel Springs $1,654,021 $1,149,552 $504,469 30%
Mill Creek? $12,510 $9,099 $3,411 27%
Pairie Glen $1,004,848 $599,536 $405,312 40%
Somerset $2,456,843 $1,671,461 $785,382 32%
Tellabs Corporate Campus $3,162,160 $2,700,650 $461,510 15%

@ Mill Creek costs are reported on a per-lot basis.

Source: Low Impact Development (LID) Strategies and Practices, USEPA, 2007

* Maintenance cost savings range between $3,950
and $4,583 per acre, per year over 10 years for
native landscaping approaches over turf grass
approaches.

*  While conventional paving materials are less
expensive than conservation alternatives, porous
materials can help total development costs go
down, sometimes as much as 30 percent by
reducing conveyance and detention needs.

» Swale conveyance is cheaper than pipe systems.

» Costs of retention or detention cannot be examined in
isolation, but must instead be analyzed in combination
with conveyance costs, at which point conservation
methods generally have a cost advantage.

* Green roofs are currently more expensive to install
than standard roofs, yet costs are highly variable
and decreasing. Green roofs also have significant
cost advantages when looking at life cycle costs
(e.g., building, heating, and cooling costs).

LID Manual for Michigan — Chapter 2
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Principles of Smart Growth

~

* Create a range of housing opportunities and choices.
* Create walkable neighborhoods.

* Encourage community and stakeholder
collaboration.

» Foster distinctive, attractive communities with a
strong sense of place.

* Make development decisions predictable, fair, and
cost effective.

e Mix land uses.

* Preserve open space, farmland, natural beauty, and
critical environmental areas.

» Provide a variety of transportation choices.

 Strengthen and direct development towards existing
communities.

» Take advantage of compact building design.

\Source: Smart Growth Network

/
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Relationship of LID to
other programs

LID is compatible with the principles of smart growth
and the requirements of the U.S. Green Building Coun-
cil’s LEED program because LID offers prevention and
mitigation benefits that make land development much
more sustainable.

LID and Smart Growth

LID is often seen as a site specific stormwater manage-
ment practice, while smart growth is often a broader
vision held at a community, county, or regional level.
However, as noted in Chapter 4, an important first step in
LID is incorporating LID at the community level.

There are direct connections between LID and smart
growth. For example, principles relating to compact
building design and preserving natural features directly
relate to nonstructural LID BMPs listed in Chapter 6.
Upon further evaluation, LID is also consistent with
the larger concepts of stakeholder collaboration; foster-
ing communities with a strong sense of place; and
implementing fair, predictable, and cost effective devel-
opment decisions.

LID and LEED

The Leadership in Energy and Environmental Design
(LEED) certification encourages and accelerates global
adoption of sustainable green building and develop-
ment practices by creating and implementing widely
understood and accepted tools and performance crite-
ria. LEED has developed rating systems for a myriad
of development scenarios, including new construction,
existing buildings, commercial interiors, core and shell,
schools, retail, healthcare, homes, and neighborhood
development.

As with Smart Growth, there are significant connections
between LID and LEED certification. In fact, LID prac-
tices are integrated into each of the LEED rating systems.

The United States Green Building Council (USGBC),
the Congress for New Urbanism and the National
Resources Defense Council are currently working on
a new rating system called LEED for Neighborhood
Development (LEED-ND). The strongest connection
between the LEED system and LID will be through
LEED-ND certification. LEED-ND is part of the natural
evolution of the green building movement, expanding
sustainability standards to the scale of the neighbor-
hood. While current green building standards focus on

LID Manual for Michigan — Chapter 2
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Fairmount Square LEED
Certification

Fairmount Square is a 4-acre infill site that uses
rainwater capture, porous pavement, and rain
gardens to manage its stormwater. The project
is also seeking various LEED credits for new
construction.

The building was designed with a focus of
structural longevity and durability, energy
efficiency, and a high quality indoor environment.
Key site features include: better insulated concrete
framing and roofing material and the use of low
off-gassing interior materials such as carpet,
paints, caulks, and adhesives. The project also
takes advantage of existing infrastructure by being
close to transit lines and other community features
within walking distance to the site.

Fairmount Square, Grand Rapids, Ml

\Source: Fishbeck, Thompson, Carr & Huber, Inc. J

buildings in isolation, LEED-ND will bring emphasis
to the elements that determine a development’s rela-
tionship with its neighborhood, region, and landscape.
LEED-ND sets standards in four categories that pinpoint
essential neighborhood characteristics:

* Complete, compact, and connected neighborhoods,
* Location efficiency,

* Resource efficiency, and

* Environmental preservation.

Currently, the LEED-ND system is being piloted by the
USGBC. The post-pilot version of the rating system,
which will be available to the public, is expected to
launch in 2009 (See LEED-ND criteria pullout).
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Getting started with LID

LID can be implemented by many different groups,
including communities, counties, developers, agen-
cies, or individuals. Implementing LID can take many
forms. For some, implementation might be encouraged
on a voluntary basis during the site plan review process.
For others, LID might become an expected application
at each site and be institutionalized in an ordinance or
through multiple ordinances.

A key first step is for different institutions within a
local government to discuss the pros and cons of vari-
ous approaches to LID. These stakeholders might include
mayors/supervisors, councils/trustees, planning commis-
sions, public works department, etc. The outcome of these
discussions will be action steps toward instituting LID at
the desired scale on a community basis.

City of Wixom, MI Habitat Park
Source: Hubbell, Roth & Clark, Inc.
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Chapter 3

LID in Michigan: The Key Determinants

This chapter summarizes Michigan data for the key
determinants and variables that are used in LID design.
Included with the descriptions of these determinants
and variables are resources for obtaining data. The
figures, tables, data, etc., included in this chapter are
for illustrative purposes only and should not be used for
design. Wherever possible, design should be based on
site specific information gathered by field investigation
or other local data sources. This chapter discusses:

* Michigan climate, including rainfall, snowfall, and
soil freezing,

* Geology and soil groups,
* Plant resources, and

* Sensitive areas, including wetlands, wellhead
protection areas, and sensitive and impaired waters.

The State of Michigan is a land of contrasts and broad
continuums. Driven by climate changes, vast ancient
inland seas and mile-high glaciers expanded and
contracted over the Michigan landscape. These move-
ments left behind and sculpted geological material
overlying mineral deposits across the state and contrib-
uted to the emergence of a variety of watersheds with
a wide range of characteristics. For example, soils in
Michigan range from heavy clay, such as ancient lake
sediments on the eastern side of the state, to the very
well-draining sands of the northern half of the Lower
Peninsula. This may lead practitioners to think that a
single development strategy — minimizing hydrologic
impacts — would be difficult to implement and stan-
dardize. However, LID works across many continuums
precisely because the benchmark is always local and
calibrated to the local hydrologic conditions.

This manual was prepared for use throughout Michi-
gan. In design, LID is structured to maximize the use of

natural features to mimic presettlement hydrology. In
application, LID must be site specific. The site specific
considerations highlighted in this chapter provide a
preview of what to include in a local LID program. The
generalized data in this chapter are provided for illustra-
tive purposes. This should be substituted with the best
available local data.

Climate

Climate drives site hydrology. Michigan’s unique
location, bordering four Great Lakes, moderates and
exacerbates climate conditions. The lakes can moderate
temperature extremes but can also significantly change
precipitation patterns. For instance, lake effect precipi-
tation results in the highest annual precipitation totals
on the southwestern side of the state. Precipitation in
the form of rainfall and snowmelt, and issues relating to
freeze/thaw are key determinants that must be consid-
ered when using LID techniques.

Rainfall

A common goal in applying LID is to keep as much
stormwater on a site as possible. Therefore, design is
closely related to rainfall patterns in a particular area.
The average annual rainfall in Michigan ranges from less
than 28 inches to more than 38 inches per year (Figure
3.1). Annual rainfall varies from the wetter southwest
to the drier north and east. But, storm frequency data
show some consistency across the state. For example,
the two-year frequency, 24-hour duration storm only
varies by region from 2.09 to 2.42 inches (Table 3.1).
(Storm frequency is based on the statistical probability
of a storm occurring in a given year. That is, a 10-year,
24-hour storm has a 10 percent chance of occurring
in any single year; a 50-year storm has a two percent
chance; and a 100-year storm, a one percent chance).

Table 3.1

Rainfall Event Totals of 24-Hour Duration in Michigan
Region of Michigan (numbhers refer to the 1-year 2-year 10-year 50-year 100-year
sections of Michigan in Huff and Angel) Storm (in.) | Storm (in.) | Storm (in.) | Storm (in.) | Storm (in.)
Southwest Lower (8) 1.95 2.37 3.52 5.27 6.15
South-Central Lower (9) 2.03 2.42 3.43 4.63 5.20
Southeast Lower (10) 1.87 2.26 3.13 3.98 4.36
Northwest Lower Peninsula (3) 1.62 2.09 3.21 447 5.08
West Upper Peninsula (2) 1.95 2.39 3.48 4.73 5.32

Source: Huff and Angel, 1992. Rainfall Frequency Atlas of the Midwest
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Precipitation also varies slightly by season—the wettest
seasons being summer (averaging 30 percent of the total
annual precipitation) and fall (28.6 percent), followed
by spring (24 percent) and winter (17.4 percent). (Huff
and Angel, 1992) This seasonal variation is even more
dramatic in terms of the largest one-day storms; only 2.3
percent of these large storms occurred in winter, while
44.2 percent fell in fall and 39.5 percent in summer.
(Huff and Angel, 1992)

Figure 3.1
Average Annual Precipitation in Michigan

Source: NRCS National Cartography and Geospatial Center

LID Manual for Michigan — Chapter 3

Although large storms are critical in terms of flooding,
most rainfall in Michigan actually occurs in relatively
small storm events, as indicated in Figure 3.2. Approxi-
mately three-quarters of the average annual rainfall
throughout the state occurs in storms of one inch or
less (76.3 percent calculated for Lansing). About 95
percent of the average annual rainfall occurs in storms
of two inches or less, and over 98 percent of average
annual rainfall occurs in storms of three inches or less.
As discussed above, the two-year frequency rainfall is
approximately 2-2.5 inches.
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Figure 3.2

Rainfall Distribution by Storm Size for Lansing,
Michigan based on Daily Precipitation Values
from 1948 to 2007

When stormwater management only addresses large
events (two-year storms and greater), much of the actual
rainfall and runoff are not properly managed (as much
as 95 percent of the annual rainfall). Therefore, manag-
ing smaller storms that comprise the vast majority of
the annual rainfall in Michigan is critical.

Rainfall frequency data, for application in stormwater
calculations, can be found in Chapter 9.

Resources:

1. The most frequently used rainfall data has been
compiled by Huff, F.A. and Angel, J.R. See:
Rainfall Frequency Atlas of the Midwest, 1992.
Bulletin 71 Midwestern Climate Center and Illinois
State Water Survey. MCC Research Report 92-03.
Available for free download at: http://www.sws.
uiuc.edu/pubdoc/B/ISWSB-71.pdf

2. Long-term daily and monthly precipitation data for
about 25 stations throughout Michigan is available
free from the United States Historical Climatology
Network (USHCN) at: http://cdiac.ornl.gov/epubs/

ndp/ushcn/ushen_map_interface.html
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Snow and soil freezing

Snowfall and soil freezing are both important consid-
erations when applying LID practices in Michigan.
This is due to numerous issues including storage of
large quantities of snow and the impact of freezing on
the functioning of the BMP. (Chapter 7 details these
considerations and provides solutions for Michigan).
The degree to which these factors drive LID design will
vary significantly in different parts of the state.

When selecting and designing a BMP, local information
on snowfall is important. Annual snowfall in Michigan
increases from southeast to northwest, with an aver-
age of 30 inches near Lake Erie, an average of 100-150
inches in the northern Lower Peninsula, and an average
of 200 inches in the northern Upper Peninsula (Figure
3.3). In the Lower Peninsula, a lake effect snowbelt
extends 10-80 km inland from the shore of Lake Michi-
gan (Thomas 1964, cited in Isard and Schaetzl, 1998).

Figure 3.3
Average Annual Snowfall in Inches (1971 - 2000)

Source: Weather Michigan: (http://www.weathermichigan.com)

Local soil freezing information is another important
consideration for LID design. This is because ice in soil
pores block water infiltration and cause runoff of snow-
melt or rain from infiltration BMPs. There are design
considerations, such as the use of compost or mulch
that insulate infiltration BMP soils (refer to Chap-
ter 7). A thick, persistent snowpack also insulates soil
from below-freezing air temperatures. In the snowbelt
regions, soil freezing is less frequent, and in some years
nonexistent, compared to areas with little or no persis-
tent snow cover throughout the winter (Figure 3.4). On
average, the snowbelt regions experience less than two
freeze-thaw cycles per year. In contrast, the eastern and
southeastern portions of the Lower Peninsula usually
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Figure 3.4
Soil Freezing in Lower Michigan

Source: Schaetzl and Tomczak, 2002

experience three to five freeze-thaw cycles per year
and the soil may freeze to a depth of five centimeters or
more even in warm winters (Isard and Schaetzl, 1998).

Resources:

1. Snowfall and snow cover data are available at;

http://www.ncdc.noaa.gov/snow-and-ice/recent-snow/.

2. Soil temperature data for the past two months at a
limited number of locations can be found at:

https://mawn.geo.msu.edu/.

Earth resources

Geology/Soils

Because many LID techniques rely on infiltrating rain
water and runoff, it is essential to consider the soil prop-
erties and underlying geology that control the balance
between infiltration, runoff, and groundwater eleva-
tions. Soil type and texture class determine the rate of
infiltration, the amount of water stored in the soil pores,
and the relative effort required by evaporation or plant
roots to draw water back up against gravity.
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Depth to groundwater and depth to bedrock are impor-
tant considerations in BMP design and can constrain
design of infiltration BMPs. Although rare in Michigan,
karst formations present another potential constraint to
infiltration BMPs. Karst is a carbonate-based bedrock,
such as limestone or dolomite, that is highly soluble.
Increasing infiltration into karst formations can hasten
the dissolution of rock and potentially lead to subsur-
face voids and sinkholes.

Soils in Michigan are somewhat unique. In most areas
of the world, bedrock is weathered to produce soils.
However, in Michigan, glacial deposits have buried the
bedrock in most areas. This makes the surface geology
different in origin and composition than the underlying
bedrock geology (Figure 3.5).

In Michigan, ancient bedrock materials are covered with
200-300 feet of glacial deposits, and in some places
1,200 feet of deposits (Kelley, 1960). In general, the
surface geology shifts from clay in the southeast Lake
Erie region to sands in the north and west (Figure 3.6).

Successfully implementing LID requires balancing
the interdependent variables that affect site hydrology.
Soils are a key aspect of hydrology that exemplifies this
balancing act. Except for a few areas in Michigan where
bedrock is exposed in outcrops or erosion of glacial
deposits, it is the surface geology that determines soil
properties.

For LID, a soil’s infiltration capacity should be under-
stood in relation to the soil’s capacity to filter/remove
pollutants before reaching groundwater. Clays have
very low infiltration rates but tend to have the highest
capacity for removing pollutants. On the other hand,
sands have high infiltration rates, but tend to have low
capacities for removing pollutants. Organic-rich soils
tend to have high infiltration rates, but are often found
in high groundwater locations. Organic-rich soils also
tend to have high capacities for pollutant removal.
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Figure 3.5
Michigan Bedrock Geology

Source: US Forest Service, Great Lakes Ecological Assessment, (http://www.ncrs.fs.fed.us/gla/)
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Figure 3.6
Michigan Surficial Geology

Source: US Forest Service, Great Lakes Ecological Assessment, (http://www.ncrs.fs.fed.us/gla/)

Soil groups

Soils can be grouped and classified in a number of ways,
including by:

* Soil orders (soil origin and properties),

» Texture class (silt, clay, loam, etc.),

* Engineering properties (bearing strength, internal
cohesion, angle or repose, etc.),

* Chemical properties (acidity, cation exchange
capacity), and

* Hydrologic properties (well-drained, poorly
drained).

The Natural Resources Conservation Service (NRCS)
has developed electronic maps of almost all soils in
Michigan (refer to: http://websoilsurvey.nrcs.usda.gov/
app/). NRCS delineates soils by series; these soils series
and names are locally specific. NRCS has associated
the series names and soil properties in this spatial, elec-
tronic database.
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Although soil series names are different in counties
across the state, many soil series are quite similar with
respect to drainage. Soil series are assigned a Hydro-
logic Soil Group (HSG) rating, A-D, which describes
the physical drainage and textural properties of each
soil type and is useful for stormwater, wastewater,
and other applications (Figure 3.7). This HSG rating
usually is based on a range of permeability, as well as
certain physical constraints such as soil texture, depth
to bedrock, and seasonal high water table (SHWT) and
are defined in Table 3.2.

All soils are permeable and drain to some degree unless
they are saturated by hydrologic conditions, such as
hydric soils in a wetland. The wetter D soils have little
or no infiltration potential during rainfall and produce
much greater surface runoff with seasonal variability.
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Figure 3.7
Hydrologic Soils Group Classification

Source: United States Department of Agriculture, Natural Resources Conservation Service

Table 3.2
Hydrologic Soil Groups
Soil Group Soil Type Drainage Capacity
A sand, loamy sand, sandy loam very well drained and highly permeable
B silt loam, loam good
C sandy clay loam fair
D clay loam, silty clay loam, sandy clay, silty poorly drained and generally situated in a valley
clay, clay bottom or floodplain

LID Manual for Michigan — Chapter 3 Page 21



Most soils in Michigan are classified with a HSG rating
of A or B, both usually being very good for apply-
ing many stormwater management systems, as well as
onsite septic systems and other infiltration applications.
State Soil Geographic Database (STATSGO) data for
Michigan indicates that:

* 20 percent of soils are classified as A,
* 32 percent as B,
* 13 percent as C, and

* Three percent as D, along with some mixed (A/D,
B/D) classifications (Figure 3.8).

It should be noted that the permeability ranges listed for
the HSG ratings are based on the minimum rate of infil-
tration obtained for bare soil after prolonged wetting
(USDA SCS,1986). Vegetative cover increases these
rates three to seven times (Lindsey et. al., 1992).

It is important to also understand the infiltration capac-
ity of soils below the near-surface (approximately top
12 inches) to adequately characterize a soil’s infiltration
capacity because deeper soils may be more limiting to
infiltration than surface soils.

County soil surveys may be used as a preliminary source
for soil column characterization. However, it is recom-
mended that site specific soil testing be done before final
design and implementation of LID projects in order to
confirm soil characterization and infiltration capacity
(Appendix E).

Resources:

1. Soil survey data are available online from
NRCS Soil Surveys at: http://websoilsurvey.sc.
egov.usda.gov/App/HomePage.htm

Figure 3.8

Distribution of Hydrologic Soil Groupings (HSGs)
in Michigan
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Pollutant removal by soils

Many factors influence a soil’s pollutant removal capac-
ity. Factors that influence pollutant removal include
infiltrated water quality, and soil characteristics such as
age, pH, particle size, mineral content, organic matter
content, oxidation-reduction potential (redox), as well
as the soil flora and fauna at the surface and in the
subsurface. To simplify, this manual limits discussion to
a few key factors that are reasonable surrogates for esti-
mating pollutant removal through soils — soil organic
matter content and cation exchange capacity (CEC).

Soil provides the medium for decomposition of all
organic material generated on the land surface. Soil is
the habitat for a vast spectrum of micro- and macro-
organisms that form a natural recycling system. The
rhizosphere (the rooting zone) includes: roots, viruses,
bacteria, fungi, algae, protozoa, mites, nematodes,
worms, ants, maggots, other insects and insect larvae
(grubs), earthworms, and rodents.

Processed nutrients in the rhizosphere are, in turn, used
by the vegetative systems that develop on the soil mantle.
When precipitation is infiltrated, it transports pollutants
from the surface into this soil treatment system, which
effectively and efficiently breaks down most nonpoint
source pollutants (biologically), removes them from
the stormwater by cation exchange (chemically), and/or
physically filters them through soil particles.

One important measure of chemical pollutant removal
potential is the CEC which is closely related to the
organic content in the soil. Soils with a CEC of 10 milli-
equivalents per 100 grams of soil are very efficient as
a treatment medium, and offer the best opportunity to
reduce or completely remove most common pollutants,
such as phosphorus, metals, and hydrocarbons. Pollut-
ants that are dissolved in stormwater, such as nitrate, are
the exception. Nitrates typically move with the infiltrat-
ing rainfall and do not undergo significant reduction or
transformation, unless an anaerobic environment with
the right class of microganisms is encountered.

There are seven soil orders in Michigan with varying
CECs (Figure 3.9). The typical CEC ranges of these
soil orders are summarized in Table 3.3. Two soil orders
that have relatively high CECs in Michigan are Molli-
sols and Histosols. Mollisols are young soils formed
in grassland regions, and have high organic content
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derived from long-term additions from plant roots.  have high CEC. Histosols are common in the eastern
Mollisols are common in the southeastern portion of the ~ Upper Peninsula, and present sporadically in the Lower
Lower Peninsula and sporadic throughout the remain-  Peninsula.

der of the Lower Peninsula. Histosols, or peat-derived

soils, have very high organic matter content and also

Figure 3.9
Dominant Soil Orders of Michigan

Source Michigan State University Center for Remote Sensing and Geographic Sciences (http://www.rsgis.msu.edu)
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Table 3.3
Representative Cation Exchange Capacities in
Surface Soils

Soil Order CEC mol_kg™
Alfisols 0.12 +0.08
Aridisols 0.16 £ 0.05
Entisols 1.4+0.3
Inceptisols 0.19+0.17
Mollisols 0.22 +0.10
Oxisols 0.05 = 0.03
Spodosols 0.11 £ 0.05
Ultisols 0.06 + 0.06
Vertisols 0.37 £ 0.08

Source: Sposito, 1989. The Chemistry of Soils.

Biotic resources

Thebiotic resources of Michigan spanavastarray of flora
and fauna. These organisms impact the effectiveness of
stormwater management programs and are impacted by
the programs set in place. LID involves capitalizing on

Figure 3.10
Current Plant Communities of Michigan
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the unique opportunities afforded by natural systems to
a more significant extent than conventional stormwater
management. In turn, LID attempts to reduce impacts
on natural systems beyond the capacities of conven-
tional development.

Successfully applying LID involves shifting our approach
from design by reshaping the environment to design by
developing land in ways that take advantage of natural
processes. Clearly, minimizing impervious surfaces, a
key LID nonstructural BMP (Chapter 6), maximizes the
preservation of natural features. On developed land, many
LID BMPs emulate the process of natural soils, flora, and
fauna. The entire plant sphere, from the tree canopy to
the understory, shrubs and herbaceous shoots, plant litter,
and the rhizosphere is actively engaged in water recy-
cling. Along each step of the way, plants work to capture,
store, and reuse precipitation. LID BMPs capitalize on
this natural water conservation and reuse cycle.

In addition to the stormwater management benefits,
plant communities provide food, shelter, and habitat
for wildlife species in Michigan, including mammals,
birds, reptiles, amphibians, and insects.
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Preserving natural communities

Akey concept of LID is preserving natural areas through
various land design options (Chapter 6, Nonstructural
BMPs). During site design, it is critical to systematically
consider the present land cover, as well as the quality of
the existing ecological and plant communities in order
to determine if and how these communities should be
preserved through LID.

The Floristic Quality Assessment (Ml DNR, 2001) is a
method for evaluating the quality of existing ecological
and plant communities. The FQA provides a consistent
and repeatable method for evaluating plant quality and
biodiversity. Floristic quality is assumed to be an implicit
indicator of biological health and natural feature signifi-
cance. High floristic quality scores indicate that local
conditions, including hydrology and water quality, are
still functioning in a range that supports native vegeta-
tion. Figure 3.10 provides a graphic summary of current
plant communities throughout Michigan.

Using native plants for revegetation

LID BMPs usually include using native plants because
of the multiple benefits they provide. (For the purposes
of this manual, native plants are defined as those occur-

Figure 3.11
Ecoregions of Michigan

Source: USEPA
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ring in a given ecoregion prior to European settlement).
Native plants offer many advantages over non-natives,
while still providing beneficial services suchas increased
infiltration rates, nutrient removal from stormwater,
and carbon sequestration in their roots. Native plants
are typically drought and disease tolerant, require little
maintenance once established, and help restore plant
diversity and soil stability. Native plants also attract
a diverse abundance of wildlife including butterflies,
songbirds, and beneficial insects, such as honey bees.

Native plants help create aself-sustaining natural habitat.
Plant selection criteria should be based on an ecoregion
(Figure 3.11) to ensure that plants can survive and flour-
ish in specific climatic and environmental conditions.
Recommended commercially available native plant lists
by ecoregion and by BMP are provided in Appendix C
(Recommended BMP Plant Lists).

Exotic and invasive plant species

In addition to native species, approximately 800 non-
native plants have been introduced into the wild flora of
Michigan. Of these introduced species, a small percent-
age has become invasive. The Michigan Invasive Plant
Council (MIPC, www.invasiveplantsmi.org) defines an
invasive species as “an alien species whose introduction
does or is likely to cause economic or environmental
harm or harm to human health.”
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There is currently no single broadly accepted list of inva-
sive species in Michigan. However, MIPC is currently
evaluating species based on several scientific crite-
ria in order to produce a recommended list of species
identified as invasive. The Michigan Natural Features
Inventory also has produced a series of fact sheets on
selected invasive species (see Resources). Species that
are generally accepted as invasive typically include:

» Spotted knapweed (Centaurea maculosa),
* Purple loosestrife (Lythrum salicaria),

e Common reed (Phragmities australis),

» Garlic mustard (Alliaria petiolata), and

» Honeysuckle species (Lonicera spp.).

When designing a LID technique, it’s imperative to
use plants that are not invasive, preferably using plants
that are native to Michigan. That’s because invasive
species can affect the LID practice by altering the
natural community’s hydrologic processes. By affect-
ing soil and vegetative structure, invasive species have
the ability to increase erosion, decrease infiltration, and
decrease water filtration. For instance, garlic mustard, a
biennial herb, will often inhibit tree regeneration along
woodland edges. Fewer trees will lead to less rainfall
interception and lower amounts of organic matter in the
forest soil, thus reducing a soil’s ability to infiltrate and
treat stormwater.

In addition, many of the nonstructural BMPs include
preservation of natural areas. It’s important to note that
the quality of the natural area (not just quantity of the
natural area) also should be assessed. For example,
in preserving a riparian area, an inventory of potential
invasive species and a management program should be
put in place.

Resources:
1. Michigan Natural Features Inventory fact sheets
can be found online at: http:/mnfi.anr.msu.edu/

2. Michigan Department of Natural Resources
Floristic Quality Assessment. Refer to
http://www.michigandnr.com/publications/pdfs/
HuntingWildlifeHabitat/FQA _text.pdf
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Sensitive areas

When implementing LID in Michigan, itis vitally impor-
tant to understand the connection of the site to such
sensitive areas as wetlands, high quality waters, wellhead
protection areas, and impaired waterways. Each one of
these sensitive areas may require adjustment in the LID
design to ensure protection of these resources. Addi-
tional information on some of these topics can be found
in Chapter 8, Implementing LID in Special Areas.

Wetlands

In Michigan, approximately 3-5 million of the original
11 million acres of wetlands remain; the 100,000 acres of
coastal wetlands that remain represent only one-quarter
of presettlement cover (Mitsch and Gosselink, 1993).
Wetlands are delineated based on soil properties, hydro-
logic regime, and vegetation. LID provides an opportunity
in Michigan to help sustain hydrology and water quality
in wetlands. For instance, floristic quality and ecologi-
cal function are largely driven by water quality and the
amount of time the species is saturated with water.

Before changes in land use occurred, many wetlands
were fed mostly by groundwater. With land develop-
ment and artificial drainage, additional surface runoff is
channeled to wetlands. The additional surface runoff can
have adverse impacts such as raising inundation depths,
duration of high water, and degrading water quality.
Higher water depths maintained for longer periods of
time, either in combination with degraded water qual-
ity or alone, can significantly alter native wetland plant
populations. This is a problem that has transformed
many of Michigan’s emergent wetlands from areas of
diverse vegetation with a high level of habitat value to
flow-through cattail or phragmites ponds.

Wetlands provide important value and service, includ-
ing water storage, water quality improvement, and
habitat for aquatic fauna and birds. Wetlands produce
more wildlife and plants than any other Michigan habi-
tat type on an area basis (MDNR - Wetlands). For these
reasons most wetland systems should not be subjected
to significant hydrologic or water quality alterations.
Restoring historically lost wetlands and creating new
wetlands where they never existed are better alterna-
tives to address stormwater volume and control. The
Department of Environemental Quality has developed a
GI1S-based Landscape Level Wetland Functional Assess-
ment tool identifying prime areas for re-establishing
historically lost wetlands. Highly degraded wetlands
such as those dominated by invasive species may offer
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additional alternatives. (see “Utilizing Wetland Resto-
ration and Creation BMPs for Stormwater Volume
Control” p. 31).

The State of Michigan assumes responsibility for
administering Section 404 of the Clean Water Act
by regulating most inland wetlands within the state.
The Department of Environmental Quality regulates
wetlands under state law provided in Part 303 of the
Natural Resources and Environmental Protection Act
1994 PA 451. The state and the U.S. Army Corp of Engi-
neers together regulate wetlands adjacent to the Great
lakes and connecting channels. In general, wetlands
are regulated by the state if they have a direct surface
water connection or are within 500 feet of a lake, pond,
river, or stream; if they have a total area greater than 5
acres; or if the state determines that the protection of
the wetland is essential to the preservation of the natural
resources of the state.

Michiganencourages municipalities to regulate wetlands
not falling under the state program. State law (Part 303)
authorizes municipalities to regulate smaller wetlands,
provided municipalities use the same wetlands defini-
tion, regulatory standards, and application process used
by MDEQ. Some Michigan municipalities (e.g., Ann
Arbor Township) have addressed the value of wetlands
in their master plan, developed wetlands inventories,
and enacted wetlands ordinances, consistent with this
state guidance.

Based on three major attributes (soil properties, hydro-
logic regime, and vegetation), Michigan’s wetlands can
be divided into several major categories. Among these
classifications are:

* Bogs,

* Fens,

* Forested wetlands,

* Marshes,

* Shrub carr/thickets, and
*  Wet prairies.

Detailed descriptions of Michigan’s wetland types were
developed by the Michigan Natural Features Inventory.
The Michigan Department of Environmental Quality has
created county maps that overlay the National Weland
Inventory (NWI) data with soils data and MDNR’s
Michigan Resource Inventory System land cover data. In
Southeast Michigan, SEMCOG created maps that overlay
NWI data, soils data, and the SEMCOG 2000 land use/
land cover map for their seven-county planning region.
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Although these resources can be used as an overview,
onsite wetland delineations must be performed in accor-
dance with Part 303 for jurisdictional determination.

Resources:

1. Detailed description of wetland types from the
Michigan Natural Features Inventory can be found

at http://mnfi.anr.msu.edu/

2. MDEQ wetland maps can be viewed at
http://www.michigan.gov/cgi/0,4548,7-158-52927

53037 125037 12540 13817 22351-58858--,00.html.

3. SEMCOG’s Wetland Indicator Maps are available
at http://semcog.org

Figure 3.12
Designated Trout Streams and Lakes

Source: Michigan Groundwater Inventory and Mapping
Project, 2005 http://www.egr.msu.edu/igw/GWIM%20
Figure%20Webpage/index.htm
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Wellhead protection areas/
public water supply

Wellhead protection areas and public water supply
areas are sensitive areas due to the fact that residents
rely on groundwater for their drinking water. Therefore,
certain LID practices, specifically infiltration practices,
need to be assessed carefully in these areas (e.g., during
the site plan review process). Typically, appropriately
sized infiltration BMPs with a reasonable depth of
topsoil (18-24 inches) should provide a high degree of
filtering of runoff. However, there may be some combi-
nation of site constraints, including high groundwater
in a public supply area with rapidly infiltrating soils that
may necessitate a higher degree of water quality analy-
sis and design redundancy than typical infiltration BMP
designs. Please see Chapter 8 for additional information
on the use of infiltration BMPs in public water supply
areas.

Figure 3.13
Designated Natural Rivers

Source: MDNR, Michigan’s Natural Rivers Program
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Well data, wellhead protection areas, and other informa-
tion can be found at http://www.michigan.gov/deqwhp

Sensitive waters

Michigan has numerous designations highlighting high
quality waters. These include: trout streams and lakes
(Figure 3.12), natural rivers, federal wild and scenic
rivers, and outstanding state resource waters. In addi-
tion, waters that are currently designated with water
impairments may need special consideration as well.

When incorporating LID practices, special consider-
ation may need to be given to developments that drain
to these sensitive water resources. Chapter 8 provides
more details on LID implementation in these kinds of
areas.

The Michigan Department of Natural Resources has
identified trout streams and lakes and classifies them into
several categories based on various fishing regulations.
These waterbodies are of high quality and LID designs
near these areas should be carefully considered to avoid
adversely impacting water quality or water temperature.

Resources:

1. Michigan Inland Trout and Salmon Guide:
http://www.michigan.gov/dnr/0,4570,7-153-10364
63235-211883--,00.html
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The Michigan Natural Rivers Program began with the
Natural Rivers Act (1970). This program creates simple
zoning criteria that local communities use to design
a river protection plan. The purpose and goals of the
Natural Rivers Program are consistent with the goals
of LID. The Natural Rivers Act aims to minimize direct
impacts to the river, banks, and riparian corridor. The
communities in the watershed of a designated river
work together, across municipal and township boundar-
ies, to create a consistent plan for their waterbody. The
program stresses use of natural vegetative buffers in the
riparian area, as well as minimum lot widths and setback
distances to avoid overcrowding of development on
the riverbank (MDNR - Natural Rivers Webpage).
Currently, 2,091 miles of river are designated state
Natural Rivers in Michigan (Figure 3.13).

The Wild and Scenic Rivers Program is a federal
program that designates stream segments on public land
or otherwise protected open land as Wild and Scenic
Rivers based on scenic, recreational, geologic, fish and
wildlife, historic, cultural, and other similar values. The
program protects these stream segments by prohibiting
dams or other projects that would adversely affect the
river values, protecting outstanding natural, cultural,
or recreational values; ensuring that water quality is
maintained; and requiring creation of a comprehensive
river management plan. Where development occurs in
the watersheds of Wild and Scenic Rivers, LID would
be the building practice most consistent with the goals
of the Wild and Scenic Rivers Program. In Michigan,
16 stretches of rivers, comprising 625 miles, including
sections of the Pere Marquette, Au Sable, Tahquamenon
and Presque Isle Rivers, have been designated under the
Wild and Scenic Rivers Program.

Outstanding state resource waters

Where water quality of existing water bodies meets the
standards for its designated uses, the water is consid-
ered to be high quality. The quality of these waters must
be maintained and protected unless relaxing the stan-
dards is necessary to accommodate important economic
or social development in the area. No lowering of
water quality is allowed in waters that are designated
Outstanding State Resource Waters (OSRWSs). In
most cases, LID would be the development practice
most consistent with protecting OSRW water quality.
However, special provisions for water quality treatment
of runoff should be made in areas of highly permeable
soils such as sand.
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OSRWs include parts of the Carp, Ontonagon, Sturgeon,
Tahquamenon, Yellow Dog, and Two-Hearted Rivers;
all water bodies in Sleeping Bear Dunes National Lake-
shore, Pictured Rocks National Lakeshore and the Isle
Royale National Park; and all surface waters of the
Lake Superior basin.

Resources:

1. A more complete list of OSRWSs can be found
in MDEQ’s Water Quality Rules. Refer to:

http://www.michigan.gov/documents/deq/
wrd-rules-part4 521508 7.pdf

Impaired waters

Section 303(d) of the Clean Water Act requires that
states assess the quality of their waters and prepare a
list of waters that do not meet their designated uses or
water quality standards. In Michigan, all waterbodies
are required to meet the criteria for the following eight
designated uses:

* Agriculture,

» Navigation,

*  Warm-Water Fishery,

* Indigenous Aquatic Life and Other Wildlife,
* Partial Body Contact Recreation,

» Total Body Contact Recreation (between May 1 and
October 31),

* Public Water Supply, and

* Industrial Water Supply.

There are some waterbodies designated for other uses,
such as cold-water fishery. MDEQ publishes the 303(d)
list every two years.

Reasons for impairment can include:

¢ Sediment,

* Nitrogen/ammonia,

* Nuisance plant growth/phosphorus,

* Organic enrichment/low dissolved oxygen,

» Pathogens,

e Mercury,

* Priority organic compounds,

¢ Flow alterations, and

e Habitat alterations.
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Table 3.4 Once placed on the 303(d) list, a timeline is put in place

Michigan Rivers and Stream Miles not for developing a Total Maximum Daily Load (TMDL)
Supporting Designated Uses Listed by for the waterbody. The TMDL rations allowable pollut-
Cause of the Impairment ant load amongst watershed sources. LID practices
Cause Total Miles are an opportunity to help watershed sources achieve
Toxic organics TM_DLs. in impaired wate_rs, both from the perspective
PCBs In water column 34,754 of fllterl_ng and tran§form|ng pollutants, as \{vell as for
— conserving or restoring (in the case of retrofits) preset-
PCBs in fish tissue 14,844 tlement hydrology.
Dioxin 3,124
PBBs 144 Resources:
Petroleum hydrocarbons 13 1. The Michigan 303(d) list can be found in the
Metals Integrated Water Quality Report, online at
Mercury in water column 7179 http://www.michigan.gov/deq/0,4561,7-135-3313 _
Mercury in fish tissue 6,884 3686_3728-12711--,00.html
Copper 34
Lead 13
Chromium 13
Flow alterations 7,632
Habitat alterations 7,028
Pathogens 1,963
Sedimentation/siltation 1,529
Oxygen depletion 1,136
Nutrients 632
Organic enrichment (sewage) 187
Pesticides
Chlordane 149
DDT 144
Excess algal growth 106
Impairment unknown 63
Thermal impacts 57
Total suspended solids 47
0il and grease 37
Unionized ammonia 31
Total dissolved solids 19
Aquatic plants 19
Solids (suspended/bedload) 13

Source: MDEQ, 2008.
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Utilizing Wetland Restoration and Creation BMPs for Stormwater Volume

Control

Wetlands improve water quality by filtering out and trapping pollutants like sediments and nutrients in stormwater run-
off. Wetlands also store large quantities of water during spring melt and after large rain events reducing the frequency
and extent of flooding. This stored water is then released slowly over time to maintain flow in streams and reduce
flashiness. Some wetlands are also important for recharging groundwater. Wetlands provide habitat for many species
of fish and wildlife while also providing open space and natural beauty. Protection of high quality wetlands involves
avoiding the filling of wetlands and minimizing changes to hydrology that will affect wetland quality and function. Re-
establishing wetlands where they historically existed, (but don’t presently exist), or creating new wetlands (where they
never existed) provides an opportunity to provide stormwater quantity control while also increasing wetlands acreage
and functions. In rare cases, existing highly degraded wetlands may be used to provide stormwater volume control if
the project will also improve other wetland functions. To illustrate this concept, below is suggested language for a city’s
engineering design manual.

The City discourages the use of existing wetlands for the purposes of providing stormwater quantity control. The City
encourages the re-establishment of wetlands where they historically existed, but don’t presently exist, or the creation
of new wetlands to provide stormwater quantity control and the related functions wetlands provide. The City will only
consider approval of use of an existing wetland for stormwater quantity control if all of the following are requirements
are satisfied:

A. The wetland must already be highly altered by watershed development and meet certain benchmarks for isolation,
high water level fluctuation, low wetland plant richness, dominance of invasive or aggressive plants and altered
hydrology.

B. It must be shown that the wetland site does not contain any unique wetland features.

An analysis of the pre-developed and post developed water balance for the wetland shows no negative impacts to
the existing wetland or adjacent properties. The designer is required to provide the water balance documentation
for review. The water balance should include runoff from irrigation.

D. A stormwater management easement shall be provided for the entire wetland. Where portions of the wetland are
located on adjacent properties, the developer shall secure all of the required easements.

E. Sufficient pretreatment of the stormwater is provided prior to its discharge to the wetland.

A wetland enhancement plan shall be provided. The enhancement plan may include some or all of the following:
removal of all or some of the invasive species and restoration with native species; planting of additional trees and
shrubs; the creation of open water areas.

G. For wetlands regulated by the Michigan Department of Environmental Quality, a permit from the MDEQ has been
obtained for use of the existing wetland for stormwater quantity control.

H. For wetlands regulated by the City, a permit from the City has been obtained for all proposed stormwater discharg-
es and use of the existing wetland for stormwater quantity control.

Source: Environmental Consulting and Technology and the MDEQ Land and Water Management Division.

& )
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Chapter 4

Integrating LID at the Community Level

This chapter provides guidance to communities on inte-
grating LID into community plans and regulations and
how to make LID a part of the institutional fabric of
a community. LID is a new approach to land develop-
ment that is best accomplished by incorporating LID
principles into numerous local government processes,
including the master plan, ordinances, and municipal
programs.

Integrating LID at the community level provides the
community with numerous economic, environmental,
and social benefits as outlined in Chapter 2. Overall,
LID can help communities meet their land use planning
goals of health, safety, and welfare, as well as preserve
community character and make desirable places for
people to live and work. This chapter provides specific
information on:

* Incorporating LID into the master plan,

¢ Introduction to the LID model stormwater
ordinance,

* LID-friendly regulations,
» Using incentives to promote LID,

* LID and community good housekeeping practices,
and

* Overcoming challenges: Opportunities for
advancing LID in Michigan.

Clinton River near Lake St. Clair, Ml

Source: Macomb County Planning and Economic
Development
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Incorporating LID into the
master plan

By design, the master plan sets the course for a commu-
nity and its residents for the future. It serves as a guide
for community leaders in adopting capital improvement
plans and annual operating budgets. Also, in Michigan,
master plans are the basis for zoning ordinances.

While the master plan is the guide for a community’s
future, it is also the legal foundation for local land use
laws. Therefore, it is important for the community’s
master plan to acknowledge the importance of LID and
stormwater management and relate it to protecting the
health, safety, and welfare of its residents. Examples of
how using LID techniques can protect health, safety,
and welfare include:

* Protection of water quality,
« Reduction of flooding and protection of property, and

¢ Protection of water features such as lakes, streams,
and wetlands so that they can continue to perform
the functions that people expect.

In addition to the master plan, there are additional
opportunities to integrate LID into other community
plans, (e.g., greenways plans, recreation plans, storm-
water plans, and watershed management plans).

Master plan goals and policies

The goals and policies for LID and stormwater manage-
ment should include elements that:

* Protect the land’s natural ability to absorb, clean,
and store stormwater,

* Minimize impervious surfaces in new construction
and redevelopment projects to reduce the amount of
runoff and improve infiltration,

» Use Best Management Practices (BMPs)
throughout the community to reduce the impacts of
stormwater,

* Implement community programs that improve
water quality and educate the public about their role
in water quality, and

» Link protection of water quality through stormwater
management to the protection of residents’ health,
safety, and welfare.
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Following are sample goals and policies that integrate
LID practices into the master plan or other community

plans.

Goal:

Goal:

Goal:

Goal:

Implement stormwater management practices,
to protect the health, safety, and welfare of resi-
dents from the impacts of stormwater runoff.

Policy: Adopt and/or keep updated regulations
to ensure that effective stormwater management
techniques are used in new and redevelopment
projects within the community.

Policy: Regulate stormwater runoff to provide
for the following outcomes:

* Prevent flooding,

* Protect the stream channel,

* Improve and protect water quality, and
* Recharge groundwater.

Preserve existing natural features that perform
stormwater management functions, such as
wetlands, riparian vegetation, floodplains, and
woodlands, to the greatest extent possible.

Policy: Inventory environmental areas as part
of the site plan review process.

Policy: Adopt ordinances to protect environ-
mentally sensitive areas.

Policy: Integrate natural areas, to the greatest
extent possible, into the project design during
the site plan review process.

Policy: Integrate and coordinate natural area
preservation with other community plans such
as greenway, recreation, and watershed plans.

Policy: Ensure the long-term sustainability and
functioning of natural areas.

Minimize impervious surfaces in site designs.
Minimize the use of enclosed storm sewer
systems and eliminate impervious surfaces that
are directly connected to surface waters where
possible.

Policy: Encourage the use of cluster development,
vegetated swales, downspout disconnection, and
other practices that reduce impervious surfaces
and increase stormwater infiltration.

Use best management practices to minimize,
convey, pretreat, treat, and reduce the volume of
stormwater runoff generated by development.
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The Saugatuck Center for the Arts specifically includ-
ed the following educational goal in their policy for
redevelopment of the property, “Provide an interpreta-
tive opportunity to educate community residents, local
schools and patrons regarding stormwater BMPs and
the use of native vegetation in applied landscaping.”

\Source: JFNew J

Open Space Development at the Pokagonek Edawat
Housing Development in Dowagiac, Ml

Source: Pokagon Band of Potowatomi Indians

Policy: Where site conditions allow, use infil-
tration practices to reduce the volume of
stormwater runoff.

Goal: Improve stormwater quality by implementing
programs throughout municipal properties and
the community that remove pollutants from
stormwater and reduces the volume of storm-
water.
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Policy: Implement programs to reduce the
impacts of stormwater from municipally owned
or operated properties.

* Use lands owned and maintained by the
community as demonstrations for desirable
stormwater management practices.

 Implement street maintenance programs for
roads owned or operated by the community.

* Work to (or coordinate with the county to)
evaluate the amount of salt and/or sand
applied to roads, and other paved surfaces,
in the winter. Implement procedures to
reduce the amount of salt/sand from enter-
ing the storm sewer system as much as
possible.

* Collect leaves in the fall and compost them
for use in community projects.

* Develop and follow building and vehicle
maintenance procedures that keep hazard-
ous substances and other pollutants out of
storm drainage systems.

* Provide or send employees to training on
reducing the impacts of stormwater runoff
from municipal properties.

Goal: Educate the public about ecologically safe
practices to follow around their homes and
businesses.

Policy: Implement and/or publicize community
programs that address stormwater issues.

* Initiate/publicize a household hazardous
waste clean-up day.

¢ Distribute educational materials to residents
that discuss the impacts of their actions on
our water resources.

* Incorporate public education into commu-
nity-sponsored events.

LID-friendly regulations

Once the master plan has included language supportive
of LID, developing ordinances that directly support LID
implementation is essential to ensuring community-
wide implementation. Equally important is ensuring
that existing ordinances are compatible with LID imple-
mentation.
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Example residential educational campaign.

/

Model Stormwater Ordinance
Appendix H of this manual provides an example

stormwater calculations.

N

~

stormwater ordinance that incorporates various ele-
ments of LID. The ordinance refers to this manual for
such issues as: BMP design, soil testing protocols, and

/
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Develop regulations that encourage/
require LID techniques

Developing new regulations is one mechanism for
implementing LID community-wide. This could
include adopting new regulations such as a stormwater
ordinance and/or engineering standards.

When considering the adoption of a LID stormwater
ordinance, the following items should be discussed
within the local community:

* What is the goal of the ordinance
(e.g., protecting water quality, groundwater
protection or recharge, channel protection,
meeting state stormwater requirements)?

Once you determine the goal for implementing an
ordinance, you can better determine the specific
standards that should be included. For example,
the model ordinance includes recommended
standards for achieving water quality protection,
channel protection, flood control, and groundwater
protection. The community can modify the
standards in the model ordinance to fit their local
needs. Note that Phase | and Phase Il stormwater
communities are required to have some regulation
that addresses water quality and channel protection.

* What is the coverage area of the ordinance?

The community needs to decide the coverage area
which could include all developments that undergo
site plan review. Another consideration is that
Phase | and Phase Il stormwater communities must
adopt stormwater regulations, and apply for new
and redevelopment projects that disturb one acre or
more.

e Are all covered areas treated the same?

The community also needs to decide if the
standards are going to be applied the same across
all covered areas. For example, is redevelopment
going to be held to the same standards as new
development? Are sensitive areas, (e.g., wellhead
protection areas) going to be treated differently
in the ordinance? (Additional watershed and site
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factors that communities may want to review in
answering this question can be found in Chapter 5,
LID Site Design Process Checklist).

The model ordinance in this manual identifies
specific places where these types of decisions
need to be made. It also provides examples as to
the different standards that could be used based
on different scenarios (e.g., how redevelopment
standards could be set up that are slightly
different than standards for new or “greenfield”
development).

Will the community give “credit” for
implementing certain BMPs?

Another decision a local community needs to

make is integrating certain BMPs as credits in the
ordinance. Some regulations do allow for additional
credits to the developer for soil restoration and
native plant revegetation. Chapter 9 provides detail
information on the use of stormwater credits.

Black River Riparian Area in City of Bangor, Ml
Source: Van Buren Conservation District
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How will long-term sustainability of the
stormwater system be ensured?

Local communities will need to decide the
mechanism to ensure long-term maintenance of
the LID system. This can include maintenance
agreements between the homeowners association
and the local community. The process for long-
term maintenance should be clearly stated in the
regulation. Appendix G contains an example
maintenance agreement. In addition, the Phase

Il stormwater permit requires maintenance to be
addressed in the regulation.

The local community may also choose to
implement a program at the community level to
inspect structural controls at a certain frequency.
Appendix F contains example inspection checklists
that can be used as guidance.

In addition to developing stormwater regulations, LID
implementation could include adopting other ordinances
such as wetland, tree preservation, or riparian buffer
ordinances. Appendix H provides example ordinances.

Integrating LID into existing regulations
Along with developing specific LID regulations, it’s
equally important to review current regulations and
programs to ensure they are compatible with LID imple-
mentation. Following are suggested areas to review:

Parking

Add to the purpose section that parking standards
provide for effective management of stormwater
runoff from vehicle areas.

Require that landscaped areas be sufficiently large
to provide stormwater management. Allow for
depressed parking islands that can include curb
cuts to allow stormwater into the islands. For
example, the following sentences could be added
if the community requires protective curbs around
landscaping. “Curbs separating landscaped areas
from parking areas may allow stormwater runoff
to pass through them. Curbs may be perforated or
have gaps or breaks.”

Allow for native plantings in landscaped areas.

Include both minimum and maximum parking
ratios and aisle standards to avoid construction of
excess parking.

Develop parking standards that reflect average
parking needs rather than the possible maximum.
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Allow for shared parking when analysis shows
parking needs will be met.

Allow for multi-level parking.

Allow for permeable material to be used in
overflow parking, sidewalks, patios, etc. Assess if
permeable material can be used in the main parking
or road area during the site plan process.

Allow the developer to land-bank parking. (The
developer builds parking they believe is initially
needed, but leaves enough undeveloped area for
additional parking in the future).

Roads

Design streets for the minimum required paved
width needed to support travel lanes; on-street
parking (if desired); and emergency, maintenance,
and service vehicle access. The widths should be
based on traffic volume.

Reduce the total length of residential streets by
examining alternative street layouts to determine
the best option for increasing the number of homes
per unit length.

Allow for use of swales, instead of curb and gutter, as
part of an integrated LID site design where density,
topography, soils, and slope permit. Where feasible,
allow curb cuts and swales on existing roadways.

Incorporate LID-based stormwater infiltration into
the center island of cul-de-sacs.

Lot setbacks/Lot width

Allow for reduced setbacks if the development
is part of a cluster development or includes LID
techniques.

City of Empire, MI
Minimize impervious surfaces and front set backs.
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Construction activity

* Minimize clearing and grading on a site. Consider
allowing credits for developments meeting certain
criteria. (See Chapter 9).

* Minimize soil compaction, especially on areas that

will be used for infiltration and other LID practices.

Consider allowing credits for developments
meeting certain criteria, which could include soil
restoration. (See Chapter 9).

Native vegetation along lake

Many native plants are well over 5-6 feet tall. Landscaping
requirements should define what vegetation height require-
ments apply to so native vegetation can be utilized.

Source: JFNew

Landscaping

* Add reduction of stormwater pollution,
temperature, and rate of volume of flow to the
purpose section of landscaping/screening.

* Encourage use of native plants in landscaping
requirements.

* Prohibit use of non-native, invasive species in
landscaping requirements.

* Define the type of vegetation the height
requirements apply to (as well as the type of
vegetation it does not apply to). For example,
remove the height requirement for native plants.

* Set screening criteria that uses vegetation, where
appropriate, before walls or berms.
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Natural areas/Open space

« Encourage cluster development (i.e., open space
subdivisions) as a method for preserving natural
areas and reducing impervious surfaces.

* Leave as much open space as possible in its natural
condition. This provides stormwater infiltration and
reduces maintenance.

* Link open space to existing wetlands, rivers, and
other adjacent open space areas. This provides
a buffer to these sensitive areas, allows scenic
recreational opportunities, provides a wildlife
corridor, and could provide a location for
nonmotorized transportation opportunities in the
community.

* Include requirements to re-establish vegetation in
disturbed areas dedicated for open space.

Miscellaneous
« Allow for downspouts to be connected to vegetated
areas on the property, not directly to the storm sewer.

Using incentives to
promote LID

While some communities may choose to implement
a regulatory mechanism, such as a stormwater ordi-
nance requiring the use of LID, other stakeholders may
choose to use an incentive program or a combination of
regulations and incentives to encourage LID practices.
Following are example incentives that could be imple-
mented at various levels of government:

» Allow for a state income tax credit for qualifying
LID techniques.

« Offer a bonus such as increased floor area (e.g.,
floor area ratio) if LID practices are used that
accomplish stormwater management goals.

East Hills Center in Grand Rapids, Ml

Recognition programs such as the Leadership in Energy and
Environmental Design (LEED) certification is one way to
encourage LID implementation.

Page 40



* Accelerate plan reviews for site plans implementing
LID techniques.

* Reduce fees charged to the applicant (e.g., plan
review fees, utility fees) for site plans implementing
LID techniques.

* Offer a density bonus (e.g., allow for an additional
lot) to developments that implement
LID practices.

* Initiate a recognition program for sites using
innovative stormwater management.

* Provide free technical assistance to projects
implementing LID techniques.

* Focus grant money on LID implementation such
as funding demonstration projects, tours, Web
sites, technical assistance, and other educational
materials.

* Provide credits on stormwater utility fees to users
implementing LID techniques.

LID and community good
housekeeping practices

Many LID BMPs operate more effectively and require
lower maintenance when pretreatment is provided to
remove pollutants (e.g., sediment) that can clog the
BMP. Pretreatment devices can include structural
BMPs such as filter strips and water quality devices.
Local communities can also employ good house-
keeping practices that will reduce rehabilitation and
replacement costs of stormwater BMPs by preventing
or addressing problems early. For example, a street
sweeping program will reduce the amount of sediment
entering BMPs (e.g., bioretention, porous paving) that
can become clogged from sediment deposition.

There is existing information to assist municipal staff
and contractors in identifying and employing good
housekeeping activities. Detailed fact sheets, training
modules, presentations, and posters on individual good

housekeeping practices can be downloaded at semcog.

org/plans-for-the-region/environment/water/stormwater.
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Table 4.1

Community good housekeeping practices

Activity

Impact

Street sweeping

Reduces sediment, nutrients,
metals, trash, oil, and toxins

Catch basin cleaning

Reduces sediment, nutrients,
metals, trash, oil, and toxin

Managing salt storage Reduces chlorides

Equipment cleaning and . :

A Reduces metal, oil, and toxins
|_Prevent soil erosion Reduces sediment and nutrients |

Proper storage and handling of
hemicals and other material

Stream bank stabilization

Reduces sediment, nutrients,
metals, oil, gr nd toxin:

Reduces sediment and nutrients,
protects riparian vegetation and

nroperty
L Al |

Dumpster maintenance

Reduces sediment, nutrients,
bacteria, metals, trash, oil, and toxins |

Bridge and road maintenance

Reduces sediment, nutrients,
metals, trash, oil, and toxins

Catch basin cleaning in Bloomfield Township, Ml
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Street sweeping in Bloomfield Township, MI

The importance of street sweeping

For those stakeholders with jurisdiction over streets
and parking lots, sweeping is an important good
housekeeping practice that will keep your structural
BMPs in good working order. When done regularly,
street sweeping can remove 50-90 percent of street
pollutants. Street sweeping also makes road surfaces
less slippery in light rains and improves aesthetics by
removing litter and sediment deposits.

Municipalities can choose between various types of
street sweepers. The most common street sweepers
are mechanical, vacuum filter, and regenerative air. It
is important to keep in mind that the type of pollutant,
types of surfaces, noise ordinances, and costs all fac-
tor into what kind of sweeper is purchased and used.
Municipalities often find it useful to have each type of
street sweeper in their fleet. Each has its advantages
and disadvantages concerning pollutant removal effec-
tiveness, traveling speed, and noise generation.

Material swept off streets often includes sand, salt,
leaves, and chemicals. Debris removed from roads is
classified as Solid Waste under the Solid Waste Man-
agement Act, known as Part 115. To properly dispose

of street sweeping material, communities should take
sweepings to a landfill. Municipalities should contact the
landfill to obtain their individual testing requirements.

To evaluate the effectiveness of a street sweeping
program, maintain accurate logs of the number of
curb-miles swept and the amount of waste collected.
Monthly or yearly intakes (per ton) can be measured

\per district, road, season, or mile. J
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Overcoming challenges:
Opportunities for advancing
LID in Michigan

There are numerous challenges that can occur when
implementing LID. These barriers include:

e Number of institutions with jurisdiction over
stormwater,

* Restrictive regulations that may not allow for LID
techniques (see above section on LID-friendly
regulations),

¢ Resistance from internal sources and/or the
community,

* Lack of technical knowledge,
¢ Lack of resources, and

 Site constraints that may pose challenges to
implementing LID (e.g., historical contamination,
clay soils).

This section lists some of these challenges, but more
importantly provides information on options for over-
coming these challenges.

Number of institutions with jurisdiction
over stormwater

Challenge: Implementing LID in Michigan can be
complicated due to the number of organizations that
have some jurisdiction over land use and stormwa-
ter decisions in a community. (Table 4.2 provides a
summary of entities with stormwater jurisdiction). For
example, in a township, the township has authority
over land use decisions and can, therefore, implement
LID through conservation design techniques, as well
as, adopting stormwater regulations. In the same town-
ship, the county drain commission has jurisdiction over
legally established county drains. The county can have
its own set of regulations (e.g., stormwater rules) apply-
ing to stormwater discharges to the county drains. Since
the county road commission owns many of the roads in
a township, they have responsibility over the drainage
of their roads. Add into the mix other organizations such
as the Michigan Department of Transportation, public
school districts, and other public entities and, suddenly,
there’s a myriad of authorities involved in managing
stormwater within the community.
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Opportunity: As each of these entities has some juris-
diction over land use, stormwater, or both within the
State of Michigan, each has an opportunity to move LID
forward within their purview. A major step forward in
implementing LID is to develop process options that offer
various institutional choices on how to engage in LID in
a complementary way. Following are possible processes
for moving LID forward in a complementary manner:

Use LID as a mechanism for implementing
Michigan’s stormwater permit requirements

With over 250 communities in Michigan affected
by the Phase Il stormwater regulations, linking LID
implementation with the Phase 11 regulations is a
natural fit. There are numerous options on who can
take the lead on implementing LID to meet Phase
I1. These include:

* A local community takes the initiative to
demonstrate to other Phase Il communities that
implementing LID is a practical method for meet-
ing the Phase Il requirements. The community
can then engage the county and other stormwater
entities in implementing LID in their jurisdic-
tions.

e County drain commissioners can take the lead
for implementing LID in the county. The drain
commissioner can develop regulations incor-
porating LID techniques that meet Phase I
requirements. Local communities can then adopt
the county standards for their jurisdiction.

» A watershed or subwatershed group, made up of
communities, counties, road agencies, and public
institutions, develops complementary LID tech-
niques for their watershed/subwatershed.

Use LID as a mechanism for habitat protection,
fisheries management, and enhancing
recreational opportunities

LID offers the opportunity for those communities
and agencies interested in habitat protection,
fisheries management, and/or protecting recreational
opportunities. For example, focusing on infiltration
practices will reduce the thermal load of stormwater
runoff to receiving waters, which would positively
impact the native fishery.
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Incorporate LID into greenways planning

An effective greenways program looks not only at
the regional connectivity of green infrastructure, but
also at the local connections. It is important for both
humans and animals that green infrastructure be
connected as much as possible. Using LID techniques
such as open space planning, small building
envelopes, and natural resource preservation, is one
way to ensure this connectivity at a local level.

Macomb Orchard Trail in Macomb County, Ml
Source: Macomb County Planning and Economic Development

Partner with state agencies (e.g., MDEQ, DNR,
Agriculture) to support LID implementation

State agencies, such as MDEQ, can support LID
implementation by providing technical assistance
on LID techniques, providing grants and recognition
programs, being a LID clearinghouse, and allowing
LID techniques in meeting regulatory obligations.

A key starting point is for decision makers at various
entities to consider adopting a policy supporting LID.
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Resistance from internal sources and

or the community

Challenge: Support of the public, elected officials,
environmental organizations, etc., is imperative for
moving LID forward in a community. Public education
and participation are key features of a comprehensive
stormwater management program.

Opportunity: There are numerous opportunities to
gain support for LID both internally and at the commu-
nity level.
Rain garden and porous asphalt educational signage

Educational materials (e.g., signage, Web sites) Source: City of Battle Creek

Educational materials can be used as a mechanism to
inform the public and municipal staff on the benefits
of LID and how these techniques can be attractive
amenities to the community. Web sites, flyers,
signage, and short videos are all means of quickly
communicating LID to various audiences.

Demonstration projects and tours

Another way to gain support for LID is to set an

example through demonstration projects on visible

sites. Providing demonstration sites will show that

certain technologies can be successful in Michigan

and meetregulatory approval. Providing tours of these

demonstration projects is another way to show real-

life examples of successful LID implementation. Rain garden plantings provide public involvement opportunities

Public involvement opportunities

Inviting the public to become more involved in LID
by participating in a LID project (e.g., planting a
demonstration rain garden) is another way to gain
support for LID. Not only will residents be more
interested in a project that they had a “hand” in, but
they will likely speak positively about it with their
neighbors. Providing these opportunities also shows
municipal staff and elected officials the interest of
residents in embracing LID in the community.

Positive public relations/media relations

Working with the media on publicizing LID projects
is one way to reach a large number of residents in
the community. This again allows residents to see
the benefits of LID, but also shows municipal staff
and elected officials that this is a priority in the
community.

Positive media relations from LID projects
Source: City of Troy
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Lack of technical knowledge

Challenge: Both designing and reviewing LID projects
require technical knowledge that can be an impediment
in moving LID forward in Michigan.

Opportunity: This manual has been developed to assist
both the designer and reviewer in the technical aspects
of LID implementation. In addition, the manual contains
a designer/reviewer checklist at the end of each BMP to
further provide technical guidance.

In addition to this manual for Michigan, LID is becoming
increasingly utilized throughout the country. Organiza-
tions such as the Center for Watershed Protection and the
Low Impact Development Center, have been initiated at
the national level to provide guidance. Locally, organiza-
tions such as GreenBuilt (www.greenbuiltmichigan.org)

and Rain Gardens of West Michigan (wmeac.org/rain

gardens/) provide technical resources throughout the state.

Finally, implementation of LID techniques is increasing
throughout the state. The case studies included in the
manual, as well as demonstration projects and tours, can
be utilized to learn more technical information about
LID. Also, the members of the state LID committee and
the reviewers providing technical review would often
be able to provide certain technical information.

Communities interested in sustainable practices, includ-
ing LID can invest in staff training and development.
Local government organizations such as SEMCOG can
help facilitate training opportunities.

Lack of resources

Challenge: Many Michigan communities are facing
financial challenges. Providing core essential services is
their focus. Spending financial resources and staff time
on implementing LID can be a challenge. For exam-
ple, overcoming LID impediments will often cause the
community to expend additional resources (e.g., spon-
soring LID tours, developing and printing educational
materials, updating ordinances and plans).

Opportunity: Organizations such as SEMCOG are
working to reduce the impediments of LID by providing
information that can be utilized by local communities.
For example,

* Brochures are available for developers, the
public, and municipal officials on the benefits of
implementing LID.
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* Tours and technical workshops are being held by
organizations such as SEMCOG and the Michigan
Water Environment Association.

* An online web tool featuring locations of LID
practices has been developed as a pilot for three
counties in Michigan by Lawrence Technological
University.

* A map and driving tour has been developed for the
Grand Rapids area.

*  Workshops were held throughout the Grand Rapids
area with developers and realtors.

» State Clean Michigan Initiative money was used to
fund numerous LID demonstration sites.

In addition, SEMCOG and other organizations are
working on expanding the availability of financing
mechanisms to support stormwater management.

Grand Rapids, MI, LID Tour Guide
Source: Fishbeck, Thompson, Carr, & Huber, Inc.

Page 45


http://www.greenbuiltmichigan.org
http://wmeac.org/raingardens/
http://wmeac.org/raingardens/

Site constraints that may pose
challenges to implementing LID

(e.g., historical contamination, clay soils)
Challenge: Large areas throughout Michigan have
challenging soils and geology where the opinion is that
LID “can’t be done” in their area.

Opportunity: One primary purpose of the manual (and
a core principle) is that LID can be used anywhere. The
manual strives to explain challenges that may occur on
a site, but does provide options for incorporating LID
principles. For example, Chapter 8 highlights some
specific challenges, but provides specific information
on utilizing LID in these challenging areas. LID Tour in Washtenaw County, Ml

Table 4.2

Entities with Stormwater Jurisdiction

Entity

Stormwater Jurisdiction

County Drain
Commissioners

The Drain Commissioner and staff are responsible for construction, operation, and maintenance of legally estab-
lished county drains. A county drain can be closed or open. It can be natural or man-made if it has been petitioned
in accordance with the provisions of Act 40 of 1956, as amended (the “Drain Code”), to be a county drain. Typi-
cally, a county drain may be an open ditch, stream, underground pipe, detention/retention pond, or swale that
conveys stormwater. These systems are designed to provide stormwater management, drainage, flood prevention,
and stream protection for urban and agricultural lands.

Drain Commissioners can establish stormwater standards that apply to discharges to the county drain. Again, this
discharge can be conveyed directly to the water body, but can also include “tap ins” into the drainage-district-
owned storm drain system that is part of the county drain. These stormwater standards often require the entity
responsible for the perpetual maintenance of the non-county drain storm sewer system be identified. In cases of
platted subdivisions and manufactured housing communities, maintenance is often transferred to the property
owners (e.g., subdivision association). However, there are cases where the stormwater controls are deeded to the
County or local unit of government.

In addition to plan reviews of drainage facilities that discharge to a county drain, the Drain Commissioner is also
responsible for review and approval of stormwater management systems in platted developments under the Michi-
gan Land Division Public Act 288 of 1967, as amended, and for private development in response to local government
requests. The Drain Commissioner has the authority to ensure that proposed stormwater facilities within the plat and
stormwater outlet facilities of the plat, be improved or protected to established standards and specifications.

(County Drain Commissioners have authority to review plat plans for single-family residential and industrial devel-
opments. They do not have authority to review plans for commercial developments or multi-family developments
such as condos, apartments, and mobile home parks, unless a county drain is directly involved).

According to the Drain Code of 1956, a “drain” may include the “main stream or trunk and all tributaries or
branches of any creek or river, any watercourse or ditch, either open or closed, any covered drain, any sanitary

or any combined sanitary and storm sewer or storm sewer or conduit composed of tile, brick, concrete, or other
material, any structures or mechanical devices that will properly purify the flow of such drains, any pumping
equipment necessary to assist or relieve the flow of such drains and any levee, dike, barrier, or a combination of
any or all of same constructed, or proposed to be constructed, for the purpose of drainage or for the purification
of the flow of such drains, but shall not include any dam and flowage rights used in connection therewith which is
used for the generation of power by a public utility subject to regulation by the public service commission.”
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Entity

Stormwater Jurisdiction

Cities and
Villages

Unlike townships, cities and villages, according to Michigan law, are allowed jurisdiction over roads within their
boundaries. Over the years, some cities and villages have taken jurisdiction over some of the roads within their
boundaries. Most often this has occurred at the time the community incorporated. The cities and villages have
jurisdiction over all neighborhood or subdivision streets. Whether a city or village or the road commission has
jurisdiction over major streets within the community depends upon a variety of factors and differs from community
to community.

The storm drainage system is typically along city/village-owned streets. The runoff enters the drainage system
within the right-of-way (e.g., ditches, catch basins), but city/village jurisdiction continues until the runoff is outlet
to a system with other ownership (e.g., county drain, waters of the state, private property). (However, most often
the transfer of ownership happens at the end of the right-of-way). In addition, although the city/village may not
own the system, they often provide operational maintenance under contract with the road commission.

Finally, the city/village may own storm drainage systems in connection with municipally-owned property.

Cities and villages also have the ability to manage stormwater runoff in their community through planning and
zoning. For example, a stormwater ordinance is one tool cities/villages can use to ensure stormwater from new
development and redevelopment projects meet water quality and quantity standards.

These stormwater standards often require identifying the entity responsible for the perpetual maintenance of the
storm sewer system. In many cases, maintenance is often transferred to the property owners (e.g., subdivision associ-
ation). However, there are cases where the stormwater controls are deeded to the county or local unit of government.

Townships

Townships do not have jurisdiction over roads within their boundaries. Therefore, they are not responsible for the
storm drainage system, as are county road commissions and cities/villages. However, some townships may own
or operate a storm drainage system. These exceptions include:

Townships may provide operational maintenance of the road/storm system instead of the County.
Townships may own storm drainage systems in connection with municipally-owned property.
Townships may accept transfer of ownership of the drainage system/structural controls from a private development.

Townships do have the ability to manage stormwater runoff in their community through planning and zoning. For
example, a stormwater ordinance is one tool townships can use to ensure stormwater from new development and
redevelopment projects meet water quality and quantity standards.

Michigan
Department of
Transportation
(MDOT)

MDOT has jurisdiction over the stormwater runoff leaving state highways that enter their storm drainage system.
The runoff enters the drainage system within the right-of-way (e.g., ditches, catch basins), but MDOT jurisdiction
continues until the runoff is outlet to a system with other ownership (e.g., private property, county drain, waters of
the state). MDOT also may have jurisdiction of the culvert/easement area as its road passes over a waterway or
waterbody.

State highways include all highways with letters in their names, such as “M,” “US,” or “I.” Examples include M-24,
M-1, M-5, US-24, I-75, |-696, etc. Generally, all freeways fall under MDOT jurisdiction, as do the major inter-
county roads such as Woodward Ave. (M-1) and Telegraph Road (US-24).
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Entity Stormwater Jurisdiction
County Road The County Road Commission is responsible for stormwater runoff from county roads and their storm drainage
Commission system. The runoff enters the drainage system within the right-of-way (e.qg., ditches, catch basins), but County

Road Commission jurisdiction continues until the runoff is outlet to a system with other ownership (e.g., county
drain, waters of the state, private property). Road Commissions also may have jurisdiction of the culvert and
right-of-way as the road passes over a waterway or waterbody. In addition, although the County may not own the
system, they often provide operational maintenance under contract with MDOT.

The Road Commission can also regulate the quantity of water entering the right-of-way to ensure it does not
adversely affect maintenance or safety concerns.

Every county in Michigan has a road agency. All but one has County Road Commissions. In Wayne County, the
Road Commission merged with county general government in the 1980s. In every other county, the Road Commis-
sion is a separate unit of government, removed from county general government. Road Commissions have
jurisdiction over all roads in the townships in the county. Additionally, County Road Commissions have jurisdiction
over many of the primary roads in cities and villages within that county. Most road ditches are under the jurisdic-
tion of the Road Commission, but some are county drains.

Public entities:
jails, hospitals,
schools

Public entities that own or operate storm sewer systems within their property have sole jurisdiction over those
systems, but they may grant authority to the local unit of government to manage the system according to local
stormwater requirements and Phase Il stormwater regulations.
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Chapter 5

Incorporating LID into the Site Design Process

This chapter provides information to assist various
stakeholders, including developers and builders, on a
recommended LID site design process to ensure that the
proper issues and questions are addressed at the appro-
priate time and by the appropriate people. Following
such a process prior to official submission of the prelim-
inary site plan will result in creating a comprehensive
development concept that manages stormwater and
existing natural resources to the fullest extent possible
and practical.

Specifically, this chapter:

» Provides an overview of the LID site design process,
* Defines this process, step by step, and

* Includes a LID site design checklist.

Using LID successfully in a site design process requires
considering the LID principles from the project’s incep-
tion through the final design stages. Specifically, LID
development approaches and techniques need to be

assimilated into the various phases of the site design
process, including:

* The initial stages of site analysis to determine
features to be preserved and avoided during
construction,

Kresge Foundation Headquarters in Troy
Source: Conservation Design Forum, Inc.
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* The program or concept development process to
determine what is constructed, and how much
construction the site can support, and

* The site design and revision process to address
stormwater issues that remain.

This site design process is based on the following LID
principles described in Chapter 2:

¢ Plan first,

* Prevent. Then mitigate,

¢ Minimize disturbance,

¢ Manage stormwater as a resource — not a waste,
*  Mimic the natural water cycle,

 Integrate natural systems,

¢ Disconnect. Decentralize. Distribute,

* Maximize the multiple benefits of LID,

e Use LID everywhere, and

* Make maintenance a priority.

Overview of the LID site
design process

The LID site design process builds on the traditional
approach to site design. It begins with analysis of the
site, and incorporates steps to involve local decision
makers early in the process. The process has been
consolidated into nine basic steps (Figure 5.1). Each
designer may want or need to adjust the process to fit
specific site circumstances.

An essential objective of the site design process —
and of LID - is to minimize stormwater runoff by
preventing it from occurring. This can be accomplished
through the use of nonstructural BMPs in the site design
(Chapter 6). Once prevention is maximized, some
amount of mitigation is needed to address stormwater
peak rate, volume, and water quality from increased
impervious surfaces. These mitigative stormwater
management objectives can be met with structural
BMPs (Chapter 7).
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Step 1: Property acquisition and

use analysis

The initial step in the land development process is typi-
cally some sort of action on the part of a site’s owner,
developer, or builder, such as a purchase of title,
options, site clearances, or analyses. In many cases,
developers acquiring/purchasing property will under-
take some level of study in order to determine the type
of use (residential, commercial, industrial, etc.) that can
be developed in order to determine a purchase price for
the property.

Step 2: Inventory and evaluate the site
Incorporating LID into site design begins with a thor-
ough assessment of the site and its natural systems.
Site assessment includes inventorying and evaluating
the various natural resource systems which may pose
challenges and/or opportunities for stormwater manage-
ment and site development. Natural resource systems
include:

* Floodplains,

* Riparian areas,

e Wetlands,

* Natural and man-made drainage ways,
* Soils and topography,

* Geology,

* Groundwater supplies, and

* Vegetation.

Natural systems range in scale from a watershed-scale
down to the site specific scale. In evaluating the natural
resources of a site, it is important to consider the appli-
cable challenges or opportunities with implementing
LID techniques.

Watershed-scale evaluation

LID, as described in the Site Design Process (Figure 5.1),
begins with an understanding of the site in the broader
context of its watershed and relevant natural systems,
based on an inventory of the natural resource system
characteristics. In evaluating these characteristics for LID
opportunities, the following are examples of the types of
questions that should be raised:

* Does the site drain to special water bodies with
special water quality needs (e.g., impaired waters,
groundwater aquifer, natural river designation)?

» Does the site ultimately flow into a reservoir,
groundwater aquifer, or other type of impoundment
where special water quality sensitivities exist, such as
use as a water supply source?
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Figure 5.1
LID Site Design Process

Step 1
Property acquisition and use analysis

Step 2
Inventory and evaluate the site

Step 3

Integrate municipal, county, state, and federal
requirements

Step 4

Develop initial concept design using nonstructural
BMPs

Step 5

Organize pre-submission meeting and site visit
with local decision makers

Step 6
Incorporate revisions to development concept

Step 7
Apply structural BMP selection process

Step 8
Apply the LID calculation methodology

Step 9
Develop the preliminary site plan

Do other special fishery issues exist (e.g., trout
stream)?

Is the site linked to a special habitat system?
(For both water quality and temperature reasons,
approaches and practices that achieve a higher
order of protection may become especially
important.)

Are there known downstream flooding problem:s,
or known problems with run-on from neighboring
properties?

Is additional development anticipated for the

area that could lead to further restrictions (e.g.,
protection of downstream land and water uses) or
opportunities (e.g., partnerships in multi-site water
quality or quantity controls)?

Page 50



Site specific scale evaluation

Site specific factors are critical in this part of the
process as they influence comprehensive stormwater
management throughout the development project. A list
of site specific factors to evaluate are provided on the
site Design Process Checklist at the end of this chapter.
Example evaluation questions include:

*  What are the important hydrological functions of
the site, including both surface and groundwater
movement?

* What important natural resources exist on site (high
quality wetlands, woodlands, special habitat, etc.)?

*  What are the existing soil types? Are there
opportunities for infiltration?

*  What is the depth to the water table?
*  What is the depth to bedrock?

* How does size and shape of the site affect
stormwater management?

* Are there areas where development should
generally be avoided? (Determine where buildings,
roads, and other disturbance should be avoided, in
terms of avoiding existing natural resource systems
and rights of way).

* Are there areas where LID infiltration practices
should be avoided because of historical land uses
and contamination?

Western Michigan University Business, Technology and
Research Park

Source: Fishbeck, Thompson, Carr & Huber, Inc.
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Step 3: Integrate municipal, county,
state, and federal requirements

Municipal requirements will vary from one governmen-
tal entity to another. However, the land development
process in Michigan is mostly regulated and managed
on the local level, with the community master plan,
zoning ordinance, and subdivision/land development
ordinance being essential. In addition, county, state,
and federal regulations need to be considered (e.g.,
county stormwater standards, state and federal wetland
law, threatened and endangered species). Since regula-
tions are also continuously updated, it is important for
clear, updated communication between all stakeholders
involved in the development process.

City of Wixom Habitat Park
Source: Hubbell, Roth & Clark, Inc.

Step 4: Develop initial concept design
using nonstructural BMPs

Information gathered in the first three steps should be
used in developing the initial concept design. This step
should include the use of nonstructural BMPs such as
woodland and wetland protection, clustering, minimiz-
ing impervious surfaces, or other techniques described
in Chapter 6.

It may be beneficial on some sites to work through
preliminary calculations (Chapter 9) to ensure storm-
water goals are being met.

Step 5: Organize pre-submission
meeting and site visit with local
decision makers

Many municipalities strongly recommend and even
require a pre-meeting with the developer to effectively
communicate each entity’s perceptions of the project
early on, and potentially discern how each other’s needs
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can be incorporated into the development concept.
Many municipalities in Michigan and other states are
also incorporating site visits into the pre-submission
meeting to minimize or prevent future problems with
the development.

Step 6: Incorporate revisions to
development concept

The designer should integrate the information collected
from the previous steps and revise the initial develop-
ment concept, if appropriate.

Step 7: Apply structural BMP
selection process

Determining the blend of structural BMPs that best
achieve a specific site’s stormwater needs is the next

Towar Rain Garden Drains
Source: Fitzgerald Henne and Associates, Inc.
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step in the site design process. Structural BMPs which
can be used to achieve the recommended site design
criteria for LID are detailed in Chapter 7. Not all struc-
tural BMPs are appropriate for every development at
every site. The introduction to Chapter 7 details a selec-
tion process for determining the appropriate BMPs.

The calculations done in step 8 may be needed to make
decisions on the structural BMPs that can be used at a
site. Therefore, it may be necessary to combine steps 7
and 8 to complete the selection of BMPs.

Step 8: Apply the LID calculation
methodology

A calculation methodology is presented in Chapter
9 of this LID manual. It allows for the integration of
both nonstructural and structural BMPs. The calcula-
tion methodology is based on the recommended design
criteria for total stormwater volume control, peak rate
control, and water quality control that are central to
LID performance.

Step 9: Develop the preliminary site plan

Once steps 1-8 of the site design process are imple-
mented, the preliminary site plan is complete and ready
to submit to the local unit of government. The result
is a communicative process between developer and
community to create a comprehensive development
concept that manages stormwater and existing natural
resources to the furthest extent possible and practical.
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Reinforcing the site design process:

A site design checklist for LID

The site design process for LID is structured to facilitate and guide an assessment of a site’s natural features together
with stormwater management needs. The LID Site Design Process Checklist will help implement the site design
process. It provides guidance to the land development applicant, property owner, or builder/developer in terms of
the analytical process which needs to be performed as the development proceeds. The outcome is the formulation
of a LID concept for the site.

Local communities may also benefit by using this checklist for considering possible impacts to natural resources in
the community and local watersheds.

Step 1: Property acquisition and use
analysis

Step 2: Site inventory and evaluation

Watershed factors inventory

Q
Q

(I I I W U

(W]

Major/minor watershed location?

State stream use/standards designation/
classification?

Q Special high quality designations?
(e.g., natural rivers, cold water fishery)

O Rare or endangered species or communities
present?

Q Are there required standards?

Any 303d/impaired stream listing
classifications?

Any existing or planned Total Maximum Daily
Loads (TMDLSs) for the waterbody?

Aguatic biota, other sampling/monitoring?

Do other special fishery issues exist?

Is the site linked to a special habitat system?
Are there known downstream flooding problems?

Are there known problems with run-on from
neighboring properties?

Is additional development anticipated for the
area that could lead to further restrictions?
(e.g., protection of downstream land and water
uses)

Is additional development anticipated for the
area that could lead to further opportunities
(e.g., partnerships in multi-site or regional water
quality or quantity controls)?
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Site factors inventory
Q Important natural site features have been

inventoried and mapped?

4 Wetlands?

Q Floodplains?

O Wellhead protection areas?

Q High quality woodlands, other woodlands,
and vegetation?

O Riparian buffers?

O Naturally vegetated swales/drainageways?
O Steep slopes or unique topographic features?
Q Special geologic conditions (limestone?)?

O Historical values, certified or non-certified?
O Known/potential archaeological values?

Q Existing hydrology (drainage swales,
intermittent, perennial)?

Q Existing topography, contours?

Q Soils, their hydrologic soil groups?

Q Seasonal high water table? Depth to bedrock?
Q Special geological issues (e.g., karst)

U Aesthetics/viewsheds?

Q Existing land cover/uses?

QO Existing impervious areas, if any?

Q Existing pervious maintained areas, if any?
Q Existing contaminants from past uses, if any?
Q Existing public sewer and water, if any?

O Existing storm drainage system(s), if any?

Q Existing wastewater system(s), if any?

O How does size and shape of the site affect
stormwater management?

QO Are there areas where development should
generally be avoided?
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Step 3: Integrate municipal, county,
state, and federal requirements

Master plan

Q Is development concept consistent with the
master plan?

Q Consistent with goals/policies of the plan?
Q Preservation of natural resources consistent
with priority areas/maps?
Regulations (e.g., ordinances, engineering standards)
O Consistent with local existing regulations?
O Wetland regulations?
QO Tree/woodlands ordinance?
U Riparian buffer ordinance?
O Open space requirements?
Q Clustering and/or PUD options?
Q Overlay districts?
O Wellhead protection?
Q Floodplain ordinances?
Q Are LID solutions required?
U or incentivized?
U or enabled?
Q or prohibited?
O Reduced building setbacks allowed?
Q Curbs required?
Q Swales allowed?

QO Street width, parking requirements, other
impervious requirements?

Q Grading requirements?
O Landscaping that allows native vegetation?
Q Stormwater requirements?
QO Peak rate?
Q Total runoff volume?
O Water quality provisions?
O Maintenance requirements?
O Consistent with county/state road requirements?
Q Consistent with local stormwater regulations?
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O Consistent with erosion and sedimentation
requirements?

U Contaminated sites have followed state “due
care” requirements for soil and groundwater?

O Consistent with state and federal wetland and/or
inland lakes and streams regulations?

O Consistent with state threatened and endangered
species regulations?

U Meets state floodplain requirements?

Step 4: Develop initial concept design
using nonstructural BMPs

Lot configuration and clustering?

O Reduced individual lot size?
O Concentrated/clustered uses and lots?

QO Lots/development configured to avoid critical
natural areas?

Q Lots/development configured to take advantage
of effective mitigative stormwater practices?

QO Lots/development configured to fit natural
topography?

O Connect open space/sensitive areas with larger
community greenways plan?

Minimum disturbance?

U Define disturbance zones (excavation/grading)
for site?

U Protect maximum total site area from
development disturbance?

U Barriers/flagging proposed to protect
designated non-disturbance areas?

U Disturbance setbacks defined from BMP
areas, vegetated areas, tree drip lines, etc.?

Q Site disturbance (excavation/grading) minimized
for each lot?

O Considered mitigative practices for minimal
disturbance areas (e.g., Soil Restoration)

4 Considered re-forestation and re-vegetation
opportunities?

Impervious coverage reduced?

O Reduced road width?
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U Cul-de-sacs and turnarounds at reduced width?
O Reduced driveway lengths and widths?

O Reduced parking ratios?

O Reduced parking sizes?

U Shared parking potential reviewed?

O Utilized porous surfaces for applicable features?

Stormwater disconnected from impervious area?

O Disconnected stormwater flows from roof
leaders?

O Disconnected drives/walkways/small impervious
areas to natural areas?

O Used rain barrels and/or cisterns for lot
irrigation?

Step 5: Pre-submission meeting and site
visit with local decision makers

Step 6: Revisions to development
concept

Step 7: Apply structural BMP selection
process

O Meets runoff quantity?
O Quality needs?

O Manage close to source with collection/
conveyance minimized?

Q Consistent with site factors (e.qg., soils, slope,
available space, amount of sensitive areas,
pollutant removal needs, location of historical
pollutants)?

O Minimize footprint and integrate into already-
disturbed areas/other building program
components (e.g., recharge beneath parking
areas, vegetated roofs)?

O Estimate costs for both construction and
maintenance?

O Consider other benefits?
O Aesthetic?
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U Habitat?
U Recreational?
Q1 Educational benefits?

O Select based on maintenance needs that fit
owner/users?

4 Develop long-term maintenance plan?
Step 8: LID calculation methodology

Achieved additional comprehensive stormwater
management objectives?

O Minimize the pre- to post-development increase
for curve numbers?
O Maximize presettlement time of concentration?

O Assume “conservative” presettlement
conditions?

O Respect natural sub-areas in the design and
engineering calculations?

Iterative process occurring throughout low impact
site plan development and low impact stormwater
management plan development?

Q Soil Cover Complex Method (TR-55) is industry
standard for calculations.

Step 9: Develop the preliminary site plan

Page 55



LID Manual for Michigan — Chapter 5 Page 56



Chapter 6

Nonstructural Best Management Practices

A core concept of LID is preventing stormwater runoff
by integrating site design and planning techniques that
preserve natural systems and hydrologic functions,
protect open spaces, as well as conserve wetlands
and stream corridors on a site. This chapter provides
detailed technical information on integrating nonstruc-
tural Best Management Practices (BMPs) early into the
site design process.

The nonstructural BMPs are:

* Cluster development,

* Minimize soil compaction,

e Minimize total disturbed area,

* Protect natural flow pathways,

* Protect riparian buffers,

¢ Protect sensitive areas,

* Reduce impervious surfaces, and

e Stormwater disconnection.

Specifically, this chapter discusses:

* The benefits of using nonstructural BMPs,

* The process for selecting nonstructural BMPs,

¢ Fact sheet overviews of each BMP, and

* Detailed information for each BMP including
design considerations, construction guidelines,

stormwater calculations, and maintenance and cost
information.

KWhat does nonstructural mean? \
The primary LID characteristic of nonstructural BMPs is
preventing stormwater runoff from the site. This differs
from the goal of structural BMPs which is to help miti-

gate stormwater-related impacts after they have occurred.

More specifically, nonstructural BMPs take broader
planning and design approaches, which are less
“structural” in their form. Many nonstructural BMPs
apply to an entire site and often to an entire commu-
nity, such as wetland protection through a community
wetland ordinance. They are not fixed or specific to
one location. Structural BMPs, on the other hand, are
decidedly more location specific and explicit in their

thsical form. j
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Benefits of using
nonstructural BMPs

There are numerous benefits of incorporating nonstruc-
tural BMPs into a site. While individual benefits are
discussed in detail under each BMP, there are many
benefits that apply to most, if not all, of the nonstruc-
tural BMPs. These include:

* Reduced land clearing costs,

* Reduced costs for total infrastructure,

* Reduced total stormwater management costs,

» Enhanced community and individual lot aesthetics, and
« Improved overall marketability and property values.

Figure 6.1
LID Site Design Process

Step 1
Property acquisition and use analysis

Step 2
Inventory and evaluate the site

Step 3
Integrate municipal, county, state, and federal
requirements

Step 4
Develop initial concept design using nonstructural
BMPs

Step 5
Organize pre-submission meeting and site visit
with local decision makers

Step 6
Incorporate revisions to development concept

Step 7
Apply structural BMP selection process

Step 8
Apply the LID calculation methodology

Step 9
Develop the preliminary site plan
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BMP Selection Process

This chapter focuses on Step 4 in the site design process
for LID (Figure 6.1) to develop the initial concept design
using nonstructural BMPs. Selection of nonstructural
BMPs should focus on information gathered in Steps
1-3 of the site design process. Following are specific
guestions and issues to provide guidance in the selec-
tion process.

* How is the property being used? A residential
development may have more applicability for
certain nonstructural BMPs than other land uses.
For example, cluster development is an applicable
BMP for residential development, but may be less
used in more urban situations.

*  What natural features are on site? A thorough site
inventory will provide the necessary information to
assess the ability to implement many of the BMPs,
including preserving sensitive and riparian areas.

*  What local, county, state, and other regulations
need to be met? A review of local, county, state,
and other regulations can also provide guidance on
selecting the right mix of nonstructural BMPs.

BMP Fact Sheet and Detailed
Nonstructural BMP Information

Each BMP begins with a fact sheet that provides a quick
overview of the BMP, along with a local case study.
The fact sheets can be removed separately from the
manual and serve as a stand-alone document for quick
reference. Fact sheet ratings have been condensed to
general categories (High, Medium, and Low) with these
summary ratings often discussed in more detail in the
BMP text. Stormwater Quality Functions are based on
a compilation of recent national/international studies
rating pollutant removal performance.

Following each fact sheet is detailed information on the
BMP which includes:

Variations

Discusses the variations to the BMP, if there are appli-
cable. Examples include alternatives in design that can
increase storage capacity or infiltration rates.

Applications

Indicates land use types for which the BMP is appli-
cable or feasible.
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Design Considerations

This section includes a list of technical procedures to
be considered when designing for the individual BMP.
This specific design criteria is presented, which can
assist planners in incorporating LID techniques into a
site design, as well as provide a basis for reviewers to
evaluate submitted LID techniques.

Stormwater Calculations and Functions

Provides specific guidance on achieving sizing criteria,
volume reduction, and peak rate mitigation, as appli-
cable. This section also references Chapter 9 which
discusses in detail how to achieve a specific standard or
implement measures that contribute to managing water
onsite in a more qualitative manner.

Construction Guidelines

Provides a typical construction sequence for implement-
ing the BMP. However, it does not specifically address
soil erosion and sedimentation control procedures.
Erosion and sediment control methods need to adhere
to the latest requirements of MDEQ’s Soil Erosion and
Sedimentation Control Program and local standards.

Maintenance

Provides guidance on recommended maintenance
procedures for the BMP.

Winter Considerations

Discusses how well the BMP performs in Michigan’s
cold climate.

Cost

Provides general cost information for comparison
purposes. If specific dates of costs are not referenced in
this section, the costs reflect 2007 conditions.

Designer/Reviewer’s Checklist

Developed to assist a designer and or reviewer in evalu-
ating the critical components of a BMP that is being
designed. It references not only individual design
considerations, but also suggests review of additional
pertinent sections of the LID manual that may need to
be considered for implementation of that BMP.

References

Provides a list of sources of information utilized in the
creation of this section of the manual. This list also
provides additional sources that can be used for addi-
tional information.
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Each fact sheet includes:

BMP Fact Sheet

Title

Short definition of BMP

Applications — Indicates in what type of land use BMP is applicable or
feasible (Yes, No, or Limited).

Stormwater Quantity Functions — Indicates how well the BMP functions
in mitigating stormwater management criteria (High, Medium, or Low).

Stormwater Quality Functions — Indicates how well the BMP performs in
terms of pollutant removal (High, Medium, or Low).

Applications Stormwater Quantity Functions
Residential Volume
: Groundwater
Commercial Recharge
Ultra Urban Peak Rate
Industrial Stormwater Quality Functions
. TSS — Total
Retrofit Suspended Solids
. TP — Total
Highway/Road Phosphorus
TN or NO3 - Total
Recreational Nitrogen/Nitrate
Temperature

Additional Considerations

Cost — Indicate whether cost is high, medium or low by the following categories
» High — =>adds more than 5% to total project cost
e Medium - adds 1-5% to total project cost
e Low —=<adds less than 1% to total project cost

Maintenance — Indicates level of maintenance required to maintain BMP
(High, Medium, or Low).

» High — Maintenance intensive (i.e., year-round maintenance)

* Medium - Several times per year

* Low — One time per year

Winter Performance — Indicates if BMP provides equivalent performance
throughout the winter (High, Medium, or Low)

* High — BMP performs very well in winter conditions
* Medium — BMP has reduced performance in winter conditions

* Low - BMP still performs in winter conditions, but performance is
significantly reduced.
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4 )

Variations
(optional)

List of variations to the BMP if
applicable

Key Design
Features

Bulleted list of information that
is key to the design of BMP

Site Factors
(optional)

List of specific factors that relate
to BMP performance:

» Water table/bedrock separation
distance

* Soil type

* Feasibility on steeper slopes

* Applicability on potential
hotspots (e.g., brownfields)

Benefits
List of benefits directly related to
implementing the BMP

Limitations
List of site constraints associated

with implementation
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Case Study: Title

The second page of the fact sheet includes a Michigan case study high-
lighting several features of the use of an individual BMP. Each case study
includes a description of the project, as well as several site considerations

including:

Case Study Site Considerations

Project Type

Soil Conditions

Estimated Total
Project Cost

Maintenance
Responsibility

Project Contact
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BMP Fact Sheet

Cluster Development

Cluster development (also known as open space development) concentrates
development on smaller lots on a portion of a larger site. Clustering allows
the site planner to avoid resource sensitive and constrained areas at a site,
such as steep slopes and water-sensitive areas including riparian buffers,
wetlands, and floodplains without sacrificing the level of development.

Clustering reduces the amount of required infrastructure and various devel-
opment-related costs. Clustering lends itself to residential development,
with greatest potential in municipalities where large-lot residential devel-
opment is typical. Clustering can reduce total impervious area and total
disturbed areas at development sites, thereby reducing stormwater peak
rates of runoff, reducing total volume of runoff, and reducing nonpoint
source pollutant loads.

Aerial view of cluster development in Ann Arbor, Ml
Source: Atwell Hicks

4 )

Variations
¢ Clustering as an option

* Clustering mandated by the
municipality

* Clustering with incentives
such as density bonuses

Key Design
Features
* Develop inventory

* Map sensitive areas

¢ Reduce total site disturbance
and develop cluster plan

¢ Increase undisturbed open
space

Benefits
» Reduces required infrastruc-
ture

* Increases open space

* Protects environmentally sen-
sitive natural resources

Limitations

* Site specific based on land
topography and individual
conditions

Potential Applications Stormwater Quantity Functions
Residential Yes Volume High
Commercial Yes* :2:;:::;’?“ High
Ultra Urban Limited Peak Rate High
Industrial Limited Stormwater Quality Functions
Retrofit No TSS High
Highway/Road No TP High
Recreational Limited NO, Hioh

Temperature High
Additional Considerations
Cost Low
Maintenance Low/Med
Winter Performance High
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*Depending upon site size, constraints,
and other factors.
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Case Study: Pokagon Band of Potawatomi
Indians Pokagonek Edawat Housing
Development

Dowagiac, Ml
The Dowagiac River Watershed Management Plan was used as the basis for

the design principles in this project which led to integrating LID techniques
into the development.

This Native American housing development used nine LID BMPs to arrive
at an overall strategy to protect and use natural flow pathways and preserve
natural features in overall stormwater planning and design. This development
also maximized stormwater infiltration to groundwater through use of pervi-
ous pavement, rain gardens, and bioswales. In addition, homes were clustered
to conserve open space and reduce infrastructure costs.

The housing units were clustered in loops following the site topography, with 17
units in the first phase and 16 units scheduled for the second phase. Clustering
reduced costs by shortening roads and utility runs. Smaller lots have reduced
lawn and yard maintenance. Clustering also allowed for shared bioswales to be
established among the buildings, helping to manage runoff. The footprints of
the homes were minimized, through minimizing hallway space and eliminat-
ing foyers, while still providing for maximum usable space.

Clustering of houses
Source: Pokagon Band of Potawatomi Indians

Case Study Site Considerations

Project Type Cluster development

Estimated Total Mostly associated with prescribed burns and turf mainte-
Project Cost nance

L Lt Pokagon Banb Housing Department

Responsibility

Project Contact Mark Parrish, mark.parrish@pokagon.com 269-782-9602
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Description and Function

Cluster development is driven by reducing minimum lot
size, though not necessarily changing the total number
of lots or amount of development occurring. As lot
sizes decrease, the portion of the site which remains as
undisturbed open space increases. If clustering is done
carefully, this remaining open space can and should
include those areas which are most sensitive environ-
mentally and/or which offer special value functions not
otherwise protected from development (e.g., high-qual-
ity woodlands areas).

Several amendments were made to the Township Zoning
Act (TZEA), the County Zoning Act (COZEA), and the
City and Village Zoning Act (CVZEA) in 2001, requir-
ing that municipalities (unless classified as “exempt”)
include clustering as an option in their respective zoning
ordinances. According to the Michigan Association of
Planning web site, regulatory provisions for clustering
include:

“...land zoned for residential development may be devel-
oped using cluster development designs at the option of
the land owner, the development of the specified land to
be not more than 50% of the land that could have been
developed (CVZEA 80%), density equivalency to be 2
or fewer dwelling units per acre, or if land is served by
public sewer and water, 3 or fewer dwelling units per
acre (all three statutes), land to remain perpetually in an
undeveloped state to be not less than 50% for both TZEA
and COZEA while CVZEA would be allowed 20%, all
undeveloped land would be maintained as conservation
easements, plat dedications, restrictive covenants, or
other legal means; however land development would
not depend upon the extension of public sewer or water
unless the exercise of the option for development would
depend upon an extension.”

Variations

One variation to a typical cluster development allows
for a density bonus to incentivize use of this technique.
A density bonus allows for additional lots to be added
to the site beyond what the yield plan would show
with a conventional subdivision. Proponents of this
method state that allowing an additional lot or two may
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be the incentive needed to increase implementation of
this technique. Opponents of this variation state that
a density bonus is not needed since the development
already costs less due to less stormwater and transporta-
tion infrastructure.

A second clustering variation for municipalities to
consider, subject to legal review, is establishing cluster-
ing as the baseline requirement, at least in some zoning
categories. Conventional non-clustered development
would still be an option (variance, conditional use,
etc.), but only if a variety of performance standards are
satisfied.

A third variation for consideration relates to the nature
and extent of development types subject to clustering
provisions. As discussed above, clearly single-family
residential development at lower densities/on larger
lots is ready-made for clustering. However, clustering
concepts can provide LID benefits in larger corporate
office parks, in retail centers, and other uses. Often
this clustering concept takes on its own nomenclature
e.g., New Urbanist, Smart Growth, Planned Integrated
Development, and others. In these cases, not only are
individual lots reduced in size, but the physical form
of the development typically undergoes change (i.e.,
50,000 square feet of retail can move from a one-story
box to stacked development with a much different
New Urbanist configuration). Depending upon the
nature and extent of the uses involved, “clustering” of
nonresidential uses (e.g., daytime offices with evening/
weekend retail), if carefully planned can offer potential
for reduced parking requirements.

Applications

Residential clustering

The most common clustering option is residential clus-
tering on new development. Figure 6.2 illustrates a
more traditional development scenario where lots are
placed across the entire site. In this example, the lot
and house placement does avoid major natural features
such as floodplain and wetlands, but still substantially
encroaches into woodlands and riparian buffer features.
Such a development layout (“yield plan”) provides an
estimate of a site’s capacity to accommodate lots and
houses at the base density hypothetically allowed under
a municipal zoning ordinance.

Page 63



Figure 6.2
Conventional development

Source: Growing Greener: Putting Conservation into Local
Codes. Natural Lands Trust, Inc., 1997

Figure 6.3 illustrates a “density-neutral” approach
to clustering, where the number of lots and houses is
held constant at 18 lots; however, the lot size has been
reduced significantly allowing for 50 percent of open
space area.

Figure 6.3
Clustered development

Source: Growing Greener: Putting Conservation into Local
Codes. Natural Lands Trust, Inc., 1997

LID Manual for Michigan — Chapter 6

Nonresidential clustering

Conventional nonresidential development (e.g., retail
commercial development) can also be configured in the
form of low-rise (one story), relatively low-density strip
or “big box” centers.

Design Considerations

The design process for implementing clustering at a
proposed development site can occur in a variety of
ways. Randall Arendt’s Growing Greener: Putting
Conservation into Local Codes (1997) provides clus-
tering guidance in several straight-forward steps. The
process typically begins with the applicant applying
existing conventional code to the site with any neces-
sary net outs to develop a “yield plan.” The purpose is
to determine how many units can be developed conven-
tionally:

» Step 1: Identify land to be protected: Primary
conservation areas,

* Identify land to be protected: Secondary
conservation areas, and

* Delineate potential development area.

» Step 2: Locate house sites on potential
development area

* Step 3: Connect with streets and trails
* Step 4: Draw in lot lines

A major issue to address is the extent to which a clustering
process is consistent with municipal ordinance require-
ments. How many house sites with what lot size are going
to be located in the potential development area?

If the existing municipal code is fully flexible, appli-
cants can comprehensively “zone out” primary and
secondary conservation areas and be confident that the
baseline “yield plan” unit count can be loaded into the
potential development area at whatever lot size is neces-
sary (some applicants/developers believe that smaller
lots translate into less valuable and marketable units
and are reluctant to make considerable reductions in lot
sizes). Often, however, such reduced lot sizes are less
than the municipal ordinance allows. In such cases, the
applicant is motivated to reduce primary and secondary
conservation areas, so that the potential development
area can be enlarged.
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Cluster development at Pokagonek Edawat
Housing Development

Source: Pokagon Band of Potawatomi Indians

Stormwater Functions and
Calculations

Volume and peak rate

Cluster development is a technique that results in
increased open space, which reduces stormwater peak
rate and volume. These open spaces are often associated
with other BMPs from this manual, including preserv-
ing sensitive areas and protecting riparian corridors.
These BMPs are not to be included in the disturbed
stormwater management area when calculating runoff
volume (Chapter 9 and Worksheet 3).

Any portion of the open space that is mitigated or
revegetated/reforested should be included in the
disturbed stormwater management area, but may be
granted credit in accordance with the applicable BMP
for native revegetation, soil restoration, minimize soil
compaction, riparian buffer restoration, or minimize
total disturbed area.

Water quality improvement

Clustering minimizes impervious areas and their asso-
ciated pollutant loads, resulting in improved water
quality. In addition, clustering preserves open space
and other natural features, such as riparian corridors,
which allow for increased infiltration of stormwater and
removal of pollutant loads. (See Chapter 9 for calcula-

tion methodology).
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Maintenance

Preserving open space creates concerns regarding
responsibility for maintenance activities. Legally, the
designated open space may be conveyed to the munici-
pality. More likely, ownership of these natural areas will
be assumed by homeowners’ associations or the specific
individual property owners where these resources are
located. Specific maintenance activities will depend on
the type of vegetation present in the preserved natural
area. For example, woodlands require little to no main-
tenance and open lawns require higher maintenance.
An objective of cluster development is to conserve the
existing natural systems with minimal, if any, interven-
tion and disturbance.

Cherry Hill Village, Canton Township, Ml

Cost

Clustering is beneficial from a cost perspective. Costs
to build 100 clustered single-family residential homes is
less due to less land clearing and grading, less road and
sidewalk construction (including curbing), less lighting
and street landscaping, potentially less sewer and water
line construction, potentially less stormwater collection
system construction, and other economies of scale.

Post-construction, clustering also reduces costs. A vari-
ety of studies from Rutgers University’s landmark Costs
of Sprawl studies and later updates show that delivery
of a variety of municipal services such as street main-
tenance, sewer and water services, and trash collection
are more economical on a per person or per house basis
when development is clustered. Furthermore, services
such as police protection are made more efficient when
residential development is clustered.

Additionally, clustering has been shown to positively
affect land values. Analyses of market prices of conven-
tional developmentovertimeincontrastwith comparable
clustered residential developments (where size, type,
and quality of the house itself is held constant) indicate
that clustered development increases in value at a more
rapid rate than conventionally designed developments.
This is partly due to the proximity to permanently
protected open space.
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Designer/Reviewer Checklist for Cluster Development

ITEM YES | NO | N/A NOTES

Has nonstructural BMP Protect Sensitive Resources
been applied? If not, complete this BMP.

Has a baseline “yield plan” been developed by
applicant?

What municipal ordinance provisions - obstacles
and opportunities - exist for clustering?

Has a Potential Development Area, or comparable,
which avoids Sensitive Resources, been delineated?

Has “yield plan” house/unit count been loaded into
Potential Development Area?

What clustered lot size assumptions are being used?
Compatible with municipal ordinance?

Compare disturbed area/developed area of “yield
plan” with clustered plan?
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BMP Fact Sheet 4 N

Key Design
Features
== = - = * Reduce disturbance through
Minimize Soil Compaction design and construction
practices
Minimizing soil compaction is the practice of protecting and minimizing

- . . e Limit f h
damage to existing soil quality caused by the land development process. L e S

equipment
Enhancing soil composition with soil amendments and mechanical resto- : .p .
ration after it has been damaged is addressed in Chapter 7 as a separate * Avoid extensive and
structural BMP. unnecessary clearing and

stockpiling of topsoil

» Use top quality topsoil;
maintain topsoil quality during
construction

Benefits
¢ Increases infiltration capacity

* Provides healthy environment
for vegetation

¢ Preserves low areas, which of-
fer added benefit when runoff
is directed there from impervi-

ous areas
Limitations
* Difficult to implement on
Minimizing disturbance of soil to protect wooded area small development sites
Source: City of Andover, Minnesota \ /
Applications Stormwater Quantity Functions
Residential Yes Volume Med/High
. Groundwater .
Commercial Yes Recharge Med/High
Ultra Urban Limited Peak Rate Low/Med
Industrial Yes Stormwater Quality Functions
Retrofit Limited TSS Med/High
Highway/Road Limited TP Med/High
. NO, Low
Recreational Yes -
Temperature Med/High
Additional Considerations
Cost Low/Med
Maintenance Low
Winter Performance Low/Med
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Case Study: Minimizing soil compaction
near an oak tree

City of Troy, MI

Minimizing soil compaction is not only important for drainage of a site, but
also for minimizing impacts to established vegetation. In order to protect a
culturally significant pin oak tree, the City of Troy utilized orange construc-
tion fencing at the drip line of the tree to protect the roots from any damage
that could potentially be caused by machinery. The construction in the area
included the assembly of a permanent picnic shelter that included a concrete
foundation and steel I-beam construction. Prior to any construction commenc-
ing, the City placed the stakes and temporary fencing around the 30-inch oak
tree, and notified the contractor that the area was to be protected.

Heavy equipment used within the drip line of a tree can cause soil compac-
tion, resulting in the death of tree roots. Damage done to a tree’s root system
may take 3-4 years after construction to be present in a tree’s canopy.
Currently, the shelter has been completed, and the damage was successfully
minimized to the pin oak tree.

Fencing around oak tree to minimize soil compaction
Source: City of Troy

Case Study Site Considerations

Project Type Minimize soil compaction
Estimated Total - .

Project Cost Minimal — Utilized DPW stakes
Maintenance .

Responsibility City of Troy

Project Contact Jennifer Lawson, 248-524-3881
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Description and Function

Minimizing soil compaction relates directly to reducing
total site disturbance, site clearing, site earthwork, the
need for soil restoration, and the size and extent of costly,
engineered stormwater management systems. Ensuring
soil quality can significantly reduce the cost of landscap-
ing vegetation (higher survival rate, less replanting) and
landscaping maintenance. Fencing off an area can help
minimize unnecessary soil compaction.

Preventing soil compaction adjacent to a stand of trees
Source: City of Andover, Minnesota

Soil is a physical matrix of weathered rock particles
and organic matter that supports a complex biological
community. This matrix has developed over a long time
period and varies greatly within the state. Healthy soils,
which have not been compacted, perform numerous
valuable stormwater functions, including:

» Effectively cycling nutrients,

* Minimizing runoff and erosion,

* Maximizing water-holding capacity,
* Reducing storm runoff surges,

* Absorbing and filtering excess nutrients, sediments,
and pollutants to protect surface and groundwater,

* Providing a healthy root environment,

* Creating habitat for microbes, plants, and animals,
and

* Reducing the resources needed to care for turf and
landscape plantings.

Undisturbed soil consists of pores that have water-
carrying and holding capacity. When soils are overly
compacted, the soil pores are destroyed and permeabil-
ity is drastically reduced. In fact, the runoff response
of vegetated areas with highly compacted soils closely
resembles that of impervious areas, especially during
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large storm events (Schueler, 2000). Recent research
studies indicate that compacted soils from development
practices end up as dense as concrete.

Applications

Minimizing soil compaction can be performed at any
land development site during the design phase. It is
especially suited for developments where significant
“pervious” areas (i.e., post-development lawns and
other maintained landscapes) are being proposed. If
existing soils have already been excessively compacted,
soil restoration is applicable (see soil restoration BMP
in Chapter 7).

Design Considerations

Early in a project’s design phase, the designer should
develop a soil management plan based on soil types
and existing level of disturbance (if any), how runoff
will flow off existing and proposed impervious areas,
trees and natural vegetation that can be preserved, and
tests indicating soil depth and quality. The plan should
clearly show the following:

1. No disturbance areas. Soil and vegetation
disturbance is not allowed in designated no
disturbance areas. Protecting healthy, natural
soils is the most effective strategy for preserving
soil functions. Not only can the functions be
maintained, but protected soil organisms are also
available to colonize neighboring disturbed areas
after construction.

2. Minimal disturbance areas. Limited construction
disturbance occurs, but soil restoration may be
necessary for such areas to be considered fully
pervious after development. In addition, areas to be
vegetated after development should be designated
minimal disturbance areas. These areas may allow
some clearing, but no grading due to unavoidable
cutting and/or filing. They should be immediately
stabilized, revegetated, and avoided in terms of
construction traffic and related activity. Minimal
disturbance areas do not include construction traffic
areas.

3. Construction traffic areas. Construction traffic
is allowed in these areas. If these areas are to be
considered fully pervious following development, a
soil restoration program will be required.
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4. Topsoil stockpiling and storage areas. If these
areas are needed, they should be protected and
maintained. They are subject to soil restoration
(including compost and other amendments)
following development.

5. Topsoil quality and placement. Soil tests are
necessary to determine if it meets minimum
parameters. Critical parameters include: adequate
depth (four inches minimum for turf, more for
other vegetation), organic content (five percent
minimum), and reduced compaction (1,400 kPa
maximum) (Hanks and Lewandowski, 2003). To
allow water to pass from one layer to the other,
topsoil must be “bonded” (See Construction
Guidelines #4) to the subsoil when it is reapplied to
disturbed areas.

Construction site disturbance showing grading and soil
compaction

Construction Guidelines

1. At the start of construction, no disturbance and
minimal disturbance areas must be identified with
signage and fenced as shown on the construction
drawings.

2. No disturbance and minimal disturbance areas
should be strictly enforced.

3. No disturbance and minimal disturbance areas
should be protected from excessive sediment and
stormwater loads while adjacent areas remain in a
disturbed state.

4. Topsoil stockpiling and storage areas should
be maintained and protected at all times. When
topsoil is reapplied to disturbed areas it should be
“bonded” with the subsoil. This can be done by
spreading a thin layer of topsoil (2-3 inches), tilling
it into the subsoil, and then applying the remaining
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topsoil. Topsoil should meet locally available
specifications/requirements.

Stormwater Functions and
Calculations

Volume and peak rate reduction

Minimizing soil compaction can reduce the volume of
runoff by maintaining soil functions related to storm-
water infiltration and evapotranspiration. Designers
that use this BMP can select a lower runoff coefficient
(i.e., curve number) for calculating runoff volume and
peak rate from the area of minimized soil compaction.
Chapter 9 and worksheets three and four show how to
calculate the runoff credit for this BMP.

Where no-disturbance areas are specified, which are also
sensitive areas maintained in their presettlement state,
there will be no net increase in stormwater runoff from
that area. Calculation methodology to account for the
protection of sensitive areas is provided in Chapter 9.

Water quality improvement

Minimizing soil compaction improves water quality
through infiltration, filtration, chemical and biological
processes in the soil, and a reduced need for fertiliz-
ers and pesticides after development. See Chapter 9 for
information on how to calculate the volume of runoff
that needs water quality treatment.

Maintenance

Sites that have minimized soil compaction prop-
erly during the development process should require
considerably less maintenance than sites that have not.
Landscape vegetation, either retained or re-planted, will
likely be healthier, have a higher survival rate, require
less irrigation and fertilizer, and have better aesthetics.

Some maintenance activities such as frequent lawn
mowing can cause considerable soil compaction after
construction and should be avoided whenever possible.
Planting low-maintenance native vegetation is the best
way to avoid damage due to maintenance (Appendix C).
No disturbance areas on private property should have
an easement, deed restriction, or other legal measure
imposed to prevent future disturbance or neglect.

Cost

Minimizing soil compaction generally results in signif-
icant construction cost savings. Design costs may
increase slightly due to a more time intensive design.
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Criteria to Receive Credits for Minimize Soil Compaction BMP

To receive credit under a local regulation, areas of no disturbance and minimal disturbance must meet the following
criteria:

4 The no disturbance and minimal disturbance areas are protected by having the limits of disturbance and
access clearly shown on the Stormwater Plan, all construction drawings, and delineated/flagged/fenced in
the field.

O No disturbance and minimal disturbance areas are not be stripped of existing topsoil.
U No disturbance and minimal disturbance areas are not be stripped of existing vegetation.

U No disturbance and minimal disturbance areas are not be subject to excessive equipment movement. \ehicle
movement, storage, or equipment/material lay-down is not be permitted in these areas.

O Use of soil amendments and additional topsoil is permitted in other areas being disturbed, as described
above. Light grading may be done with tracked vehicles that prevent compaction.

Q Lawn and turf grass are acceptable uses. Planted meadow is an encouraged use.
O Areas receiving credit is located on the development project.

Designer/Reviewer Checklist for Minimize Soil Compaction

ITEM YES | NO | N/A NOTES

Have no disturbance areas been defined on plans (see minimize
total disturbed area BMP)?

Have no disturbance areas been fenced/flagged in field?

Have minimal disturbance areas been defined on plans?

Have construction traffic areas been defined on plans?

Is soil restoration BMP committed to construction traffic areas,
post-construction phase?

Are soil stockpiling and storage areas defined on plan?

Have proper topsoil quality and placement specifications been
committed in the plans?
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BMP Fact Sheet

Minimize Total Disturbed Area

A key component of LID is to reduce the impacts during development activ-
ities such as site grading, removal of existing vegetation, and soil mantle
disturbance. This can be achieved through developing a plan to contain
disturbed areas.

Minimizing disturbance to existing trees during residential construction
Source: Insite Design Studio, Inc.

4 )

Key Design

Features

* Identify and avoid special
value and environmentally
sensitive areas (See Protect
Sensitive Areas BMP)

* Maximize undisturbed open
space

e Minimize disturbance
lot-by-lot

e Maximize soil restoration and
restore soil permeability

e Minimize and control con-
struction traffic areas

* Minimize and control
construction stockpiling and
storage areas

Benefits
¢ Reduced runoff volume

* Reduced peak rates
* High water quality benefits
¢ Increased infiltration capacity

* Provides healthy environment
for vegetation

Limitations
¢ Difficult to achieve on small
development sites

Applications Stormwater Quantity Functions
Residential Yes Volume High
Commercial Yes ::::;:::;v:ter High
Ultra Urban Limited Peak Rate High
Industrial Yes Stormwater Quality Functions
Retrofit Limited TSS High
Highway/Road Limited TP High
Recreational Yes NO, High

Temperature High
Additional Considerations
Cost Low
Maintenance Low
Winter Performance High
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Case Study: Longmeadow Development

Longmeadow is 400 acres of rolling land divided by ponds, meadows, clus-
ters of trees, wetlands, and horse paddocks in Niles, MI. The development
was picked by The Conservation Fund as a demonstration project in the
State of Michigan for watershed protection.

The design was dictated by the land, resulting in separate areas for a variety
of housing types and lot sizes. It also resulted in the preservation of 50 acres
of open space, providing opportunities for fishing, community gardens,
walking trails, private roads for biking and hiking. The design accounted
for the need to preserve habitat for wildlife. This includes eliminating street
lighting and maintaining animal corridors.

The wetland areas on site were not disturbed, and are maintained by a vege-
tated buffer greater than 75 feet wide. The site design also incorporated long
vistas of seeded upland prairie meadows and homes tied in with miles of
white horse fence.

Most of the trees on site were preserved and extra care was taken to preserve
a very old, large oak tree at the entrance to the development. Visual separa-
tion of housing types was designed using existing fence rows of trees. In
addition, bioswales were installed to provide infiltration along the roads and
between homes.

View of existing wetland
Source: Longmeadow Development, Owner: Jane Tenney

Case Study Site Considerations

Project Type Bioswale, preservation of sensitive areas

Well drained soils on ridgetops, knolls, and plains. Permeability
is moderate to moderately rapid. Suited well for most building

and septic tank absorption. Main issue to address is maintain-
ing slope and erosion control

Soil Conditions

Estimated Total

Project Cost N/A

Maintenance -
Responsibility Longmeadow Homeowners Association
Project Contact Jane Tenney: janetenney@comcast.net
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Description and Function

Disturbance at a development site can occur through
normal construction practices, such as grading, cutting,
or filling. Minimizing the total disturbed area of the
site requires the consideration of multiple BMPs, such
as cluster development and identifying and protect-
ing sensitive areas. These BMPs serve to protect area
resources by reducing site grading and maintenance
required for long-term operation of the site.

Minimizing the total disturbed area of a site specifically
focuses on how to minimize the grading and overall
site disturbance, maximizing conservation of existing
native plant communities and the existing soil mantle of
a site. If invasive plant species are present in the exist-
ing vegetation, proper management of these areas may
be required in order for the vegetation to achieve its
greatest hydrological potential.

Minimize grading

Reduction in grading can be accomplished in several
ways, including conforming the site design with exist-
ing topography and land surface, where road alignments
strive to follow existing contours as much as possible,
varying the grade and alignment criteria as necessary to
comply with safety limits.

Minimize overall site disturbance

Site design criteria have evolved in municipalities to
ensure that developments meet safety standards (i.e.
sight distance and winter icing) as well as certain qual-
ity or appearance standards. Roadway design criteria
should be flexible in order to optimize the fit for a given
parcel and achieve optimal roadway alignment. The
avoidance of environmentally sensitive resources, such
as important woodlands, may be facilitated through
flexible roadway layout.

Disturbance of native trees minimized during residential
construction
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From the single-lot perspective, the conventional
lot layout can impose added earthwork and grading
Although the intent of these municipal requirements is
to provide privacy and spacing between units, the end
result is often a cleared and graded lot, which reduces
stormwater benefits. And although configuring lots in
a rectilinear shape may optimize the number of units,
municipalities should consider requiring that the total
site be made to fit the natural landscape as much as
possible.

Municipal criteria that impose road geometry are usually
contained within the subdivision and land develop-
ment ordinance. Densities, lot and yard setbacks, and
minimum frontages are usually contained in the zoning
ordinance. Flexibility in the following land develop-
ment standards will help to minimize site disturbance
on an individual lot basis, thereby achieving area-wide
stormwater quality and quantity results:

* Road vertical alignment criteria (maximum grade
or slope)

* Road horizontal alignment criteria (maximum
curvature)

* Road frontage criteria (lot dimensions)

* Building setback criteria (yards dimensions)

Minimally disturbed development
Source: Metropolitan Washington Council of Governments
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Applications

Minimizing the total disturbed area of a site is best
applied in lower density single-family developments,
but can also be applied in residential developments
of all types including commercial, office park, retail
center, and institutional developments. Larger indus-
trial park developments can also benefit from this BMP.
However, as site size decreases and density and inten-
sity of development increases, this BMP is uniformly
more difficult to apply successfully. At some larger sites
where Ultra Urban, Retrofit, or Highway/Road develop-
ment is occurring, limited application may be feasible.

Design Considerations

During the initial conceptual design phase of a land
development project, the applicant’s design engineer
should provide the following information, ideally
through development of a Minimum Disturbance/Mini-
mum Maintenance Plan:

1. Identify and Avoid Special Value/Sensitive Areas
Delineate and avoid environmentally sensitive
resources using existing data from appropriate
agencies (see Protect Sensitive Areas, Riparian
Corridors, and Natural Flow Pathways BMPs).

Woodlands Protected through Minimum Disturbance Practices

2. Minimize Disturbance at Site
Modify road alignments (grades, curvatures, etc.),
lots, and building locations to minimize grading,
and earthwork as necessary to maintain safety
standards and municipal code requirements.
Minimal disturbance design should allow the
layout to best fit the land form without significant
earthwork, such as locating development in areas

LID Manual for Michigan — Chapter 6

of the site that has been previously cleared, if
possible. If cut/fill is required, the use of retaining
walls is preferable to earthwork. Limits of grading
and disturbance should be designated on plan
documentation submitted to the municipality

for review/approval and should be physically
designated at the site during construction via
flagging, fencing, etc.

In addition, utilizing natural drainage features
generally results in less disturbance and requires
less revegetation.

. Minimize Disturbance at Lot

To decrease disturbance, grading should be

limited to roadways and building footprints.
Municipalities should establish maximum setbacks
from structures, drives, and walks. These setbacks
should be designed to be rigorous but reasonable in
terms of current feasible site construction practices.
These standards may need to vary with the type of
development being proposed and the context of that
development (the required disturbance zone around
a low density single-family home can be expected
to be less than the disturbance necessary for a large
commercial structure), given necessity for use of
different types of construction equipment and the
realities of different site conditions. For example,
the U.S. Green Building Council’s Leadership in
Energy & Environmental Design Reference Guide
(Version 2.0 June 2001) specifies:

“...limit site disturbance including earthwork and
clearing of vegetation to 40 feet beyond the
building perimeter, 5 feet beyond the primary
roadway curbs, walkways, and main utility
branch trenches, and 25 feet beyond pervious
paving areas that require additional staging areas
in order to limit compaction in the paved area...
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Stormwater Functions and
Calculations

Volume

Any portion of a site that can be maintained in its preset-
tlement state by using this BMP will not contribute
increased stormwater runoff and will reduce the amount
of treatment necessary. In addition, trees protected
under this requirement can get a “credit” by receiving
a curve number reflecting a woodlot in “good” condi-
tion. Calculation methodology to account for this BMP
is provided in Chapter 9.

Peak rate

Runoff from the minimized disturbed area may be
excluded from peak rate calculations for rate control,
provided that the runoff from the area is not conveyed to
and/or through stormwater management control struc-
tures. If necessary, runoff from the minimized disturbed
area should be directed around BMPs and stormwater
pipes and inlets by means of vegetated swales or low
berms that direct flow to natural drainageways.

Water quality improvement

Water quality is benefited substantially by minimizing
the disturbed area.

Maintenance

Minimizing site disturbance will result in a reduction
of required maintenance of a site in both the short- and
long-term. Areas of the site left as intact native plant
communities do not typically require replacement with
hard surfaces or additional vegetation to retain function.
On the other hand, artificial surfaces such as pavement or
turf grass require varying levels of maintenance through-
out the life of a development. Higher levels of disturbance
will also typically require significant maintenance of
erosion control measures during the active development
of a parcel, thus adding to short-term development costs.

While intact natural areas may require small amounts
of occasional maintenance (typically through invasive
species control) to maintain function, levels of main-
tenance required for hard surfaces or turf grass will
remain static or, in most cases, increase over time.
Avoiding disturbance to natural areas benefits the short
term developer and the long-term owner by minimizing
time and money needed to maintain artificial surfaces.
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Cost

The reduced costs of minimized grading and earthwork
should benefit the developer. Cost issues include both
reduced grading and related earthwork as well as costs
involved with site preparation, fine grading, and seeding.

Calculation of reduced costs is difficult due to the
extreme variation in site factors, (amount of grading,
cutting/filling, and haul distances for required trucking,).
Some relevant costs factors are as follows (as based on
R.S. Means, Site Work & Landscape Cost Data, 2007):

Site clearing

» Cut & chip light trees to six-inch diameter $3,475/acre
e Grub stumps and remove $1,600/acre

e Cut & chip light trees to 24-inch diameter $11,600/acre

* Grub stumps and remove $6,425/acre

Strip topsoil and stockpile

» Ranges from $0.52 to $1.78 / yard® because of
Dozer horse power, and ranges from ideal to
adverse conditions

* Assuming six inches of topsoil, 500 ft haul
$2.75 - 9.86 per yard®

* Assuming six inches of topsoil, 500 ft haul
$9,922 -16,746 per acre

Site preparation, fine grading, seeding

* Fine grading w/ seeding $2.91 /sq. yd.

* Fine grading w/ seeding $14,084 /acre

In sum, total costs usually range from $29,000 - $49,000
per acre and could certainly exceed that figure substan-
tially at more challenging sites.
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Criteria to Receive Credits for Minimizing Total Disturbed Area

To receive credit for protection of existing trees under a local regulation, the following criteria must be met:

O Area has not be subject to grading or movement of existing soils.

QO Existing native vegetation are in a healthy condition as determined through a plant inventory and may not
be removed.

Q Invasive vegetation may be removed.

QO Pruning or other required maintenance of vegetation is permitted. Additional planting with native plants is
permitted.

O Area is protected by having the limits of disturbance clearly shown on all construction drawings and
delineated in the field.

QO Area is located on the development project.

Designer/Reviewer Checklist for Minimize Total Disturbed Area

ITEM YES | NO | N/A NOTES

Do municipal requirements for open space and
related resource protection exist? Applied here?

Have related BMPs (Protect Sensitive Areas,
Natural Flow Pathways, Riparian Buffers, Clus-
tering) been applied?

Has Potential Development Area been defined?

Have infrastructure connections/constraints
been analyzed?

On site, have roads been aligned to fit topogra-
phy, to parallel contours and minimize cut/fill?
On areas previously cleared? With terracing?
Compatible with natural flow pathways?

On lots, have buildings been located to reduce
disturbance?

0On lots, have maximum disturbance radii been
established and applied?

No disturbance areas shall be clearly delineated
on construction plans and flagged/fenced in field

Have no disturbance zones been assessed qual-
itatively for invasive management needs?
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BMP Fact Sheet

Protect Natural Flow

Pathways

A main component of LID is to identify, protect, and use natural drainage
features, such as swales, depressions, and watercourses to help protect water
quality. Designers can use natural drainage features to reduce or eliminate

the need for structural drainage systems.

Natural flow pathway in residential development
Source: Brandywine Conservancy, Environmental Management Center, 1998

4 )

Variations
* Check dams to slow velocity

¢ Earthen berms for additional
storage

¢ Additional native vegetation
for increased infiltration

Key Design

Features

¢ Identifies and maps natural
drainage features (e.g., swales,
channels, ephemeral streams,
depressions, etc.)

» Uses natural drainage features
to guide site design

¢ Distributes non-erosive
surface flow to natural
drainage features

» Keeps non-erosive channel
flow within drainage pathways

» Uses native vegetative buffers

Benefits
* Maximizes natural hydrologi-

cal functions

» Reduces structural manage-
ment practices

* Reduces management costs

Limitations
* Minimal water quality benefits

Applications Stormwater Quantity Functions
Residential Yes Volume Low/Med
Commercial Yes 22::::::\::ter Low
Ultra Urban No Peak Rate Med/High
Industrial Yes Stormwater Quality Functions
Retrofit Yes TSS Low/Med
Highway/Road Yes TP Low/Med

. NO, Low
Recreational Yes
Temperature Low
Additional Considerations
Cost Low
Maintenance Low/Med
Winter Performance Low/Med
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Case Study: Marywood Health Center

Grand Rapids, Ml

When the new Marywood Health Center was designed and constructed,
care was taken to make a building and setting that met the needs of the nuns,
preserved the natural beauty of the area, and protected the creek.

The design and construction of the health center building preserved the natu-
ral topography. The stormwater from the roof of the new health center has
been diverted to create a pond landscaped with native perennial wildflow-
ers. The stormwater from the health center parking lot is conveyed along a
series of wildflower-planted swales and small ponds to a stormwater prairie
that matured in 2007. An additional feature is a rain garden and detention
pond next to the parking lot at Aquinata Hall.

The stormwater features on the campus created wildlife habitat and natural
beauty, enhancing the grounds for the residents and local community to
enjoy. The large prairie only needs to be mowed every other year to main-
tain the planting, reducing the cost of grounds keeping. The stormwater
systems have become a regional attraction, as this is the first stormwater
prairie planted in Grand Rapids, MI.

It takes three years for a prairie to mature, and until that time, it is not as
attractive as it will be once flowers and grasses reach full size. During the
first years of growth, the area can be beautifully enhanced with annual, non-
invasive wildflowers such as cosmos, and the soil stabilized with annual
ryegrass.

Native prairie vegetation in natural flow pathway

Case Study Site Considerations
Project Type :gtr)sfl’:l gf:rlgr:;ﬂow pathways, native vegetation, preserve
:f:ii'::tt%i::tal $2,000 (Rain garden and soil replacement)
r::::?lgia:ifiiv Volunteers and Marywood staff
Project Contact ?E/I;ué;eg:fg?;yé Grand Rapids Dominicans Leadership Vicaress
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Description and Function

Many natural undeveloped sites have identifiable
drainage features such as swales, depressions, and
watercourses which effectively manage the stormwater
that is generated on the site. By identifying, protecting,
and using these features, a development can minimize
its stormwater impacts. Instead of ignoring or replacing
natural drainage features with engineered systems that
rapidly convey runoff downstream, designers can use
these features to reduce or eliminate the need for struc-
tural drainage systems.

Naturally vegetated drainage features tend to slow
runoff and thereby reduce peak discharges, improve
water quality through filtration, and allow some infiltra-
tion and evapotranspiration to occur. Protecting natural
drainage features can provide for significant open space
and wildlife habitat, improve site aesthetics and property
values, and reduce the generation of stormwater runoff
itself. If protected and used properly, natural drainage
features generally require very little maintenance and
can function effectively for many years.

Site designs should use and/or improve natural drain-
age pathways whenever possible to reduce or eliminate
the need for stormwater pipe networks. This can reduce
costs, maintenance burdens, and site disturbance
related to pipe installation. Natural drainage pathways
should be protected from significantly increased runoff
volumes and rates due to development. The design
should prevent the erosion and degradation of natural
drainage pathways through the use of upstream volume
and rate control BMPs, if necessary. Level spreaders,
erosion control matting, revegetation, outlet stabiliza-
tion, and check dams can also be used to protect natural
drainage features.

Preservation of natural features in residential development

LID Manual for Michigan — Chapter 6

Variations

Natural drainage features can also be made more effec-
tive through the design process. Examples include
constructing slight earthen berms around natural
depressions or other features to create additional stor-
age, installing check dams within drainage pathways to
slow runoff and promote infiltration, and planting addi-
tional native vegetation within swales and depressions.

Applications

As density and overall land disturbance decreases, this
BMP can be used with a greater variety of land uses
and development types. It is best used in residential
development, particularly lower density single-family
residential development. Where municipal ordinances
already require a certain percentage of the undevel-
oped site to remain as undeveloped open space, this
open space requirement can be overlain onto natural
flow pathways/drainage features, as well as floodplains,
wetlands, and related riparian areas. After minimizing
runoff as much as possible, reduced runoff quantities
can then be distributed into this natural flow pathway
system, on a broadly distributed basis, lot by lot.

Other land uses such as commercial and industrial
developments tend to be associated with higher density
development. This results in higher impervious cover-
age and maximum site disturbance allowances, making
protecting and conserving natural flow pathways/drain-
age areas more difficult.

Applications for both retrofit and highway/road are
limited. In terms of retrofitting, some developed sites
may have elements of natural flow pathways/drain-
age features intact, although many presettlement site
features may have been altered and/or eliminated.
Developed sites of lower densities may offer limited
retrofit potential. Similarly, highway/road projects are
likely to be characterized by both limited site area, given
the difficulties of right-of-way acquisition, as well as
substantial disturbance of this limited site area.

Schematic of a site design protecting natural drainage features

Source: Georgia Stormwater Management Manual, Volume 2:
Technical Handbook, First Edition. August, 2001
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Design Considerations

1. Identify natural drainage features. Identifying
and mapping natural drainage features is generally
done as part of a comprehensive site analysis. This
process is an integral first step of site design. Subtle
site features such as swales, drainage pathways, and
natural depressions should be delineated in addition
to commonly mapped hydrologic elements such as
wetlands, perennial and intermittent streams, and
waterbodies.

Natural drainage features can guide the design

Source: Delaware Department of Natural Resources and
Environmental Control - Conservation Design for Stormwa-
ter Management

2. Use natural drainage features to guide site
design. Instead of imposing a two-dimensional
paper design on a particular site, designers can use
natural drainage features to steer the site layout.
Drainage features define contiguous open space and
other undisturbed areas as well as road alignment
and building placement. The design should
minimize disturbance to natural drainage features.
Drainage features that are to be protected should be
clearly shown on all construction plans. Methods
for protection, such as signage and fencing, should
also be noted on applicable plans.

3. Use native vegetation. Natural drainage pathways
should be planted with native vegetative buffers
and the features themselves should include native
vegetation where applicable. If drainage features
have been previously disturbed, they can be
restored with native vegetation and buffers.
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Stormwater Function and
Calculations

Volume reduction

Protecting natural flow pathways can reduce the volume
of runoff in several ways. Reducing disturbance and
maintaining a natural cover reduces the volume of
runoff through infiltration and evapotranspiration.
Using natural flow pathways further reduces runoff
volumes through allowing increased infiltration to
occur, especially during smaller storm events. Encour-
aging infiltration in natural depressions also reduces
stormwater volumes. Employing strategies that direct
non-erosive sheet flow onto naturally vegetated areas
also promotes infiltration — even in areas with relatively
impermeable soils. (See Chapter 9 for volume reduction
calculations.)

K Artesian spring in Northville \
Ridge Subdivision, Northville
Township, Ml

When the subdivision was being developed, the
Johnson Creek Protection Group requested that the
developer relocate one of the proposed residential
homes and create a small park above the spring so as
not to interrupt the groundwater flow. They agreed
and the spring still flows year around creating a focal
point for the park.

\Source: Wayne County Department of Environment J
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Peak rate mitigation

Protecting natural flow pathways can reduce the peak
rate of runoff in several ways. Reducing disturbance
and maintaining a natural cover reduces the runoff rate.
Using natural flow pathways can lower discharge rates
by slowing runoff and increasing onsite storage.

Water quality improvement

Protecting natural flow pathways improves water qual-
ity through filtration, infiltration, sedimentation, and
thermal mitigation. (See Chapter 9 for Water Quality
calculations.)

Maintenance

Natural drainage features that are properly protected
and used as part of site development should require
very little maintenance. However, periodic inspections
are important. Inspections should assess erosion, bank

stability, sediment/debris accumulation, and vegetative
conditions, including the presence of invasive species.
Problems should be corrected in a timely manner

Protected drainage features on private property should
have an easement, deed restriction, or other legal
measure to prevent future disturbance or neglect.

Cost

Protecting natural flow pathways generally results
in significant construction cost savings. Protecting
these features results in less disturbance, clearing, and
earthwork and requires less revegetation. Using natu-
ral flow pathways reduces the need and size of costly,
engineered stormwater conveyance systems. Together,
protecting and using natural flow pathways reduces and
even eliminates the need for stormwater management
facilities (structural BMPs), lowering costs even more.

Designer/Reviewer Checklist for Protect Natural Flow Pathways

ITEM YES | NO

N/A NOTES

Identify in plan all natural flow pathways before
proposed development?

Identify in plan natural flow pathways protected
post-development?

Highlight in plan natural flow pathways which are
integrated into stormwater management?

Have measures been taken to guarantee that
natural pathways won’t be negatively impacted by
stormwater flows?

Have credits been calculated for natural flow path-
ways being protected?

LID Manual for Michigan — Chapter 6
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BMP Fact Sheet

Protect Riparian Buffer Areas

Riparian buffer areas are important elements of local communities’ green
infrastructure and/or LID tool box. These areas are critical to the biological,
chemical, and physical integrity of our waterways. Riparian buffer areas
protect water quality by coolong water, stabilizing banks, mitigating flow
rates, and providing for pollution and sediment removal by filtering over-
land sheet runoff before it enters the water. The Environmental Protection
Agency defines buffer areas as, “areas of planted or preserved vegetation
between developed land and surface water, [which] are effective at reducing
sediment and nutrient loads.”

Physical restoration of riparian buffer areas is located in Chapter 7 as a
structural BMP. A detailed description of the characteristics of riparian
buffer areas is combined with a discussion of their stormwater functions in
the restoration BMP.

Maintaining a riparian buffer
Source: JFNew

4 )

N

Applications Stormwater Quantity Functions
Residential Yes Volume Low/Med
Commercial Yes ::::;:::::ter Low/Med
Ultra Urban Limited Peak Rate Low/Med
Industrial Yes Stormwater Quality Functions
Retrofit Yes TSS High
Highway/Road Limited TP High

. NO, Medium
Recreational Yes X
Temperature High
Additional Considerations
Cost Low/Med
Maintenance Low
Winter Performance High
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Key Design
Features
* Physical protection

* Protection through planning
tools

Benefits
* Improves water quality

¢ Reduces runoff velocities
¢ Reduces flow

* Enhances site aesthetics,
habitat

¢ Reduces shoreline and bank
erosion

 Improves flood control

* Reduces water temperature

Limitations
e Limited in reducing total run-
off volumes

* Size of lot and/or develop-
ment site may reduce ability to
protect riparian buffers J
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Case Study: Macomb County Public Works
Riparian Corridor Preservation

Clinton Township, Ml

Macomb County Public Works incorporated LID techniques into the devel-
opment of their new public works building. One element of the property is a
35 acre riparian area located along the North Branch of the Clinton River.

The county is committed to preserving this riparian corridor and is research-
ing the option of a permanent easement that would be under the under the
ownership and maintenance of a local land conservancy.

Other LID techniques used on this project include:

* Rain garden to catch roof runoff,

* Bioswale that captures parking lot runoff,

* Porous pavers along the sidewalks entering the building, and

* Native plantings located around the site, including the rain garden and
bioswale.

Source: Macomb County Public Works Office

Case Study Site Considerations

Project Type Protect riparian areas, porous pavers, rain garden, bioswale

Project Contact Lynne Seymour, 586-307-8229

LID Manual for Michigan — Chapter 6

Page 90



Applications

As with the “protect sensitive areas” nonstructural
BMP, protecting riparian buffer areas has great value
and utility for virtually all types of development propos-
als and land uses. This BMP works best on larger sites.
Therefore, although riparian buffer programs should be
advocated in the densest of settings, their application is
likely to be limited in high density contexts. Creative
design can maximize the potential of riparian buffers.
Clustering and density bonuses are design methods
available to increase the amount and connectedness of
open space areas such as riparian buffers.

Design Considerations

Physical design

Consider the following when protecting the proper
riparian buffer area width and related specifications:

* Existing or potential value of the resource to be
protected,

e Site, watershed, and buffer characteristics,

* Intensity of adjacent land use, and

» Specific water quality and/or habitat functions
desired. (Chesapeake Bay Riparian Handbook)

Buffer width recommendations

Riparian buffers can be divided into different zones that
include various vegetation to enhance the quality of the
body of water.

Zone 1: Also termed the “streamside zone,” begins
at the edge of the stream bank of the active channel
and extends a minimum distance of 25 feet, measured
horizontally on a line perpendicular to the water body.
Undisturbed vegetated area aims to protect the physical
and ecological integrity of the stream ecosystem. The
vegetative target for the streamside zone is undisturbed
native woody species with native plants forming canopy,
understory, and duff layer. Where such forest does not
grow naturally, then native vegetative cover appropri-
ate for the area (such as grasses, forbs, or shrubs) is the
vegetative target. (HRWC Model Ordinance)

Zone 2: Also termed the “middle zone,” extends imme-
diately from the outer edge of Zone 1 for a minimum
distance of 55 feet. This managed area of native vegeta-
tion protects key components of the stream ecosystem
and provides distance between upland development
and the streamside zone. The vegetative target for the
middle zone is either undisturbed or managed native
woody species or, in its absence, native vegetative
cover of shrubs, grasses, or forbs. Undisturbed forest,
as in Zone 1, is encouraged strongly to protect future
water guality and the stream ecosystem. (HRWC Model
Ordinance)

Source: Schueler, Watershed Protection Techniques, 1994 (Graphic courtesy of the Center for Watershed Protection)
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Zone 3: Also termed the “outer zone,” it extends a
minimum of 20 feet immediately from the outer edge
of Zone 2. This zone prevents encroachment into the
riparian buffer area, filters runoff from adjacent land,
and encourages sheet flow of runoff into the buffer. The
vegetative target for the outer zone is native woody and
herbaceous vegetation to increase the total width of the
buffer; native grasses and forbs are acceptable. (HRWC
Model Ordinance)

Community planning and riparian buffers

Numerous tools exist at the community level to protect
riparian buffers, including ordinances, integrating
buffers into plans, and public education.

Community buffer regulations

To effectively manage riparian buffer areas, a commu-
nity must properly plan for these resources. Some
Michigan communities have riparian buffer ordinances
that explicitly regulate these areas. Typical components
of a riparian ordinance include:

* Exemptions,
* Width requirements,

* Permitted and prohibited uses within the riparian

buffer,
* Maintenance requirements,
e Waivers and variances, and

* Maintenance and construction of utilities and public
roads along the stream corridor.

Natural features setback standards establish a minimum
setback (buffer width) from natural features to prevent
physical harm or destruction of the feature. These stan-
dards recognize the relationship between terrestrial and
aquatic ecosystems and should be applied to both lakes
and rivers. Each community establishes buffer width
standards at their discretion.

In general, the wider the buffer, the greater the number
of ecological functions the riparian zone will provide.
Communities may choose to establish fixed or variable
width buffers or a combination of the two. (Oakland
County Planning & Economic Development Services)

Integrating buffer protection into plans

In addition to implementing a riparian buffer ordinance,
communities can include riparian buffer area protection
in the following planning tools:

¢  Community master plans,
* Park and recreation plans, and

» Subdivision and land development ordinances.

LID Manual for Michigan — Chapter 6
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Key planning elements of a local
riparian area protection program*

* Provide ample setbacks for sanitary facilities on buf-
fer areas.

* The wider the riparian buffer, the greater the water
quality protection and habitat value of the area.

¢ Establish setbacks from rivers and streams.

» Regulate road placement adjacent to the riparian
buffer area.

* Restrict clearing, construction, and development
within the 100-year floodplain.

» Zone areas adjacent to riparian buffer areas for low
intensity development.

 Establish minimum lot size, frontage, and width
requirements.

* Include reference to floodplain, soil, and sedimen-
tation controls administered by other agencies in
riparian regulations.

* Screen new structures with native vegetation.

* Limit industrial use along riparian corridors and
regulate through special use permits subject to pre-
designated standards.

* Limit the amount of impervious surfaces allowed
adjacent to buffer area.

* Clearly outline appropriate and inappropriate use of
riparian buffer areas.

* Promote intergovernmental coordination of regula-
tions among communities along the river corridor.

*Adapted from Michigan Wetlands — Yours to Protect

N J

Combination of established and new riparian vegetation
Source: Huron River Watershed Council
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Park and recreation plans can adopt the goals, policies,
and objectives for riparian protection that are listed in
the community master plan, or include its own park and
recreation-specific recommendations for riparian buffer
management. Content may focus on defining appro-
priate and inappropriate recreational uses for riparian
areas located within parks. Park and recreation plans
may also provide guidelines for proper construction
and maintenance of river access points, and rules and
regulations for public access as these topics relate to
potential impacts on riparian buffers. (Oakland County
Planning & Economic Development Services)

Riparian buffer education

Educational opportunities for the general public are an
important component in community planning. Inform-
ing riparian owners of the importance of buffer areas
will help to ensure these areas are understood and main-
tained over time. Public education activities include
hosting public meetings, direct mailings to riparian
homeowners, and educational workshops. These activi-
ties can be developed to meet the specific needs of your
community through partnerships with local watershed
groups.

Educational riparian booklet
Source: Huron River Watershed Council
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Design measures

The following elements represent a menu of design
measures for riparian and natural resource protection that
communities may choose to encourage or require devel-
opers to incorporate during the site plan review process.

Conservation subdivision or open space regulations:

* Prepare natural features inventory on proposed
project sites.

* Require certain percentage of total parcel acreage to
be retained as open space.

* Reference minimum buffer widths for riparian
buffer areas and identify upland areas adjacent
to riparian buffer areas as preferred green space
designated for low-impact residential recreation
activities.

* Advocate cluster development that concentrates
construction on land with less conservation value,
and allows owners of house lots in the development
to share undivided ownership of the portion
of property remaining in a scenic and natural
condition.

» Advocate lot averaging standards for retaining riparian
resources and natural features on smaller sites.

Lot size and density regulations:

* Provide flexible lot size and density standards to
guide development away from a stream buffer or
other sensitive land.

* Provide developers with density bonuses for land-
conserving design and density disincentives to
actively discourage land-consuming layouts.

Minimum frontage and road setback regulations:

* Provide flexibility in frontage and road setback
standards to minimize development intrusion on
riparian buffer areas.

Stormwater management guidelines:

* Regulate erosion control before, during, and after
construction.

* Encourage developers to retain natural vegetation
already protecting waterways.

* Create a variable-width, naturally vegetated
buffer system along lakes and streams that also
encompasses critical environmental features such as
the 100-year floodplain, steep slopes, and wetlands.
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* Limit clearing and grading of forests and native
vegetation at a site to the minimum amount
needed to build lots, allow access, and provide fire
protection.

* Promote riparian buffer areas as part of stormwater
management planning.

Source: Planning for Green River Corridors, Oakland
County Planning & Economic Development Services.

Wide buffer maintained during residential construction
Source: Huron River Watershed Council

Stormwater Functions and
Calculations

Any portion of a site that can be maintained in its
presettlement state by using this BMP will not contrib-
ute increased stormwater runoff and will reduce the
amount of treatment necessary. Calculation methodol-
ogy to account for this BMP is provided in Chapter 9.

Volume

Protected riparian buffers are not to be included in the
disturbed stormwater management area when calculat-
ing runoff volume (Chapter 9 and Worksheet 3).
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Any portion of a riparian buffer area that is mitigated
or revegetated/reforested should be included in the
disturbed stormwater management area, but may be
granted credit in accordance with the applicable BMP
for native revegetation, soil restoration, minimize soil
compaction, riparian buffer restoration, or minimize
total disturbed area.

Peak rate

Runoff from the riparian buffers may be excluded from
peak rate calculations for rate control, provided that
runoff from the riparian buffers is not conveyed to and/
or through stormwater management control structures.
If necessary, runoff from riparian buffers should be
directed around BMPs and stormwater pipes and inlets
by means of vegetated swales or low berms that direct
flow to natural drainageways.

Water quality improvement

Water quality is benefited substantially by avoiding
negative impacts which otherwise would have resulted
from impacts to riparian buffers (e.g., loss of water
quality functions from riparian buffers, from wetland
reduction, etc.).

Cost

The costs of protecting riparian areas relate to a reduc-
tion in land available for development. However, most
riparian areas are located in wetlands or floodplains,
restricting the amount of buildable area.
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Designer/Reviewer Checklist for Protect Riparian Buffer Areas

ITEM YES | NO | N/A NOTES

Define municipal programs requirements or resources for ripar-
ian buffer protection, if any

Based on above and relevant sources, establish riparian buffer
protection standards for development site

Map riparian resources at the site which need buffer protection

Apply Zone1/Zone2/Zone3 determinations; adjust for steep
slopes and/or other natural/made factors.

Overlay development program onto site, avoiding/minimizing
Riparian Buffer Zone impacts.

Provide for Riparian Buffer Zone maintenance?

Provide for Riparian Buffer Zone protection in perpetuity (deed
restrictions? covenants? easements?)?
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BMP Fact Sheet

Protect Sensitive Areas

Protecting sensitive and special value features is the process of identifying and
avoiding certain natural features during development. This allows these features
to be used for various benefits, including reducing stormwater runoff.

Protecting sensitive areas can be implemented both at the site level and
throughout the community. For prioritization purposes, natural resources and
their functions may be weighted according to their functional value. Sensitive
areas should be preserved in their natural state to the greatest extent possible
and are not the appropriate place to locate stormwater infrastructure.

Protection of existing native woodlands and wetlands, Kalamazoo, Ml
Source: Fishbeck, Thompson, Carr & Huber, Inc.

4 )

Key Design

Features

¢ Identify and map the follow-
ing: floodplains, riparian areas,
wetlands, woodlands, prairies,
natural flow pathways, steep
slopes, and other sensitive
areas.

¢ Identify and map potential
development areas

Benefits
* Improved water quality

» Mitigation of runoff volume
and peak rates

Limitations
¢ Difficult to implement on
smaller sites

Applications Stormwater Quantity Functions
Residential Yes Volume High
Commercial Yes :z‘:;:;‘:::ter High
Ultra Urban Limited Peak Rate High
Industrial Yes Stormwater Quality Functions
Retrofit No TSS High
Highway/Road Limited TP High
Recreational Yes No, L?W

Temperature High
Additional Considerations
Cost Low/Med
Maintenance Low/Med
Winter Performance High
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Case Study: Western Michigan University

WMU, Business, Technology, and Research Park

Over 20 acres of this 200-acre development in Kalamazoo, MI was desig-
nated for a unique stormwater treatment system, which contained the
preservation of natural features including woodlands and riparian corridors.
In addition, other LID practices were also implemented on this site consist-
ing of prairie restoration to provide habitat, minimize stormwater runoff, and
improve water quality. Multi-cell ponds, bioretention, and wetlands were
also designed to reduce outflow from the site to below the pre-developed
rate and volume. The overall low impact design was imperative because it
addressed the concerns of downstream residential neighbors who were very
concerned that a large institutional development would negatively impact
the quality of their lake.

Prior to development, over 10 acres of woodland and riparian areas were
preserved as natural buffer areas and marked off during construction. These
areas were supplemented with additional native herbaceous and woody
plantings, which have matured into a beautiful landscape and nature area.
All are low maintenance in terms of pest control and watering.

The benefits of sensitive area preservation are many for the park. One
concern expressed by the neighborhood residents was the loss of greenspace
because the former fields and woodland edge were used by many for nature
hikes. In the end, the nature area preserved in the park is far more accessible
to a wider range of people who enjoy the greenspace and diverse wildlife it
attracts. The quality of life for these local residents was also preserved.

Trail through prairie restoration at the park
Source: Fishbeck, Thompson, Carr & Huber, Inc.

Case Study Site Considerations

Project Type Preserv_anon of natural features, constructed wetlands, native
vegetation.

Estimated Total -

Project Cost $5 million

Maintenance

Responsibility WM

Project Contact David Dakin, 269-387-8543
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Description and Function

Protecting sensitive areas challenges the site planner
to inventory and then, to the greatest extent possible,
avoid resource sensitive areas at a site, including ripar-
ian buffers, wetlands, hydric soils, floodplains, steep
slopes, woodlands, valuable habitat zones, and other
sensitive resource areas. Development, directed away
from sensitive areas, can be held constant, if BMPs
such as cluster development are also applied.

A major objective of LID is to accommodate develop-
ment with fewer impacts to the site. If development
avoids encroachment upon, disturbance of, and impact to
those natural resources which are especially sensitive to
land development impacts and/or have special functional
value, then low impact development can be achieved.

Table 6.1
Data Sources for Environmentally Sensitive Areas

The first step in protecting sensitive areas is for the site
planner to define, inventory, and map which resources
are especially sensitive and/or have special value at a
site proposed for development. Although many sensitive
areas are common to all municipalities across Michigan,
they can vary by region. The most detailed inventories
are often compiled at the municipal or county level.
For those areas without municipal or county-level data,
state-level data can be used. (Table 6.1 is a partial list of
potential sensitive area resources.)

Agency Responsible for Data Development/Upkeep

Lakes and Streams

Michigan Center for Geographic Information, municipal and county agencies

Designated Trout Lakes/Streams and
Natural Rivers

Michigan Center for Geographic Information Michigan Geographic Data Library

Wetlands Indicators

SEMCOG, Michigan Center for Geographic Information

Flood Prone Areas

SEMCOG, FEMA, municipal and county agencies

Wellhead Protection Areas

Michigan State University and Michigan Department of Environmental Quality

Woodlands

SEMCOG, Michigan Center for Geographic Information

Parks and Recreation Areas

SEMCOG, Ducks Unlimited, municipal and county agencies

Historic Sites

Michigan Center for Geographic Information, municipal and county agencies

Heritage Routes and Natural Beauty Roads :
county agencies

Michigan Department of Transportation and County Road Commissions, municipal and

Historic Bridges

Michigan Department of Transportation

Nonmotorized Facilities

Michigan Trails and Greenways Alliance, Community Foundation for Southeast Michigan

Sand Dunes

Michigan Center for Geographic Information

Source: SEMCOG
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Protection of sensitive areas in residential development in
Washington Township, Ml

Preserving open space in multiple development areas
throughout a community can ultimately evolve to
form a unified open space system, integrating impor-
tant conservation areas throughout the municipality
and beyond. Many communities within Michigan are
undertaking “green infrastructure” planning initiatives
to proactively map these systems in order to restore or
protect them as development occurs. The objective of
these plans is to avoid impacting sensitive areas by:
1) carefully identifying and mapping these resources
(resource areas, primary and secondary) from the start
of the site planning process, and 2) striving to protect
resource areas by defining other portions of the site free
of these resources (potential development areas).

At the community level, local governments can imple-
ment community-wide regulations that protect sensitive
areas such as wetlands, woodlands, riparian areas, and
floodplains. Appendix H contains model ordinances for
various sensitive resources developed for communities
in Michigan.

Potential Applications

Regardless of land use type, protecting sensitive areas
is applicable across all types of land development proj-
ects, whether residential of varying densities or office
park, retail center or industrial and institutional uses. As
density and intensity of uses increases, ease of applica-
tion of this BMP decreases. In such limited cases, it is
especially important that sensitive areas be prioritized.

~

Environmentally Sensitive
Resources

SEMCOG has analyzed possible impacts on envi-
ronmentally sensitive resources from planned trans-
portation projects in Southeast Michigan, which may
be helpful in minimizing site disturbance in certain
development areas.

SEMCOG has defined these environmentally sensitive
resources and potential impacts of planned transporta-
tion projects in the document, Integrating Environ-
mental Issues in the Transportation Planning Process:
Guidelines for Road and Transit Agencies.

The transportation projects were identified from the
2030 Regional Transportation Plan for Southeast
Michigan (RTP) and were mapped using Geographic
Information Systems (GIS).

Please visit www.semcog.org to download maps of
the sensitive resources in PDF or to download data in
GIS format.

- J

Design Considerations

1. Identify, map, and inventory sensitive areas.

Mapping a site’s sensitive areas is an important
step in preserving them (Figure 6.4). These
features often include wetlands, steep slopes,
woodlands, floodplains, and riparian areas. These
data may give the community a general idea of

the sensitive resources that could be on the site. In
addition, the mapping will help the site designer
define a potential development area which avoids
encroachment upon and disturbance of defined and

mapped sensitive areas.

The inventory of sensitive areas should also include
an assessment of the quality of the existing natural
communities. Because plant communities will exist
in a variety of states based on historic disturbance
and degradation, the quality of the given
community needs to be considered in comparison to
other similar communities. For instance, two upland
forests in adjacent parcels may have significantly
differing floristic quality, thus influencing the
selection of land for site development. A floristic
quality inventory (FQI) may be used to quantify the
quality of a given natural community. As a general
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rule of thumb, FQIs of 20 or lower have little
ecological value, while those greater than 35 are
have ecological importance across the state. FQIs
greater than 50 represent only our highest quality
plant communities and should never be considered
for development.

The quality of a given plant community must

also be considered in comparison to other plant
communities in the state. For example, oak
openings are considerably rarer in Michigan than
dry southern forests. So, when given a choice of
development for unregulated land, the more rare
plant community should typically be avoided. A
ranking system for Michigan’s natural communities,
characterizing all communities statewide and

globally on a 1-5 scale, is available at
https://mnfi.anr.msu.edu/communities/.

. Combine mapped natural features into a
sensitive resource areas map, prioritizing areas
to avoid development.

All sensitive resource mapping should be overlain
to produce a sensitive areas map. Randall Arendt
in Growing Greener acknowledges prioritizing

or weighting of sensitive areas by defining

them as either Primary Conservation Areas (the
most critical — avoid at all costs) or Secondary
Conservation Areas (important resources which
should be avoided when possible). Mapping the
secondary resources of the site is an important step;
the community can provide input to determine
which features are important for preservation.
Additionally, Primary and Secondary Conservation
Areas can be defined in different ways, possibly
varying with watershed context, (e.g., woodlands
in some contexts may be classified as Primary
Conservation Areas, rather than secondary). Given
the substantial variability in Michigan’s natural
resources from one ecoregion to another, this
flexibility in weighting resource types is especially
important.

. Map potential development areas; prioritize/
weight as necessary.

The potential development area should be
delineated on the basis of protecting the primary
and secondary resources on a site. Like the
sensitive areas map, priorities and weightings
may be reflected in the potential development
area map. If sensitive areas have been prioritized,
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Figure 6.4

Map of sensitive areas (top) and secondary

resources (bottom)

Source: Arndt, Randall G. 1997
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then weightings of potential development also

may be established, varying with lack of degree of
sensitivity measured by the resources themselves or
overlapping of resources.

4. Municipal regulation

The level of regulation imposed on resource
areas (primary and secondary) will likely vary by
municipality. A municipal ordinance may prohibit
and/or otherwise restrict development in primary
and secondary resource areas, provided certain
legal tests (such as a takings determination) are
passed. Additional activities include:

1. Conservation easement — Given to land
conservancy or maintained by homeowners
association.

2. Requirements in the master deed and bylaws for
protection and preservation.

3. Boundary markers at edges of lots to minimize
encroachment.

4. Cooperative agreements for stewardship
of sensitive areas between homeowners’
associations and local conservation
organizations.

Stormwater Functions and
Calculations

Any portion of a site that can be maintained in its
presettlement state by using this BMP will not contrib-
ute increased stormwater runoff and will reduce the
amount of treatment necessary. Calculation methodol-
ogy to account for this BMP is provided in Chapter 9.

Volume

Protected sensitive areas are not to be included in the
disturbed stormwater management area when calculat-
ing runoff volume (Chapter 9 and Worksheet 3).

Any portion of a sensitive area that is mitigated or
revegetated/reforested should be included in the
disturbed stormwater management area, but may be
granted credit in accordance with the applicable BMP
for native revegetation, soil restoration, minimize soil
compaction, riparian buffer restoration, or minimize
total disturbed area.

Peak rate

Runoff from the protected sensitive area may be
excluded from peak rate calculations for rate control,
provided that the runoff is not conveyed to and/or
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Potential development area map
Source: Arndt, Randall G. 1997.

through stormwater management control structures. If
necessary, runoff from protected sensitive areas should
be directed around BMPs and stormwater pipes and
inlets by means of vegetated swales or low berms that
direct flow to natural drainageways.

Water quality improvement

Water quality is benefited substantially by avoiding
negative impacts which otherwise would have resulted
from impacts to sensitive areas (e.g., loss of water
quality functions from riparian buffers, from wetland
reduction, etc.).

Construction Guidelines

Although protecting sensitive areas happens early
in the site plan process, it is equally important that
the developer and builder protect these areas during
construction.

The following guidelines describe good planning prac-
tices that will help ensure protection of a few common
environmentally sensitive resources during construction.

Water resources

» If vegetation needs to be reestablished, plant native
species, or use hydroseed and mulch blankets
immediately after site disturbance.

» Use bioengineering techniques, where possible, to
stabilize stream banks.
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Native woodland area
Source: JFNew

Block or protect storm drains in areas where
construction debris, sediment, or runoff could
pollute waterways.

During and after construction activities, sweep the
streets to reduce sediment from entering the storm
drain system.

Avoid hosing down construction equipment at the
site unless the water is contained and does not get
into the stormwater conveyance system.

Implement spill control and clean-up practices

for leaks and spills from fueling, oil, or use of
hazardous materials. Use dry clean-up methods
(e.g., absorbents) if possible. Never allow a spill to
enter the stormwater conveyance system.

Avoid mobile fueling of equipment. If mobile fueling
is necessary, keep a spill kit on the fueling truck.

Properly dispose of solid waste and trash to prevent
it from ending up in our lakes and streams.

When protecting riparian buffer areas, consider the
three buffer zones in protection criteria:

Zone 1: Also termed the “streamside zone,”

begins at the edge of the stream bank of the active
channel and extends a minimum distance of 25 feet,
measured horizontally on a line perpendicular to
the water body. Undisturbed vegetated area aims

to protect the physical and ecological integrity

of the stream ecosystem. The vegetative target

for the streamside zone is undisturbed native
woody species with native plants forming canopy,
understory, and duff layer; where such forest does
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not grow naturally, then native vegetative cover
appropriate for the area (such as grasses, forbs,
or shrubs) is the vegetative target. (HRWC Model
Ordinance, p. 8)

Zone 2: Also termed the “middle zone,” extends
immediately from the outer edge of Zone 1 for a
minimum distance of 55 feet. This managed area of
native vegetation protects key components of the
stream ecosystem and provides distance between
upland development and the streamside zone.
The vegetative target for the middle zone is either
undisturbed or managed native woody species or,
in its absence, native vegetative cover of shrubs,
grasses, or forbs. Undisturbed forest, as in Zone
1, is strongly encouraged to protect further water
quality and the stream ecosystem. (HRWC Model
Ordinance, p. 8)

Zone 3: Also termed the “outer zone,” it extends a
minimum of 20 feet immediately from the outer edge
of Zone 2. This zone prevents encroachment into the
riparian buffer area, filters runoff from adjacent land,
and encourages sheet flow of runoff into the buffer.
The vegetative target for the outer zone is native
woody and herbaceous vegetation to increase the
total width of the buffer; native grasses and forbs are
acceptable. (HRWC Model Ordinance, p. 8)

Wetlands

Avoid impacts to wetlands whenever possible.

If impractical, determine if a wetland permit is
needed from the state or local government. (If any
permit requirements or wetland regulations conflict
with these guidelines, comply with the permit or
regulation).

Excavate only what is absolutely necessary to meet
engineering requirements. Do not put excavated
material in the wetland. (Excavated material could
be used in other areas of the site to improve seeding
success).

If construction activities need to occur within a
wetland, activities should be timed, whenever
possible, when the ground is firm and dry. Avoid
early spring and fish-spawning periods.

Install flagging or fencing around wetlands to
prevent encroachment.

Travel in wetlands should be avoided. Access roads
should avoid wetlands whenever possible. Crossing
a wetland should be at a single location and at the
edge of the wetland, if possible.

Never allow a spill to enter area wetlands.
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Floodplains

» Design the project to maintain natural drainage
patterns and runoff rates if possible.

» Maintain as much riparian vegetation as possible. If
riparian vegetation is damaged or removed during
construction, replace with native species.

* Use bioengineering techniques to stabilize stream
banks.

» Keep construction activity away from wildlife
crossings and corridors.

» Stockpile materials outside of the floodplain and
use erosion control techniques.

Woodlands

* Protect trees on sites with severe design limitations,
such as steep slopes and highly erodible soils.

* Preserve trees along watercourses to prevent bank
erosion, decreased stream temperatures, and to
protect aquatic life.

* Protect the critical root zone of trees during
construction. This is the area directly beneath a
tree’s entire canopy. For every inch of diameter
of the trunk, protect 1.5 feet of area away from
the trunk.

Critical root zone

Source: City of Falls Church, VA. Tree Preservation during
Construction.
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* Avoid trenching utilities through the tree’s critical
root zone.

* Avoid piling excavated soil around any tree.

* Replace trees removed during construction with
native trees.

e Conduct post-construction monitoring to ensure trees
impacted by construction receive appropriate care.

General construction considerations

* Conduct a pre-construction meeting with
local community officials, contractors, and
subcontractors to discuss natural resource
protection. Communicate agreed-upon goals to
everyone working on the project.

* Insert special requirements addressing sensitive
natural areas into plans, specifications, and
estimates provided to construction contractors.
Note the kinds of activities that are not allowed in
sensitive areas.

* Confine construction and staging areas to
the smallest necessary and clearly mark area
boundaries. Confine all construction activity and
storage of materials to designated areas.

 Install construction flagging or fencing around
sensitive areas to prevent encroachment.

* Excavate only what is absolutely necessary to meet
engineering requirements. Do not put excavated
material in sensitive areas. (Excavated material
could be used in other areas of the site to improve
seeding success.)

¢ Conduct onsite monitoring during construction to
ensure sensitive areas are protected as planned.
Conduct post-construction monitoring to ensure
sensitive areas that were impacted by construction
receive appropriate care.

Maintenance

The preservation of open space creates maintenance
concerns related to who is required to perform the
maintenance activities. Legally, the designated open
space may be conveyed to the municipality. More
likely, ownership of these natural areas will be assumed
by homeowners’ associations or simply the specific
individual property homeowners where these resources
are located. Specific maintenance activities will depend
upon the type of vegetation present in the preserved
natural area where woodlands require little to no main-
tenance and open lawn require higher maintenance.
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Cost

When development encroaches into sensitive areas,
dealing with their special challenges invariably adds to
development and construction costs. Sometimes these
added costs are substantial, as in the case of working
with wetlands or steep slopes.

Sometimes costs emerge only in longer-term operation,
like encroachment in floodplains. This can translate into
added risk of building damage for future owners, as
well as health and safety impacts, insurance costs, and
downstream flooding. If all short- and long-term costs
of impacting sensitive areas were quantified and tallied,

total real costs of sensitive area encroachment would
increase substantially. Conversely, protecting sensitive
areas results not only in cost savings, but also in water
quality benefits.

At the same time, reduction in potential development
areas resulting from protecting and conserving sensitive
areas can have the effect of altering — even reducing
— a proposed development program, thereby reducing
development yield and profit. To address this, this BMP
can be applied in tandem with the cluster development
BMP.

Designer/Reviewer Checklist for Protect Sensitive Areas

ITEM

YES | NO | N/A

NOTES

Define sensitive resources at proposed development site (see
Key Design Features for list of sensitive resources)

Map sensitive resources at proposed development site

Prioritize/weight sensitive areas, as necessary and appropriate

Develop potential development area map, or comparable,
defined as converse/negative of sensitive areas, with priori-
ties/weightings as necessary and appropriate.

Determine baseline development plan, compatible with munic-
ipal ordinance.

I[teratively fit baseline development plan to potential develop-
ment area, minimizing sensitive area encroachment?

Is this BMP process required by municipality? Yes or no, has
applicant followed these steps, or comparable?

LID Manual for Michigan — Chapter 6
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BMP Fact Sheet 4 N

Key Design
- Features

Reduce Impervious Surfaces —

* Evaluate traffic volumes and
Reducing impervious surfaces includes minimizing areas such as streets, street parking requirements
parking lots, and driveways. By reducing the amount of paved surfaces, « Consult with local fire depart-
stormwater runoff is decreased while infiltration and evapotranspiration ment and road agencies
opportunities are increased. e If available, consider a private

road ordinance as necessary to
minimize width

* Minimize pavement widths
and lengths by using alterna-
tive roadway layouts, restrict-
ing on-street parking, mini-
mizing cul-de-sac radii, and
using permeable pavers

Parking lots

« Evaluate parking requirements
considering average demand
as well as peak demand

» Consider smaller parking stalls
and/or compact parking spaces

* Analyze parking lot layout
to evaluate the applicability
of narrowed traffic lanes and
slanted parking stalls
e If appropriate, minimize
Residential cul-de-sac with vegetation impervious parking area by
using overflow parking areas
constructed of pervious paving

Applications Stormwater Quantity Functions materials
- . - Lot level

Residential Yes Volume High « Use maximum lot coverage
requirements to manage the

Commercial Yes :::;:::::ter High amount of impervious surfaces

— ) * Reduce front yard setbacks to

Ultra Urban Limited Peak Rate High allow for shorter driveways

Industrial Yes Stormwater Quality Functions * Use alternative materials for
patios, sidewalks, driveways,

Retrofit Limited TSS Medium as appropriate

Highway/Road Yes TP Low Benefits

NO Low ¢ Directly reduces runoff vol-
Recreational Yes 3 : umes and peak rates
Temperature Medium » Reduces development and
maintenance costs
Additional Considerations  Enhances aesthetics and habitat
Cost Low Limitations
- e Must comply with local pri-
Maintenance Low vate road ordinances
Winter Performance High e Must comply with vehicular

\ safety standards J
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Case Study: Willard Beach Implementation
Project

City of Battle Creek

The primary goal of the City of Battle Creek’s Willard Beach Park Project
consists of showcasing LID practices to community residents by installing
porous asphalt throughout the park roadway system and rain gardens. By
implementing these two LID techniques, the amount of impervious material
on site was reduced. The project complemented other LID projects undertaken
by the city, such as several bioretention basins, rain gardens, and a vegetated
roof. All of these sites were used as examples for area developers to model.

Pervious asphalt at Willard Beach Park

Source: City of Battle Creek

The project also reduced the impact of stormwater by volume and pollutant
loading from the park’s four storm sewer discharge areas. Another goal of
the project was to educate park users about the project and the importance
of protecting water quality.

Porous asphalt requires vacuuming at least twice per year. Proper weeding
of the rain gardens and bioretention basin causes the most concern. Keeping
the native plants properly watered during establishment posed a challenge.
Replanting was required in some areas. Estimated maintenance costs for the
entire project are approximately $2,500/year.

Estimated annual pollutant load reductions for the project:
* Sediment — 6.6 tons

* Nitrogen — 176 lbs

* Phosphorous — 18 lbs

* Volume — 78%

Case Study Site Considerations

Project Type Reduce imperviousness

Estimated Total
Project Cost

$450,425

Maintenance

Responsibility City of Battle Creek

Project Contact Christine Kosmowski, 269-966-0712
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Description and Function

Reducing street imperviousness performs valuable
stormwater functions in contrast to conventional devel-
opment in the following ways:

¢ Increases infiltration,
¢ Decreases runoff volumes,
¢ Increases stormwater time of concentration,

* Improves water quality by decreasing nonpoint
source pollutant loading, and

* Decreases the concentration and energy of
stormwater.

Imperviousness greatly influences stormwater runoff
volume and quality by increasing the rapid transport of
stormwater and collecting pollutants from atmospheric
deposition, automobile leaks, and additional sources.

Stream degradation has been observed at impervious
levels as low as 10-20 percent watershed-wide (Center
for Watershed Protection, 1995), when these areas are
managed conventionally. Recent findings indicate that
degradation is observed even at much lower levels of
imperviousness (Villanova University 2007 Stormwater
Management Symposium, Thomas Schueler, Director,
Chesapeake Stormwater Network). Reducing impervi-
ousness improves an area’s hydrology, habitat structure,
and water quality.

Design Considerations

Street width

Streets usually are the largest single component of
imperviousness in residential development. Universal
application of high-volume, high-speed traffic design
criteria results in excessively wide streets. Coupled with
the perceived need to provide both on-street parking and
emergency vehicle access, the end result is residential
streets that may be 36 feet or greater in width (Center
for Watershed Protection, 1998).

The American Society of Civil Engineers (ASCE)
and the American Association of State Highway and
Transportation Officials (AASHTO) recommend that
low-traffic-volume roads (less than 50 homes or 500
daily trips) be as narrow as 22 feet. Some municipalities
have reduced their lowest trafficable residential roads to
18 feet or less. Higher-volume roads are recommended
to be wider. Table 6.2 provides sample road widths from
different jurisdictions.
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Need for adequate emergency vehicle access, notably fire
trucks, also leads to wider streets. While it is perceived
that very wide streets are required for fire trucks, some
local fire codes permit roadway widths as narrow as 18
feet (Table 6.3). Concerns also exist relating to other
vehicles and maintenance activities on narrow streets.
School buses are typically nine feet wide, mirror to
mirror. Prince George’s and Montgomery Counties in
Maryland require only a 12-foot driving lane for buses
(Center for Watershed Protection, 1998). Similarly, trash
trucks require only a 10.5-foot driving lane. Trash trucks
have a standard width of nine feet (Waste Management,
1997; BFI, 1997). In some cases, road width for emer-
gency vehicles may be added through use of permeable
pavers for roadway shoulders.

Use of permeable pavers for roadway shoulders

Snow removal on narrower streets is readily accom-
plished with narrow, eight-foot snowplows. Restricting
parking to one side of the street allows accumulated
snow to be piled on the other side of the street. Safety
concerns are also cited as a justification for wider streets,
but increased vehicle-pedestrian accidents on narrower
streets are not supported by research. In fact, wider
streets have been shown to promote increased speeds
and accidents. The Federal Highway Administration
states that narrower streets reduce vehicle travel speeds,
lessening the incidence and severity of accidents.

Higher density developments require wider streets,
but alternative layouts can minimize street widths. For
example, in instances where on-street parking is desired,
impervious pavement is used for the travel lanes, with
permeable pavers placed on the road apron for the park-
ing lanes. The width of permeable pavers is often the
width of a standard parking lane (six to eight feet).
This design approach minimizes impervious area while
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Table 6.2

Narrow residential street widths

Jurisdiction Residential Street Pavement Width | Maximum Daily Traffic (trips/day)

20 ft. (no parking) 0-3,500
State of New Jersey

28 ft. (parking on one side) 0-3,500
State of Delaware 127 (lley

21 ft. (parking on one side)
Howard County, Maryland 24 ft. (parking not regulated) 1,000
Charles County, Maryland 24 ft. (parking not regulated)
Morgantown, West Virginia 22 ft. (parking on one side)

20 ft. 150

20 ft. (no parking) 350-1,000
Boulder, Colorado 22 ft. (parking on one side) 350

26 ft. (parking on both sides) 350

26 ft. (parking on one side) 500-1,000

12 ft (alley)

16-18 ft. (no parking) 200
Bucks County, Pennsylvania 20-22 ft. (no parking) 200-1,000

26 ft. (parking on one side) 200

28 ft. (parking on one side) 200-1,000

Source: Cohen, 1997; Bucks County Planning Commission, 1980; Center for Watershed Protection, 1998

Table 6.3

Fire Vehicle Street Requirements
Source Residential Street Width
U.S. Fire Administration 18-20 ft.

Baltimore County, Maryland Fire Department

16 ft. (no on-street parking)

24 ft. (on-street parking)

Virginia State Fire Marshall

18 ft. minimum

Prince George’s County, Maryland Department of
Environmental Resources

24 ft. (no parking)

30 ft. (parking on one side)

36 ft. (parking on both sides)

20 ft. (fire truck access)

Portland, Oregon Office of Transportation

18 ft. (parking on one side)

26 ft. (parking on both sides)

Source: Adapted from Center for Watershed Protection, 1998
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also providing an infiltration and recharge area for the
impervious roadway stormwater (Maryland Stormwa-
ter Design Manual, 2000).

Street length

Numerous factors influence street length, including
clustering techniques. As with street width, street length
greatly impacts the overall imperviousness of a devel-
oped site. While no one prescriptive technique exists
for reducing street length, alternative street layouts
should be investigated for options to minimize impervi-
ous cover. Successful clustering design consistently has
shown to reduce required street lengths, holding devel-
opment programs constant (i.e., 100 homes successfully
clustered on a 100-acre property results in a significant
reduction in street length and total imperviousness than
100 homes conventionally gridded in large-lot develop-
ment format).

Cul-de-sacs

The use of cul-de-sacs introduces large areas of
imperviousness into residential developments. Some
communities require the cul-de-sac radius to be as large
as 50 to 60 feet. Simply reducing the radius from 40 feet
to 30 feet can reduce the imperviousness by 50 percent
(Schueler, 1995).

When cul-de-sacs are necessary, three primary alter-
natives can reduce their imperviousness; reduce the
required radius, incorporate a landscaped island into
the center of the cul-de-sac, or create a T-shaped (or
hammerhead) turnaround (Figure 6.5).

To reduce the radius, many jurisdictions have identified
required turnaround radii (Table 6.4).

Table 6.4
Cul-de-sac turning radii

A landscaped island in the center of a cul-de-sac can
provide the necessary turning radius, minimizing imper-
vious cover. This island can be designed as a depression
to accept stormwater runoff from the surrounding pave-
ment, thus furthering infiltration. A flat apron curb will
stabilize roadway pavement and allow for runoff to flow
into the cul-de-sac’s open center.

AT-shaped turnaround reduces impervious surface even
further — yielding a paved area less than half that of a
30-foot radius turnaround. Since vehicles need to make
a three-point turn to drive out, T-shaped turnarounds are
most appropriate on streets with 10 or fewer homes.

Figure 6.5
Five cul-de-sac options

Source: Center for Watershed Protection, 1998.

Source

Portland, Oregon Office of Transportation

35 ft (with fire dept. approval)

Buck County, Pennsylvania Planning Commission

38 ft (outside turning radius)

Fairfax County, Virginia Fire and Rescue 45 ft

Baltimore County, Maryland Fire Department

35 ft (with fire dept. approval)

Montgomery County, Maryland Fire Department 45 ft

Prince George’s County, Maryland Fire Department 43 ft

Source: Adapted from Center for Watershed Protection 1998
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Parking

Parking lots often comprise the largest percentage of
impervious area. Parking lot size is dictated by lot
layout, stall geometry, and parking ratios. Modifying
any or all of these three aspects can serve to minimize
the total impervious areas associated with parking lots.

Parking ratio requirements and accommodating peak
parking demand often provide parking capacity substan-
tially in excess of average parking needs. This results in
vast quantities of unused impervious surface. A design
alternative to this scenario is to provide designated
overflow parking areas.

The primary parking area, sized to meet average demand,
might still be constructed on impervious pavement
to meet local construction codes and American with
Disabilities Act requirements. However, the overflow
parking area, designed to accommodate increased park-
ing requirements associated with peak demand, could
be constructed on pervious materials (e.g., permeable
pavers, grass pavers, gravel. See Porous Pavement BMP
in Chapter 7). This design approach, focused on average
parking demand, will still meet peak parking demand
requirements while reducing impervious pavement.

Parking ratios

Parking ratios express the specified parking require-
ments provided for a given land use. These specified
ratios are often set as minimum requirements. Many
developers seeking to ensure adequate parking provide
parking in excess of the minimum parking ratios. Addi-
tionally, commercial parking is often provided to meet
the highest hourly demand of a given site, which may
only occur a few times per year. However, average park-
ing demand is generally less than the typical required
parking ratios (Table 6.5).

Table 6.5
Example minimum parking ratios

Parking spaces and lot layout
Parking spaces are comprised of five impervious compo-
nents (Center for Watershed Protection, 1998):

1. The parking stall,

The overhang at the stall’s edge,

A narrow curb or wheel stop,

The parking aisle that provides stall access, and

a > DN

A share of the common impervious areas (e.g., fire
lanes, traffic lanes).

Of these, the parking space itself accounts for approxi-
mately 50 percent of the impervious area, with stall
sizes ranging from 160 to 190 square feet.

Several measures can be taken to limit parking space
size. First, jurisdictions can review standard parking
stall sizes to determine their appropriateness. A typi-
cal stall dimension may be 10 feet by 18 feet, much
larger than needed for many vehicles. The great major-
ity of SUVs and vehicles are less than seven feet in
width, providing opportunity for making stalls slightly
narrower and shorter. In addition, a typical parking lot
layout includes parking aisles that accommodate two-
way traffic and perpendicularly oriented stalls. The use
of one-way aisles and angled parking stalls can reduce
impervious area.

Municipalities can also stipulate that parking lots desig-
nate a percentage of stalls as compact parking spaces.
Smaller cars comprise a significant percentage of vehi-
cles and compact parking stalls create 30 percent less
impervious cover than average-sized stalls (Center for
Watershed Protection, 1998).

Land Use Parking Ratio

Average Parking Demand

Single Family Home

2 spaces per dwelling unit

1.1 spaces per dwelling unit

Shopping Center

5 spaces per 1,000 ft? of GFA

3.97 spaces per 1,000 ft? of GFA

Convenience Store

3.3 spaces per 1,000 ft? of GFA

Not available

Industrial

1 space per 1,000 ft? of GFA

1.48 spaces per 1,000 ft? of GFA

Medical/Dental Office

5.7 spaces per 1,000 ft? of GFA

4.11 spaces per 1,000 ft? of GFA

GFA - gross floor area, excluding storage and utility space

Source: Institute of Transportation Engineers, 1987; Smith, 1984; Wells, 1994
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Stormwater Functions and
Calculations

Quantifying impervious areas at a proposed devel-
opment site, pre- to post-development continues to
dominate stormwater calculations. Stormwater calcu-
lations, as discussed in Chapter 9, are sensitive to
pervious areas and their contribution to total volume
of runoff, increased peak rate of runoff, and increased
generation of nonpoint source pollutants. A reduction in
imperviousness achieved through reduced street widths
and lengths and reduced paved parking areas automati-
cally reduces the volume and peak rate of runoff. To
the extent that water quality is linked to runoff volume,
reduction in imperviousness translates into a reduction
in water quality management requirements as compared
with standard design.

Maintenance

A reduction in impervious area results in decreased
maintenance. For example, whether publicly or privately
maintained, reducing roadway or parking lot impervi-
ousness typically translates into reduction in all forms
of maintenance required, from basic roadway repair to
winter maintenance and snow removal.

Cost

Street width

Costs for paving are estimated to be approximately
$15 per square yard (Center for Watershed Protection,
1998), which would be considerably higher in current
dollars. At this cost, for each one-foot reduction in
street width, estimated savings are $1.67 per linear foot
of paved street. For example, reducing the width of a
500-foot road by five feet would result in a savings of
over $4,100, which would be considerably higher in
current dollars. This cost is exclusive of other construc-
tion costs including grading and infrastructure.

Street length

Factoring in pavement costs at $15 per square yard (as
above), a 100-foot length reduction in a 25-foot-wide
road would produce a savings in excess of $4,000 (much
higher in current dollars).
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In addition to pavement costs, costs for street lengths,
including traditional curb and gutter and stormwater
management controls, are approximately $150 per linear
foot of road (Center for Watershed Protection, 1998),
which would be considerably higher in current dollars.

Decreasing road length by 100 feet would save an addi-
tional $15,000, for a combined total of $19,100.

Parking

Estimates for parking construction range from $1,200
to $1,500 per space (Center for Watershed Protection,
1998), which would be significantly higher in current
dollars. For example, assuming a cost of $1,200 per
parking space, reducing the required parking ratio for
a modest 20,000 square foot shopping strip from five
spaces per 1,000 square feet to four spaces per 1,000
square feet would represent a savings of $24,000.
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Designer/Reviewer Checklist for Reducing Impervious Surfaces

ITEM

YES

N/A

NOTES

Check municipal ordinances for requirements/specifications
for roads, drives, parking, walkways, other (problems vs.
opportunities?), including safety requirements

Have both macro (e.g., clustering) and micro site planning
(e.g., reduced setbacks) activities been applied fully?

Have LID impervious reduction standards for roads, drives, park-
ing, and other impervious areas been consulted and applied?

Have roads and drives been reduced or narrowed as much as
possible?

Have macro parking ratios, lot layout, sharing strategies, and
micro strategies (sizes/dimensions) been applied fully?

Have pervious surfaces been applied for roads, drives, walks,
parking, patios, and other hard surfaces, with maintenance
been provided?

References
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BMP Fact Sheet

Stormwater Disconnection

Minimize stormwater volume by disconnecting roof leaders, impervious
roads, and driveways and direct runoff to other BMPs including vegetated

areas that infiltrate at the site.

Roofleader directed toward bioretention

Applications Stormwater Quantity Functions
Residential Yes Volume High
Commercial Yes :z‘:;:;‘:::ter High
Ultra Urban Limited Peak Rate High
Industrial Limited Stormwater Quality Functions
Retrofit Limited TSS High
Highway/Road Limited TP High
Recreational Yes No, Low/Med

Temperature High
Additional Considerations
Cost Low
Maintenance Low
Winter Performance Low
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Variations
* Rooftop disconnection

* Driveway/walkway/
small parking areas/patio
disconnection

¢ Minor roads

* Distribute to existing vegetated
services

* Distribute to existing
depressions, re-graded areas

e Distribute via curb cuts/curb
removal

Key Design

Features

* Encourages shallow sheet flow
through vegetated areas,

¢ Directs flows into stabilized
vegetated areas, including
on-lot swales and bioretention
areas,

» Limits the contributing rooftop
area to a maximum of 500 sq.
ft. per downspout,

¢ Maximizes overland flows, and

* Minimizes use of curb and gut-
ter systems and piped drainage
systems.

Site Factors
» Water table to bedrock depth =
two-foot minimum

* Soils=A, B
* Slope = max. 5 percent
* Potential hotspots = No

* Max. drainage area = rooftop
area of 1,000 sq. ft.

Benefits
¢ Reduces runoff volume and
peak rate

* Increases water quality benefits

Limitations
¢ Requires area for infiltration

N
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Case Study: Saugatuck Center for the Arts

Saugatuck, Ml

The Saugatuck Center for the Arts (SCA), in conjunction with the City of
Saugatuck, Michigan Department of Environmental Quality, and private
donors constructed a public garden that treats rain water that falls on the
SCA roof. The original design was modified to accommodate rain water
that would otherwise have entered Kalamazoo Lake untreated. The result-
ing design for the garden absorbs and infiltrates 100 percent of the rain
water from the SCA roof, resulting in zero discharge to the nearby lake.

In addition to the garden at the Saugatuck Center for the Arts, the revised
design incorporated a series of alternative stormwater Best Management
Practices on City of Saugatuck property. These include porous pavers in the
adjacent city parking lot and a rain garden/vegetated swale series at Coghlin
Park to treat rain water from the city parking lot.

The design incorporated native plants to address management in an urban
setting while visually integrating with the contemporary social fabric of
Saugatuck. The design also incorporated an innovative oil-and-grit sepa-
rator to remove over 80 percent of sediment and nutrients draining from
approximately nine acres of urban land surrounding the SCA and city park-
ing lot. Through this series, or “treatment techniques,” the SCA and City
of Saugatuck are able to demonstrate a variety of innovative and unique
alternatives for treating and reducing stormwater.

Center for the Arts stormwater disconnection

Case Study Site Considerations

Project Type Stormwater disconnection, porous pavement, rain garden.
Estimated Total

Project Cost $200,000

Maintenance .

Responsibility City of Saugatuck

Project Contact Gordon Gallagher, 269-857-2603
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Description and Function

Roofs, roads, and driveways account for a large percent-
age of post-development imperviousness. These surfaces
influence stormwater quality and runoff volume by facil-
itating the rapid transport of stormwater and collecting
pollutants fromrainfall, automobile leaks, and additional
sources.

Disconnecting roof leaders and routing road and drive-
way runoff from conventional stormwater conveyance
systems allows runoff to be collected and managed
onsite. Runoff can be directed to designed vegetated
areas (discussed in Chapter 7) for onsite storage, treat-
ment, and volume control. This is a distributed, low-cost
method for reducing runoff volume and improving
stormwater quality through:

* Increasing infiltration and evapotranspiration,
* Decreasing stormwater runoff volume, and

* Increasing stormwater time of concentration.

Curb cut-outs allow stormwater runoff from a parking lot
to flow into a bioretention swale

Source — Pierce County, WA and RHBL

The suitability of vegetated swales to receive runoff
depends on land use, soil type, imperviousness of the
contributing watershed, and dimensions and slope of
the vegetated swale system. Use of natural low-lying
areas is encouraged; natural drainage courses should be
used and preserved.

Some ponding of water in areas receiving runoff may
occur. It is important to take into account site usage
when applying this BMP so that ponding does not
unnecessarily interfere with expected site use (includ-
ing backyard play areas). These areas should be shown
on plan documents and protected with easements and
deed restrictions.
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Although this BMP can be applied in a variety of devel-
opment settings, it will likely be more successful as
lot size increases and density decreases. In situations
where clustering has not been fully exercised and lots
remain relatively large, these lots and the large areas
of perviousness make perfect candidates for stormwater
disconnection.

Variations

Disconnecting stormwater can be achieved through
identifying the source of runoff and how it will be
managed once disconnection occurs.

Source

Stormwater can flow from rooftop areas or from imper-
vious areas such as driveways, walkways, small parking
areas, minor roadways, and ancillary outdoor areas such
as patios. (Note: Roads and highways, because of their
greater runoff generation require Structural BMPs.)

Difference between maximizing and minimizing runoff
Source — Center for Watershed Protection

Management practices

A common and successful management practice is to
direct stormwater runoff to areas of existing vegetation.
Vegetation can be of varying types, from established
meadow to immature to mature woodland. A particu-
lar variation to consider is grading (crowning) of drives
and minor roadways and eliminating curbing (or provi-
sion of curb cuts) so that runoff is allowed to flow in an
even and unconcentrated manner onto adjacent vege-
tated areas.
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In addition to directing runoff to vegetated areas, runoff
may also be discharged to nonvegetated BMPs, such
as dry wells, rain barrels, and cisterns for stormwater
retention and volume reduction.

Another management practice includes routing runoff
to existing grades and depressions that can be used to
capture, store, and treat runoff. An important caveat
is that applyingthis BMP should not prompt grading
and disturbing areas which otherwise would not have
been disturbed. However, assuming that grading and
disturbance cannot be avoided, then subtle adjustments
to grading may create additional management/storage
opportunities for disconnected runoff.

An ideal coupling of BMPs is to minimize the total
disturbed area of a site in coordination with stormwater
disconnection. This not only reduces runoff volumes,
peak rates, and pollutant loadings, but also provides
multiple decentralized opportunities to receive discon-
nected flows.

Applications

Disconnection is ideal for most single-family develop-
ments, but can also be applied to many development
sites, including larger office parks and retails centers.
Industrial developments, with their larger impervious
covers and greater runoff volumes, make stormwater
disconnection a challenge. Even so, there are isolated
applications which are beneficial and promote LID
objectives. Similarly, Ultra Urban and Highway/Road
developments with large flows would be more limited
in application.

If downspout disconnection is applied as a retrofit,
downspouts should be extended away from the base-
ment as many footing drains are attached to the sanitary
sewer system.

Design Considerations

Careful consideration should be given to the design of
vegetated collection areas. Concerns pertaining to base-
ment seepage and water-soaked yards are warranted,
with the potential arising for saturated depressed areas
and eroded water channels. Proper design and use of
bioretention areas, infiltration trenches, and/or dry
wells reduces or eliminates the potential for surface
ponding and facilitates functioning during cold weather
months. Where basements exist, considerthe direction
of groundwater flow and proximity.
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Curb cuts as a method of stormwater disconnection

Source: Center for Watershed Protection, modified by Cahill
Associates, 2008

Stormwater disconnection in Washington Township, Ml
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Disconnection of small runoff flows can be accomplished
in a variety of ways (Prince George’s County Department
of Environmental Protection, 1997; Maryland Depart-
ment of the Environment, 1997; Cahill, 2008).

1. Encourage shallow sheet flow through vegetated
areas.

2. Direct roof leader flow into BMPs designed
specifically to receive and convey rooftop runoff.

3. Direct flows into stabilized vegetated areas,
including on-lot swales and bioretention areas.

4. Rooftop runoff may also be directed to onsite
depression storage areas.

5. The entire vegetated “disconnection” area should
have a maximum slope of five percent.

6. Runoff should not be directed to vegetated areas
if there is reason to believe that pollutant loadings
will be elevated.

7. Roof downspouts or curb cuts should be at least 10
feet away from the nearest connected impervious
surface to discourage “re-connections.”

a. Limit the contributing impervious area to a
maximum of 1,000 sg. ft. per discharge point.

b. Limit the contributing rooftop area to a
maximum of 1,000 sq. ft. per downspout, where
pervious area receiving runoff must be at least
twice this size.

c. For contributing areas greater than 1,000 sg. ft.,
leveling devices are recommended.

8. The maximum contributing impervious flow path
length should be 75 feet.

9. For impervious areas, the length of the
disconnection area must be at least the length of the
contributing area (a minimum 75 feet for discharges
which are concentrated; 25 feet for discharges
which are not concentrated).

10. In all cases, flows from roof leaders should not
contribute to basement seepage.

Stormwater runoff from disconnection needs to be
monitored to ensure that flows do not become channel-
ized that can result in erosion. Attention must be given
to safe overflowing of larger storms, though clearly the
more frequent smaller storms are of greatest interest
and concern for successful design (use two-year storm
for erosion analysis). Make sure flow of water and
temporary ponding of water in management areas will
not become a problem.
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See Criteria and Credits below for additional design
detailing.

Stormwater Functions and
Calculations

Peak rate and volume

This BMP reduces total volume and peak rates of runoff,
as runoff is minimized from centralized stormwater
management systems at the development site. Discon-
nection directly reduces volume and peak rates, which
reduces the need for structural BMPs.

Water quality improvement

In terms of rooftop disconnection, this BMP has limited
water quality benefit because rooftops typically have
minimal pollution. In terms of other impervious area
runoff sources being disconnected (driveways, walk-
ways, ancillary areas, minor roads), water quality
benefits can be significant given their greater pollutant
loadings.

Maintenance

When disconnecting stormwater from rooftops or other
impervious surfaces, maintaining the vegetated areas is
required, but is limited.

If using structural BMPs, such as bioretention or
vegetated swales, follow their specific maintenance
activities. Typical maintenance of vegetation includes a
biannual health evaluation of the vegetation and subse-
quent removal of any dead or diseased vegetation plus
mulch replenishment, if included in the design. This
can be incorporated into regular maintenance of the
site landscaping. In some cases, if leaders are directing
stormwater to lawn depressions, maintenance may be as
simple as mowing.

Cost

Stormwater disconnection reduces both construction
and maintenance costs due to less reliance on traditional
stormwater management infrastructure. In addition,
using existing or planned bioretention areas within a
site creates a double usage of these BMPs.
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Designer/Reviewer Checklist for Disconnection

ITEM YES | NO | N/A NOTES

Are site factors conducive to disconnection (infiltration-
related factors? slope? other?)

Is proposed development type (e.g., residential, commer-
cial) conducive to disconnection? Free of hot spots?

Are there any municipal ordinance provisions, obstacles,
and opportunities for disconnection?

Have potential disconnection runoff sources been
adequately reviewed/utilized in terms of proposed plan?

Have potential disconnection management measures
been used/exploited for all potential sources?

Have Criteria and Credits specifications for both rooftop
and non-rooftop sources of disconnection been satisfied?

Have disconnection calculation credits been properly
entered, as specified in Criteria and Credits?

References
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Chapter 7

Structural Best Management Practices

This chapter focuses on structural Best Management
Practices (BMPs), Step 8 of the site design process for
LID described in Chapter 5. The work of Step 8 is to
figure out the most cost effective and environmentally
sound array of structural BMPs needed to accomplish
LID goals, once nonstructural BMPs have been applied.

This chapter provides guidance on selecting the proper
BMPs for a site. Specifically, this chapter:

* Discusses the BMP selection process, including
a matrix that compares the key applications and
functions of each BMP,

¢ Discusses cold climate considerations,
¢ Provides overviews of the BMP in fact sheets, and

¢ Discusses detailed information for each BMP such
as design considerations, construction guidelines,
stormwater calculations, and maintenance and cost
information.

This chapter also contains structural BMPs that may not
traditionally be viewed as low impact development, such
as water quality devices or retention basins. However,
having all available BMPs listed in this manual may be
helpful to municipalities or other regulatory agencies
that may use the LID manual as their design guidance
that accompanies a stormwater regulation.

BMP Selection Process

LID involves planning efforts that first prevent as much
stormwater runoff as possible on a site (Chapter 6) and
then mitigate stormwater runoff as efficiently as possi-
ble (Chapter 7). Selecting BMPs which accomplish as
many stormwater functions as possible is important. At
the same time, meeting a certain function or level of
pollution control (Chapter 9) can require multiple BMPs
integrated at the site, thus creating a “treatment train.”
Such treatment trains direct stormwater to or through
multiple BMPs in order to achieve quantity and/or
quality stormwater management objectives. In addi-
tion, implementing BMPs as part of a treatment train
can also provide a level of backup and needed redun-
dancy, which provides additional assurance if one BMP
does not work as designed (e.g., maintenance problems,
large storm event).
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Some BMPs are more readily linked to other BMPs,
better lending themselves to treatment train config-
urations. For example, water quality devices and
constructed filters are often used in treatment trains to
pre-treat runoff before entering different types of infil-
tration-driven BMPs. In addition, vegetated swales and
vegetated filter strips link well with infiltration systems,
rain gardens, wet ponds, and constructed wetlands in
treatment trains.

How many of what BMPs should go where? Not all
structural BMPs are appropriate for each land develop-
ment at each site across Michigan’s many communities.
The selection process of the large array of structural
BMPs can be complex, as multiple factors are juggled.
The successful design process requires balancing tech-
nical and nontechnical factors summarized in Figure
7.1. In order to assist communities in quickly comparing
the BMPs, Table 7.1 provides summary information on
potential applications, stormwater quality and quantity
functions, cost, maintenance, and winter performance
for each BMP.

Lawrence Technological University green roof, Southfield, Ml
Source: Lawrence Technological University
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Table 7.1 Potential Applications
BMP Summary Matrix
Residential | Commercial | Ultra Urban | Industrial | Retro | Road Rec
Bioretention YES YES LIMITED LIMITED | YES YES YES
Vegetated Filter Strip YES YES LIMITED? LIMITED | YES YES YES
Vegetated Swale YES YES LIMITED? YES LIM YES YES
g Pervious Pavement YES?® YES YES YES?® YES® | LIM?® YES
©
e
= Infiltration Basin YES YES LIMITED? YES LIM LIM NO
=
€ | Subsurface Infiltration Bed YES YES YES YES YES LIM NO
=]
o
u>: Infiltration Trench YES YES YES YES YES YES NO
o
=
& Dry Well YES YES YES LIMITED | YES NO NO
Level Spreaders YES YES NO YES YES YES YES
Berming YES YES LIMITED? YES YES YES NO
Planter Box YES YES YES LIMITED YES NO LIM
25
g€ < | Vegetated Roof LIMITED YES YES YES YES [ N/A | YES
-
=
S g Capture Reuse YES YES YES YES YES NO YES
x =z
s Constructed Wetland YES YES YES YES YES YES YES
£ \é\getgﬁfiggséasms YES YES YES YES YES | YES | YES
=
‘C | Constructed Filters LIMITED YES YES YES YES | YES YES
o
pd . .
= | Water Quality Devices YES YES YES YES YES YES YES
§ Underground Detention YES YES YES YES YES | YES YES
(@4
S Extended Detention/
c xtended Detention
E Dry Pond YES YES YES YES YES YES YES
Riparian Buffer
.5 Restoration YES YES YES YES YES LIM YES
©
§ Native Revegetation YES YES LIMITED YES YES LIM YES
(%]
(5]
o Soil Restoration YES YES YES YES LIM YES YES
Notes
! Reported as TN except as noted as (NO,)
2 Difficult to apply due to space limitations typically associated with these land uses.
¢ Applicable with special design considerations
4 This assumes TSS loads and their debris have been managed properly before entering the BMP to prevent clogging.
® Requires infiltration planter box.
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Stormwater Quantity Functions Stormwater Quality Functions .

. Winter

Volume GW | peak Rate | TsS TP | NITROGEN! | Tem Cost Maint. | perform.

Recharge P
MED/ MED/ | viepium | HicH | mepbium| mebium | Hice | MeEDIuM | MEDIUM | MEDIUM
HIGH HIGH
MED/ | MED/ | MED/HIGH | MED/
LOW LOW LOW MO | MED Oy e LOW | LOWMED | HIGH
MED/ | LOW/
LOW/MED | LOW/MED [Low/mMED | MEDP | EOW | MEDIUM | MEDIUM | LOW/MED | LOW/MED | MEDIUM
MED/ . | MED/
HIGH HIGH e HIGH e LOW HIGH | MEDIUM HIGH MEDIUM
HIGH HIGH HIGH HIGH m%'?_" MED (NO,) | HIGH | LOW/MED | LOW/MED | MED/HIGH
. | MED/

HIGH HIGH HIGH HIGH e LOW HIGH HIGH MEDIUM |  HIGH
MEDIUM | HIGH |Low/MED| HIGH* m‘gﬂ LOWMED | HIGH | MEDIUM | LOWMED | HiGH
MEDIUM | HIGH | MEDIUM | HIGH® m%'ﬁ/ LOWMED | HIGH | MEDIUM | LOWMED | HIGH

LOW LOW LOW LOW Low | LownNo) | Low LOW LOW HIGH
LOW/MED | LOW/MED | MEDIUM m%ﬁ:’ MEDIUM | MEDIUM | MEDIUM | LOW/MED | LOW/MED | MED/HIGH
LowMeD| MeDs | MEDIUM | MEDIUM IR%/EI)/ LOWMED | HicH | mMEDIUM | MEDIUM | MEDIUM

m‘gﬂ Lows | MEDIUM | MEDIUM | MEDIUM| MEDIUM | HIGH HIGH MEDIUM | MEDIUM

Rain Barrel-

HIGH LOW LOW? MED‘ |MEDIUM | MED(NO) |MEDIUM| LOWCis- | MEDIUM | MEDIUM

tern- MED

LOW LOW HIGH HIGH |MEDIUM| MEDIUM LI\;’Q’E’)/ HIGH | LOW/MED | MED/HIGH

LOW LOW HIGH HIGH |MEDIUM| MEDIUM IRSI)I;,IVD/ HIGH | LOW/MED | MED/HIGH

LOW® LOW® Lows | HiGH |mEDIUM?| MEDIUM? | LOW | MED/HIGH |  HIGH MEDIUM

N/A N/A N/A | VARIES | VARIES |VARIES(NO)| NONE | VARIES | VARIES HIGH

LOW LOW HIGH N/A N/A N/A N/A HIGH | MED/HIGH | MED/HIGH

Sediment -
LOW.
LOW LOwW HIGH |MEDIUM |MEDIUM|  LOw LOW HIGH | \eeacation - | MED/HIGH
HIGH
MED/ | MED/ | MED/HIGH | MED/
LOW/MED | LOW/MED [LOW/MED | M | MED! N0y Ve | LowmED | Low HIGH
Lom/GMHED/ LO\AVI’GMHED/ LowMED| HIGH | HiGH | MEDMIGH |MEDIUM| LowMED | Low MEDIUM
MED LOW | MEDIUM | HIGH | HIGH | MED/NO,) |MEDIUM| MEDIUM LOW HIGH

Notes:

¢ Although vegetated roofs can be used very successfully in combination with infiltration systems.
" Sand filters only (For filters with infiltration, see Subsurface Infiltration Bed section, or other infiltration BMP sections. For manufactured systems, see

manufacturer’s information, as well as results from independent verification.)
8 Increases with infiltration
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Figure 7.1
Structural BMP Selection Factors
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by land use
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Site design plan developers should look for perfor-
mance data that cites total volume into the BMP and out
of the BMP, with pollutant concentration or load infor-
mation for each. One of the most useful databases for
deriving performance information for structural storm-
water facilities is the International Stormwater BMP
Database, which includes information on more than 300
BMP studies, performance analysis results, tools for use
in BMP performance studies, monitoring guidance, and
other study-related publications (www.bmpdatabase.
org). Information in the database aids in estimating
the total pollutant load removed by a BMP; i.e., input
load minus output load. The total load can be calculated
using the volume of water entering into or discharged
from the BMP over a given period multiplied by the
mean or average concentration of the pollutant. Another
tool that summarizes BMP performance information is
EPA’s Urban BMP Performance Tool (nepis.epa.gov/
Exe/ZyPDF.cgi/P100170R.PDF?Dockey=P100170R.
PDF).

The factors in Figure 7.1 help guide comprehensive
stormwater planning and LID site design. Selecting
BMPs requires balancing numerous factors, including
the following:

Runoff quantity and runoff quality needs
BMP selection is often based on the pollutant loadings
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and amount of stormwater runoff. For example, in areas
with high phosphorus runoff, infiltration BMPs are
excellent choices for removing phosphorus as long as
other selection criteria (e.g., site factors) allow for these
techniques. BMP fact sheets provide guidance relat-
ing to BMP performance in terms of runoff volume,
groundwater recharge, peak rate, and water quality
(total suspended solids, total phosphorous, nitrogen,
and temperature).

Close to source

Manage stormwater runoff as close to the source, or
origin, as possible. Implementing this factor will vary
by site and by the proposed development. For example,
vegetated swales may work well in new development,
but would unlikely be used as part of a retrofit.

Maximize dual use

Consider integrating stormwater management into
already disturbed areas (e.g., stormwater recharge beds
beneath parking areas, play fields on infiltration basins).
This can minimize total disturbed area and, in some
cases, provide recreational opportunities for residents
or employees. For example, Blue Cross Blue Shield of
Michigan located in Detroit, built a green roof on their
parking structure that incorporated a running track for
their employees.
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Site factors

Each site should be inventoried for certain characteris-
tics (e.g., soil type, depth to water table, slopes) which
should be incorporated into the BMP selection process.
For example, some sites in Michigan might be character-
ized by a high water table, surface bedrock, or extremely
slow-draining soils, which would make using infiltra-
tion BMPs challenging. BMP fact sheets highlight these
site factors which are discussed in more detail in each
BMP Design Considerations section. In addition, each
BMP has a Designer/Reviewer’s Checklist that allows
for quick review of the consideration of each key site
factor in the design process.

Costs

BMP costs include both construction and long-term
maintenance activities. Costs are often related to the
size and nature of the development. The BMP fact
sheets, as well as the more detailed discussions, provide
approximate cost information, although construction
and maintenance costs tend to be site and development-
specific.

Construction considerations

Many BMPs have construction guidelines to provide
additional guidance. For example, locating and properly
using excavation equipment is critical during construc-
tion of infiltration BMPs to avoid soil compaction. In
addition, recommended construction materials specific
to individual BMPs are listed in Appendix D.

Maintenance issues

Ease of maintenance and needed repairs are critical
issues to consider in selecting a BMP. Some BMPs
require greater maintenance to function properly.
However, they may also achieve greater stormwater
guantity and quality goals specific to the objectives of
the site. Vegetated BMPs require various types of land-
scape care. Structural BMPs such as pervious pavement
require periodic vacuuming, while infiltration basins,
trenches, and dry wells are likely to require little main-
tenance. Some BMPs, especially those with plantings,
may naturally improve in performance over time as
vegetation grows and matures. In any case, general
maintenance requirements are discussed for each BMP.
Appendix F includes example Inspection Checklists
for maintenance activities that should be considered.
In addition, Appendix G includes Model Maintenance
Agreements between property owners and communities
for maintenance of BMPs.
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Dual use at Blue Cross Blue Shield of Michigan parking
structure.

Source: Turner Construction

Aesthetic/Habitat related issues

Landscape enhancement is becoming an ever-greater
goal in most communities and developments. In some
cases, developers are willing to pay for BMPs which
serve to make their developments more attractive and
improve value and marketability. For example, rain
gardens make yard areas more attractive. Wet ponds
and constructed wetlands, naturally planted swales and
filter strips, vegetated roofs, and many other BMPs can
be integrated into landscape design and create value in
addition to solving stormwater problems. In addition,
many of these BMPs add habitat values and provide
other environmental benefits. BMP fact sheets and the
detailed BMP discussions provide additional informa-
tion on aesthetics.

Applicability by land use

Some land uses lend themselves to certain BMPs. Low
density residential development lacks large congregate
parking areas conducive to pervious pavement with
infiltration. Conversely, rain barrels are especially good
for residential use, but vegetated roofs are unlikely to be
used on single-family homes. Successful LID programs
strive to match the BMP with the land use and user type,
as listed on BMP fact sheets (applications) and detailed
in each BMP discussion.

Cold Climate Considerations

Another important design consideration is how the
BMP will function in our cold climate. The detailed
design considerations in each BMP is written to address
typical cold climate issues. In addition, cold climate is
discussed throughout each BMP’s various recommen-
dations including a specific section dedicated to winter
considerations.
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In general, the techniques described in this manual can
be used very effectively in cold climate settings such
as Michigan (when the appropriate recommendations
are followed). In addition, LID encourages stormwater
management systems and treatment trains that can offer
increased resiliency for cold climate issues.

Critical aspects of winter conditions are extremely cold
temperatures, sustained cold periods, and polluted snow-
melt, as well as a short growing season (Table 7.2).
Extreme cold can cause rapid freezing and burst pipes.
Sustained cold can result in development of thick ice or
frozen soil layers in some BMPs. On the other hand,
the deeper and more persistent the snow layer, the
less severe the soil freezing. Water quality problems
associated with snow melt occur because of the large
volume of water released during rain and snow events.
This runoff carries material that has accumulated in the
snowpack all winter, as well as material it picks up as it
flows over the land’s surface.

Chloride is the cause of many problems associated with
snowmelt runoff. Chloride is a very soluble chemical
that migrates easily through treatment systems and
soil. Avoiding over-application of chloride, and routing
runoff properly are effective ways to reduce damage to
LID BMPs.

General considerations

Avoid pipe freezing by laying pipes and installing
underground systems below the typical frost line. Pipe
freezing for standpipes is not likely to be an issue, but
conveyance pipes laid nearly horizontal should be
below the freezing line. In Michigan, most communi-
ties plant at least a foot or two of groundcover over
stormwater pipes to minimize the risk of pipe freezing.
Over-excavation and filling with sand and gravel around
stormwater pipes will also help with frost penetration
and frost heave.

Figure 7.2
Chloride damaged white pines

Source: Michigan State University Extension

Table 7.2
Cold Climate Design Challenges
Climactic Condition BMP Design Challenge
¢ Pipe freezing
e Permanent pool ice cover
Cold Temperatures e Reduced biological activity
e Reduced oxygen levels during ice cover
e Reduced settling velocities
e Frost heaving
Deep Frost Line ¢ Reduced soil infiltration

e Pipe freezing

Short Growing Season

e Short time period to establish vegetation
e Different plant species appropriate to cold climates than moderate climates

Significant Snowfall

¢ High runoff volumes during snowmelt and rain-on-snow
e High pollutant loads during spring melt

e (ther impacts of road salt/deicers

e Snow management may affect BMP storage
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Research in the Saginaw River valley has shown (for
the winter of 1996-1997) that soils in cultivated areas
with little to no snow cover froze to depths of up to
eight inches, while in areas with forest cover, leaf litter,
and thin but persistent snow cover, frost depths only
reached about an inch (Schaetzl and Tomczak, 2002).
One conclusion that can be drawn from this is that plant
material should be left in applicable stormwater BMPs
to provide insulation through the winter. The ability of
persistent snow cover to act as insulation also suggests
that some BMPs such as bioretention areas, infiltration
basins, and vegetated swales can be used for snow stor-
age (as long as it does not cause physical damage to the
vegetation or other BMP components). However, large
amounts of sand or salt should be kept out of vegetated
and infiltration BMPs. Sand and salt can smother and/
or kill plants and reduce infiltration/storage capacity.
Sand should also never be used on or adjacent to porous
pavement systems (see detailed BMP section).

In addition, some BMPs, such as bioretention areas
should be installed with a mulch layer that is two to
three inches thick. For maximum insulation effective-
ness, the mulch should be spread evenly and consistently
throughout the BMP (for details on mulch see the indi-
vidual BMP sections).

All biological activity is mediated by temperature.
Cold winter temperatures significantly decrease nutri-
ent uptake and pollutant conversion processes by plants
and microbes; however, soil microbes still live and
consume nutrients even in the dead of winter. Accumu-
lation of chloride is generally not a problem in shallow
biological systems, as long as very highly concentrated
levels are not directly routed to them.

Infiltration considerations

As water cools its viscosity increases, reducing particle-
settling velocities and infiltration rates into the soil. The
problem with infiltration in cold weather is the ice that
forms both over the tops of infiltration practices and in
the soil pore spaces. To avoid these problems to the extent
possible, the BMP must be actively managed to keep it
dry before it freezes in the fall. This can be done by vari-
ous methods including limiting inflow, under-drainage,
and surface disking. Routing the first highly soluble
portions of snowmelt to an infiltration BMP provides the
opportunity for soil infiltration and treatment.
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Winter Pollution Prevention Tips
* Choose proper de-icing materials

 Consider pre-wetting brine treatments to salt for
better application

* Load salt trucks on covered, impervious pads
* Calibrate salting vehicles often
* Properly manage salt storage piles

* Identify and avoid salt-sensitive areas prior to

plowing or salting
N J

4 )

Snow Storage Tip

Commercial and industrial areas that plow their park-
ing and paved areas into big piles on top of pavement
could greatly improve runoff management if instead
they dedicated a pervious area within their property for
the snow. Even pushing the plowed snow up and over
a curb onto a pervious grassed area will provide more
treatment than allowing it to melt on a paved surface
and run into a storm sewer.

-l )

Vegetation in winter at George George Park,
Clinton Township, Ml
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Table 7.3

Additional BMP considerations for cold climate use

BMP Family BMP Considerations
Natural area conservation | Preserving pervious areas for meltwater to infiltrate is effective to control volume
Soil amendments Enhancing soil permeability will increase infiltration of meltwater
Reducing impervious Preserving pervious areas for meltwater to infiltrate is effective to control volume
surface and minimize pollutants
. Routing meltwater over a pervious surface will yield some reduction in flow and
Grass drainage channel . .
improved water quality
Runoff Volume Rain barrel/cistern Capturing meltwater from a building will reduce volume but ice build-up could be a
Minimization problem unless collection occurs below frost line
Recent research has shown this approach to be successful in cold climates when
Permeable pavement ; o L "
properly installed and maintained, and when sanding is kept to a minimum
Dry well Effective as long as system is installed below the frost line to avoid ice build-up
These are designed more for the growing season, but they do provide a sump area
Planter box S
for runoff to collect and will infiltrate some volume
Recent research shows that slow melting in the spring reduces the volume running
Vegetated roof
off of roof surfaces
Bioretention Rain gardens By definition, these arg glrowmg-sealson practices, but they do provide a sump area
for storage and some infiltration during a melt
Constructed filter Surface systems need to be fully dry .before freeze-up for these to work properly;
subgrade systems can be very effective for meltwater treatment
Filtration
Veaetated filter Vegetative filtering is reduced once vegetation dies back in fall; some physical
g filtering will occur if vegetation density and depth are sufficient
Effective when designed, installed, and maintained properly; caution applies to limi-
Trench . o . ; )
I tations on source area to avoid high concentrations of chloride and toxics
Infiltration
Basin See above comment
Forebay Effective if designed with enough available volume to accommodate spring meltwater
Detention Storage components Adaptations must be made to allow meltwater runoff to achieve appropriate amount
Facilities g P of treatment; treatment effectiveness usually lower in warm weather
Outlet Proper design of the outlet structure can be the key to ponding effectiveness
Forebay See comment for forebay above
Constructed . . _ . o
Wetlands Storage components \(olum_e W|_II be less than typlcal _pond,_b_ut .prgwde_ Iocatpn_for storage_, some infiltra-
tion, filtration, and some microbial activity; biological activity at a minimum
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Detention considerations

For BMPs with a permanent pool, winter conditions can
create ice layers and reduce biological activity, oxygen
levels, and settling velocities. Ice layers can reduce the
permanent pool volume, act as an impervious surface
during rainfall, and potentially force incoming water
under ice layers and scour bottom sediments. Ice layers
can also reduce the oxygen exchange between the air-
water interface. If low oxygen levels extend to the
sediment-water interface, they can cause some adsorbed
pollutants, such as phosphorus and some metals to be
released back into the water column. Reduced settling
velocities will potentially result in lower pollutant
removal rates.

Minimizing the effect of ice cover can help address
these issues and can be accomplished by maintaining
design storage volumes. Installing a control mechanism,
such as a valve, weir, or stop-log, can reduce or elimi-
nate outflow for the normal water quality volume. This
volume is then made available for meltwater, which can
be held and slowly released.

It is important to recognize the potential for detention
facilities to incur a build up of pollutants (mostly chlo-
ride applied to impervious surfaces) throughout the
winter. A balance needs to be considered in deciding
whether to adjust the detention level to pass pollut-
ant-laden runoff downstream or retain as much as
possible for later release when flows are higher. Retain-
ing polluted water all winter long only to discharge it all
at once in the spring is not in the best interest of receiv-
ing waters, but this is what can happen in a detention
BMP not managed for seasonal conditions. In no case
should detention BMPs be drained in the spring after
a winter-long accumulation of under-ice contaminants.
If lowering is done, it should occur in late fall prior to
freeze-up.

Chloride-laden runoff can be denser than water already
in a basin, so it often pools at the bottom of the basin.
Without some level of mixing in the basin, the pool
can increase in chloride concentration over time. This
is especially important to consider during dewatering,
or if the pond will be used for irrigation and a pump is
placed in the bottom of the pond. Altering pump place-
ment or testing the bottom water before pumping are
two methods to avoid discharge or use of salty water.
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BMP Fact Sheet and Detailed
Structural BMP Information

The remainder of the chapter focuses on individual
structural BMPs. As with the nonstructural chapter,
each BMP starts with a summary fact sheet. This fact
sheet provides a quick overview of the BMP, along
with a local case study. The fact sheets can be removed
from the manual and serve as stand-alone documents
for quick reference.

Following each fact sheet is detailed information on the
BMP which includes:

Variations

Discusses the variations to the BMP, if they are appli-
cable. Examples include alternatives in design that can
increase storage capacity or infiltration rates.

Applications

Indicates in what type of land use the BMP is applicable
or feasible.

Design Considerations

This section includes a list of technical procedures to
be considered when designing for the individual BMP.
This specific design criteria is presented, which can
assist planners in incorporating LID techniques into a
site design, as well as provide a basis for reviewers to
evaluate submitted LID techniques.

Stormwater Calculations

Provides specific guidance on achieving sizing criteria,
volume reduction, and peak rate mitigation, as appli-
cable. This section also references Chapter 9 which
discusses in detail how to achieve a specific standard or
implement measures that contribute to managing water
onsite in a more qualitative manner.

Construction Guidelines

Provides a typical construction sequence for implement-
ing the BMP. However, it does not specifically address
soil erosion and sedimentation control procedures.
Erosion and sediment control methods need to adhere
to the latest requirements of MDEQ’s Soil Erosion and
Sedimentation Control Program and local standards.
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Maintenance

Provides guidance on recommended maintenance
procedures for the BMP.

Winter Considerations

Discusses how well the BMP performs in Michigan’s
cold climate.

Cost

Provides general cost information for comparison
purposes. If specific dates of costs are not referenced in
this section, the costs reflect 2007 conditions.

References

Designer/Reviewer’s Checklist

Developed to assist a designer and or reviewer in evalu-
ating the critical components of a BMP that is being
designed. It references not only individual design
considerations, but also suggests review of additional
pertinent sections of the LID manual that may need to
be considered for implementation of that BMP.

References

Provides a list of sources of information utilized in the
creation of this section of the manual. This list also
provides additional sources that can be used for addi-
tional information.

Schaetzl, R.J. and Tomczak, D.M. “Wintertime Temperatures in the Fine-Textured Soils of the Sagniaw Valley,
Michigan,” The Great Lakes Geographer, v.8 (2), pp.87-99, 2001.

Minnesota Stormwater Manual, 2006. Minnesota Pollution Control Agency, St. Paul, MN.

SEMCOG, 2007. Salt Storage and Application Techniques, Streets and Parking Lots Fact Sheet.
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BMP Fact Sheet (Variations A

- - - * Subsurface storage/ infiltration
Bioretention (Rain Gardens) bed

¢ Use of underdrain
Bioretention areas (often called rain gardens) are shallow surface depres-
sions planted with specially selected native vegetation to capture and treat
stormwater runoff from rooftops, streets, and parking lots. Key Design

Features
¢ Flexible in size and infiltration

» Use of impervious liner

* Ponding depths 6-18 inches
for drawdown within 48 hours

* Native plants
¢ Amend soil as needed

» Provide positive overflow for
extreme storm events

Site Factors

 Water table/bedrock separation:
two-foot minimum, four foot
recommended

Soils: HSG A and B preferred;
C & D may require an under-
drain (see Infiltration BMP)

 Feasibility on steeper slopes:
Medium

* Potential hotspots: Yes
with pretreatment and/or
impervious liner

Formal Rain Garden, Traverse City, Ml

e Max. drainage area: 5:1, not
Applications stomwater Qllantity Fllnctions more than 1 acre to one area
Residential Yes Volume Med/High Benefits
. Groundwater . * Volume control and
Commercial Yes Recharge Med/High groundwater recharge,
moderate peak rate control,
Ultra Urban Limited Peak Rate Medium filtration
Industrial Yes Stormwater Quality Functions * Versatile with broad
applicabilit
Retrofit Yes TSS High PP y
X ) » Enhance site aesthetics, habitat
Highway/Road Yes TP Medium
™ Ved » Potential air quality and
edium 7 F
Recreational Yes ; , o B e
emperature 9 Limitations

* Higher maintenance until
vegetation is established

Additional Considerations

- * Limited impervious drainage
Cost Medium area

Maintenance Medium * Requires careful selection and

Winter Performance Medium \ establishment of plants J
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Case Study: Grayling Stormwater Project

The Grayling Stormwater Project is an example of a hybrid project that
combines LID with end-of-pipe treatment. This project demonstrates that
a small community is capable of making the fundamental shift in manage-
ment towards LID and providing leadership for other communities to make
similar changes.

The measures taken will eliminate approximately 80 percent of the water
pollution from the city.

Typical Grayling Rain Garden, July 2007
Source: Huron Pines

This large-scale project includes 86 rain gardens along with installation of
an “end-of-the-pipe” detention basin and seven underground Vortechnic oil-
grit separator units. Several of the rain gardens that are smaller or that need
to accommodate higher volumes of water were installed with underdrains,
but most use the natural infiltration capacity of the area’s sandy soils.

Currently, all major outfalls of stormwater from the City of Grayling are being
treated by one or more of these measures. Future plans for the project include
a maintenance program with incentives for landowners who water and weed
their rain gardens, and an outreach program to educate the public and help other
communities voluntarily integrate LID into their stormwater management.

Case Study Site Considerations

Protect sensitive/special value features, rain gardens/biore-
tention, detention/extended detention, filters
(specifically oil-grease separators)

Project Type

Soil Conditions

Estimated Total
Project Cost

Sandy and extremely well drained

$1.2 million

Maintenance
Responsibility

City of Grayling — maintenance of Vortechnic Units,
Huron Pines — establishment of plants

Jennifer Muladore, 989-344-0753 ext 30,
Jennifer@huronpines.org

Project Contact
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Lessons Learned

The rain gardens were planted
with seed and a few shrubs. The
seed did not grow well, most
likely due to the harsh cold
winters and hot, dry summers in
the Grayling area, where plants
take a lot longer to establish

in the extremely well-drained,
sandy soils.

Plants that thrive in dry soils
do need frequent watering to
survive (project contracted out
to a local landscaping company
for watering).

In addition, many of the
residents in the neighborhood
are not happy with the “wild”
seeded look and would rather
have had more manicured
gardens. In future phases, the
City of Grayling will plant fewer
gardens with larger plant stock
and try to locate them where
homeowners are more interested

\in helping to maintain them. J
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Description and Function

Bioretention is a method of managing stormwater by
pooling water within a planting area and allowing the
water to infiltrate the garden. In addition to managing
runoff volume and reducing peak discharge rates, this
process filters suspended solids and related pollutants
from stormwater runoff. Bioretention can be imple-
mented in small, residential applications (Figure 7.3) or
as part of a management strategy in larger applications
(Figure 7.4).

Figure 7.3
Residential Rain Garden

Source: Rain Gardens of West Michigan

Figure 7.4
Commercial Rain Garden

Source: Rain Gardens of West Michigan
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Bioretention is designed into a landscape as a typical
garden feature, to improve water quality while reducing
runoff quantity. Rain gardens can be integrated into a
site with a high degree of flexibility and can integrate
nicely with other structural management systems includ-
ing porous pavement parking lots, infiltration trenches,
and other non-structural stormwater BMPs.

Bioretention vegetation serves to filter (water qual-
ity) and transpire (water quantity) runoff, and enhance
infiltration. Plants absorb pollutants while microbes
associated with the plant roots and soil break them
down. The soil medium filters out pollutants and
allows storage and infiltration of stormwater runoff,
providing volume control. In addition, engineered soil
media may serve as a bonding surface for nutrients to
enhance pollutant removal.

Properly designed bioretention techniques provide a
layer of compost that acts like a sponge to absorb and
hold runoff. \egetation in the rain garden can be diverse,
through the use of many plant species and types, result-
ing in a system tolerant to insects, diseases, pollution,
and climatic stresses.

The term “rain garden” is used

to refer to smaller-scale bioreten-
tion facilities typically found on
residential properties.

Bioretention can Accomplish
the Following:

¢ Reduce runoff volume

* Filter pollutants, through both soil particles (which
trap pollutants) and plant material (which take up
pollutants)

¢ Provide habitat

» Recharge groundwater (if no underdrain is placed
underneath)

* Reduce stormwater temperature impacts

* Enhance site aesthetics

- J
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Figure 7.5 illustrates a schematic of a relatively simple
bioretention area (or rain garden). Figure 7.6 illus-
trates a schematic of a bioretention area that is a more
technically engineered structure, designed to complete
specific stormwater management goals. Pond depth,
soil mixture, infiltration bed, perforated underdrains,
domed risers, and positive overflow structures may be
designed according to the specific, required stormwater
management functions.

Figure 7.5
Schematic of a small residential rain garden

Figure 7.6
Schematic of a technically engineered
bioretention area

Source: Prince George’s County Bioretention Manual with modifications by Cahill Associates, 2004
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Variations

A bioretention system is a depression in the ground
planted like a garden that provides for the storage and
infiltration of relatively small volumes of stormwater
runoff, often managing stormwater on a lot-by-lot
basis. This use of many small stormwater controls
versus one large detention area promotes the low
impact development goal of decentralized treatment
of stormwater. But, if greater volumes of runoff must
be managed or stored, a bioretention system can be
designed with an expanded subsurface infiltration
bed, or can be increased in size. Typically, the ratio of
impervious area draining to the bioretention area should
not exceed five-to-one, and the total impervious area
draining to a single system should not be more than one
acre. Variations noted relate to performance types, flow
entrance, and positive overflow.

Performance types

Depending on varying site conditions, bioretention
can be designed to allow for 1) complete infiltration,
2) infiltration/filtration, or 3) filtration. These variations
will often determine the need for such design features
as the gravel bed, underdrains, and impervious liners.

Bioretention using complete infiltration occurs in areas
where groundwater recharge is beneficial and the soils
have the permeability necessary to accommodate the
inflow. This type of BMP is often less expensive to
construct because there is no underdrain and the soils on
site are often used.

The most common variation to this type of bioretention
includes a gravel or sand bed underneath the planting bed
and often accompanied by the use of an underdrain. This
allows for additional storage or for areas with low permea-

Signage at Rouge River rain garden
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bility to use bioretention as infiltration, as well as, filtration
(Figure 7.6). Some volume reduction will occur through
infiltration, as well as evaporation and transpiration.

Another variation is to use bioretention primarily for
filtration. This is often used in contaminated soils or
hot spot locations using an impervious liner to prevent
infiltration and groundwater contamination. The primary
stormwater function then becomes filtration with some
volume reduction through evaporation and transpiration.

For areas with low permeability, bioretention may achieve
some infiltration while acting as detention with peak rate
control for all storms up to the design storm.

Flow inlet

Pretreatment of runoff should be provided where sedi-
ment or pollutants entering the rain garden may cause
concern or decreased BMP functionality. Soil erosion
control mats, blankets, or rock must be used where runoff
flows from impervious areas enter the rain garden.

Flow inlet: Trench drain

Trench drains can accept runoff from impervious surfaces
and convey itto a rain garden (Figure 7.7). The trench drain
may discharge to the surface of the rain garden or may
connect directly to an aggregate infiltration bed beneath.

Figure 7.7
Trench drain and curb cut connected to
bioretention area

Source: Macomb County Planning and Economic
Development

~

Educational Signage

Once a bioretention area is established, installing

signage will help the general public and maintenance

crews recognize LID practices which can help promote

sustainable stormwater management. Educational signs

can incorporate LID goals, and maintenance objectives
@ addition to the type of LID project being employed.J
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Flow inlet: Curbs and curb cuts

Curbs can be used to direct runoff from an impervi-
ous surface along a gutter to a low point where it flows
into the rain garden through a curb cut. Curb cuts may
be depressed curbs (Figure 7.8), or may be full height
curbs with openings cast or cut into them.

Figure 7.8
Curb cut into bioretention area/rain garden

Source: Huron Pines

Positive overflow

A positive overflow, via the surface or subsurface, is
recommended to safely convey excessive runoff from
extreme storm events.

Positive overflow: Domed riser

A domed riser may be installed to ensure positive,
controlled overflow from the system (Figure 7.9). Once
water ponds to a specified depth, it will begin to flow
into the riser through a grate, which is typically domed
to prevent clogging by debris.

Figure 7.9
Positive Overflow Device: Domed riser at
Macomb County Public Works Office

Source: Macomb County Public Works Office
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Positive overflow: Inlet structure

An inlet structure may also be installed to ensure positive,
controlled overflow from the system. Once water ponds to
a specified depth, it will begin to flow into the inlet.

Applications

Bioretention areas can be used in a variety of applica-
tions, from small areas in residential lawns to extensive
systems in commercial parking lots (incorporated into
parking islands or perimeter areas). Industrial, retrofit,
highway/road, and recreational areas can also readily
incorporate bioretention. One key constraint in using
bioretention in ultra-urban settings is space.

Residential

The residential property owner that wants to design and
build a rain garden at home does not need to go through
the engineering calculations listed under stormwater
calculations and functions. Assistance with simple rain
gardens is available from several sources listed under
the Plant Selection portion of this BMP.

Figure 7.10
Single-family residential lot drainage schematic

Claytor and Schueler, 1995 with madifications by
Cahill Associates
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Figure 7.11
Residential rain garden

Source: Pokagon Band of Potawatomi Indians

Figure 7.12
Tree planting detail

Figure 7.10 shows a typical rain garden configuration
on a residential property. The rain garden shown in
Figure 7.11 represents a simple design that incorporates
a planting bed adjacent to an uncurbed road.

Another source of water for a small rain garden is
connecting the roof leader from adjacent buildings.
The stormwater may discharge to the surface of the
bioretention area or may connect directly to an aggre-
gate infiltration bed beneath.

Tree and shrub pits

Tree and shrub pits intercept runoff and provide shal-
low ponding in mulched areas around the tree or shrub
(Figure 7.12). Mulched areas should typically extend to
the tree’s drip line.

Source: Prince George’s County, Maryland, The Bioretention Manual with modifications by Cahill Associates, 2004
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Roads and highways

Figure 7.13 shows a linear bioretention area feature
along a highway. Runoff is conveyed along the concrete
curb (bottom of photo) until it reaches the end of the
gutter, where it spills into the vegetated area.

Figure 7.13
Linear Bioretention Area along Roadway

Source: Low Impact Development Center, Inc.

Parking lot island bioretention

In parking lots for commercial, industrial, institutional,
and other uses, stormwater management and green
space areas are limited. In these situations, bioretention
areas for stormwater management and landscaping may
provide multiple benefits (Figure 7.14).

Figure 7.14
Bioretention area within parking lot

Bloretentlon area planted with a \
variety of native plants. The trees are
Wildfire Black Gums.”Wildfire” has

the following advantages over regular

Source: City of Rochester Hills
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A bioretention area in a parking lot can occur in parking
lots with no curbs and with curbs. The no-curb alterna-
tive allows stormwater to sheet flow over the parking
lot directly into the bioretention area.

In a curbed parking lot, runoff enters the bioretention
area through a curb cut. If the runoff volume exceeds
the ponding depth available, water overflows the biore-
tention area and enters a standard inlet (Figure 7.15).

A variation on this design is a direct underground
connection to the standard inlet from the underground
aggregate infiltration bed via an overflow pipe.

Figure 7.15
Standard inlet to allow for overflow from the
bioretention area

Source: Low Impact Development Center, Inc.

Filter strip planted with special
native seed mix and overlaid with a
synthetic mat.

seedling-grown black gums: reddish
new growth, consistent fall color, faster
growth, plus better resistance to leaf
spot disease.

- J
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Primary Components of a Bioretention System

1. Pretreatment (may be necessary to help prevent clogging)

Sediment removal through a vegetated buffer strip, cleanout, stabilized inlet, water quality inlet, or sediment
trap prior to runoff entry into the bioretention area

2. Flow inlet

Varies with site use (e.g., parking island versus residential lot applications — see Figures 7.11 through 7.14)

Entering velocities must be non-erosive — use erosion control mats, blankets, or rock where concentrated runoff
enters the bioretention area

3. Ponding area

Provides temporary surface storage of runoff and allows sediment to settle
Provides evaporation for a portion of runoff

Depth no more than 6-18 inches for aesthetics, functionality, and safety

4. Plant material (see Appendix C for recommended plant lists)

Absorbs stormwater through transpiration

Root development creates pathways for infiltration

Bacteria community resides within the root system creating healthy soil structure with water quality benefits
Can improve aesthetics for site

Provides habitat for animals and insects

Reinforces long-term performance of subsurface infiltration

Ensures plants are salt tolerant if in a location that would receive snowmelt chemicals

Should be native plant species and placed according to drought and water tolerance

5. Organic layer or muich

Acts as a filter for pollutants in runoff
Protects underlying soil from drying and eroding
Simulates leaf litter by providing environment for microorganisms to degrade organic material

Provides a medium for biological growth, decomposition of organic material, adsorption and bonding of
heavy metals

Wood mulch should be shredded — compost or leaf mulch is preferred

6. Planting soil/volume storage bed

Provides water/nutrients to plants
Enhances biological activity and encourages root growth
Provides storage of stormwater by the voids within the soil particles

Provides surface for adsorption of nutrients

7. Positive overflow

Provides for the direct discharge of runoff during large storm events when the subsurface/surface storage
capacity is exceeded

Examples of outlet controls include domed risers, inlet structures, and weirs
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Design Considerations

Bioretention is flexible in design and can vary in
complexity according to site conditions and runoff
volume requirements. Design and installation proce-
dures may vary from very simple for “backyard” rain
gardens to highly engineered bioretention areas in ultra-
urban areas.

Infiltration BMPs should be sited so that they minimize
risk to groundwater quality and present no threat to
subsurface structures. Table 7.4 provides recommended
setback distances of bioretetnion areas to various lot
elements.

Table 7.4
Setback distances
Sethack from Minimum distance (feet)
Property line 10
Building foundation* 10
Private well 50
Public water supply well** 50
Septic system drainfield*** 100

* minimum with slopes directed away from building

** At least 200 feet from Type | or lla wells, 75 feet from Type llb and
Il wells (MDEQ Safe Drinking Water Act, PA 399)

*** 50 feet for septic systems with a design flow of less than 1,000
gallons per day

The distance from the bottom of the infilration BMP
to the seasonal high groundwater level or bedrock is
recommended to be four feet. Two feet is allowable, but
may reduce the performance of the BMP.

Bioretention is best suited for areas with at least moder-
ate infiltration rates (more than 0.25 inches per hour)
— see Infiltration BMP. In extreme situations where
permeability is less than 0.25 inches per hour, special
variations may apply, such as using amended subsoils
or underdrains (or using constructed wetlands instead).
The following procedures should be considered when
designing bioretention areas:

1. The flow entrance must be designed to prevent
erosion in the bioretention area. Some alternatives
include flared end sections, erosion control mats,
sheet flow into the facility over grassed areas, rock
at entrance to bioretention area, curb cuts with
grading for sheet flow, and roof leaders with direct
surface connection.

2. A positive overflow system should be designed to

safely convey away excess runoff. The overflow

can be routed to the surface in a non-erosive

manner or to another stormwater system. Some

alternatives include domed risers, inlet structures,

weirs, and berms.

3. Sizing criteria

a. Surface area is dependent upon storage volume
requirements, but should generally not exceed a
maximum loading ratio of 5:1 impervious drainage
area to bioretention area and no more than one
acre drainage area to one bioretention cell.
However, for design purposes, the total volume
of water generated from the contributing drainage
area must be used, not just the impervious portion.
See Infiltration BMP for additional guidance on
loading ratios.

The required bioretention surface area is
determined by taking the volume of runoff to be
controlled according to LID criteria, maintaining
the maximum ponding depth, the loading

rate, and the emptying time. Infiltration and
evapotranspiration are increased by increasing
the surface area of the bioretention area. The total
surface area needed may be divided into multiple
cells. This configuration may be useful to collect
runoff from both the front and back of a building.

b. Surface side slopes should be gradual. For
most areas, maximum 3:1 side slopes are
recommended.

¢. The recommended surface ponding depth is six
inches. Up to 18 inches may be used if plant
selection is adjusted to tolerate water depth.
Drain within 24-48 hours.

d. Ponding area should provide sufficient surface
area to meet required storage volume without
exceeding the design ponding depth. The

Preparing bed with planting soil
Source: City of Troy
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subsurface infiltration bed is used to supplement
surface storage where appropriate.

4. Planting soil depth should generally be between

18 and 48 inches where only herbaceous plant
species will be used. If trees and woody shrubs

will be used, soil media depth may be increased,
depending on plant species. Native soils can be used
as planting soil or modified to be suitable on many
sites. Small, backyard rain gardens can generally use
existing soils without a specialized depth. Planting
soil should be approximately four inches deeper than
the bottom of the largest root ball.

. Planting soil should be capable of supporting a
healthy vegetative cover. Soils should be amended
with a composted organic material. A recommended
range of a soil mixture is 20-40 percent organic
material (compost), 30-50 percent sand, and 20-30
percent topsoil, although any soil with sufficient
drainage may be used for bioretention.

Soils should also have a pH of between 5.5 and 6.5
(better pollutant adsorption and microbial activity),
a clay content less than 10 percent (a small

amount of clay is beneficial to adsorb pollutants
and retain water although no clay is necessary if
pollutant loadings are not an issue), be free of toxic

substances and unwanted plant material, and have
a 5-10 percent organic matter content. Additional
organic matter can be added to the soil to increase
water holding capacity.

If brought from off site, sand should be clean,
coarse, and conform to ASTM C-33 (Standard
Specification for Concrete Aggregates).

If the void space within an amended soil mix will
be used in calculating runoff volume capacity in
the system, tests should be conducted on the soil’s
porosity to determine the available storage capacity.

. Proper plant selection is essential for bioretention

areas to be effective. Typically, native floodplain
or wet meadow plant species are best suited to the
variable environmental conditions encountered in
a bioretention area. Suggested species may include
Cardinal Flower (Lobelia cardinalis), Blue Lobelia
(Lobelia siphilitica), New England Aster (Aster
novae-angliae), and Brown Fox Sedge (Carex
vulpinoidea) (See recommended Plant List in
Appendix C for a detailed list).

In most cases, seed is not the preferred method
for establishing plants in a bioretention area. The
fluctuating water levels make it difficult for the
seed to readily establish, while the random nature
of seeding produces a look previous experience
indicates is unacceptably “wild.” Therefore, it is
strongly recommended that live plant material in
plug or gallon-potted form be used and installed
on 1-2 foot centers for a more formal appearance.
Shrubs and trees are also recommended to be
included in a bioretention area.

A landscape architect can be used to design a native
planting layout. Additional resources for planting
layouts are Rain Gardens for West Michigan (www.
raingardens.org), Washtenaw County Free Designs,
Wild Ones Natural Landscapers, and MDEQ
Landscaping for Water Quality booklets.

Selecting proper plants
Source: City of Troy
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7. Planting periods will vary but, in general, trees
and shrubs should be planted from mid-April
through early June, or mid-September through
mid-November. Native seed should be installed
between October 1 and June 1. Live plant
material (plugs or gallon pots) should be installed
between May 1 and June 15. Planting dates may
be lengthened if a regular water source can be
provided. Likewise, planting should be ceased at
an earlier date in the event of a drought year.

8. A maximum of 2-3 inches of shredded hardwood
mulch aged at least six months to one year or leaf
compost (or other comparable product) should be
uniformly applied immediately after shrubs and
trees are planted to prevent erosion, enhance metal
removals, and simulate leaf litter in a natural forest
system. Wood chips should be avoided as they
tend to float during inundation periods. Mulch or
compost should not exceed three inches in depth
or be placed directly against the stems or trunks of
plants to maintain oxygen flow.

9. When working in areas with steeper slopes,
bioretention areas should be terraced laterally
along slope contours to minimize earthwork and
provide level areas for infiltration.

Recycled asphalt product (RAP) used
throughout parking lot and left behind curb
to give structural support.

Source: City of Rochester Hills
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10. A subsurface storage/infiltration bed, if used,
should be at least six inches deep and constructed
of clean gravel with a significant void space for
runoff storage (typically 40 percent) and wrapped
in geotextile fabric.

11. Underdrains are often not needed unless in-situ
soils are expected to cause ponding lasting longer
than 48 hours. If used, underdrains are typically
small diameter (6-12-inches) perforated pipes in
a clean gravel trench wrapped in geotextile fabric
(or in the storage/infiltration bed). Underdrains
should have a flow capacity greater than the total
planting soil infiltration rate and should have at
least 18 inches of soil/gravel cover. They can
daylight to the surface or connect to another
stormwater system. A method to inspect and clean
underdrains should be provided (via cleanouts,
inlet, overflow structure, etc.)

Underdrain in trench
Source: City of Rochester Hills

Underdrain excavation, three feet
wide, six inches deep. Peastone was
placed in excavation.

Four-foot-diameter catch basins, used as
overflows. Rim elevation set nine inches
above mulch layer to allow nine inches of
ponding before overflow occurs. Two catch
basins used to ensure stormwater doesn’t
overflow to parking lot.
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Stormwater Functions and
Calculations

When designing a bioretention area, it is recommended
to follow a two-step process:

1. Initial sizing of the bioretention area based on the
principles of Darcy’s Law.

2. Vferify that the loading ratio and the necessary
volume reductions are being met.

Initial sizing of the bioretention area
Bioretention areas can be sized based on the principles

of Darcy’s Law, as follows:
With an underdrain:
Af:Vde/[kX(hf+df)th]

Without an underdrain:
Af:Vde/ [| X (hf+ df) th]

Where:

A; = surface area of filter bed (ft?)

V = required storage volume (ft%)

d; = filter bed depth (ft)

k = coefficient of permeability of filter media (ft/day)
i = infiltration rate of underlying soils (ft/day)

h; = average height of water above filter bed (ft)

t; = design filter bed drain time (days)

A “quick check” for sizing the bioretention area is to
ignore the infiltration rate and calculate the storage
volume capacity of the bioretention area as follows:

A = (Area of bioretention area at ponding depth +
Bottom area of bioretention area) divided by two =
Infiltration area (average area)

The size of the infiltration area is determined by the
volume of water necessary to remove as determined by
LID criteria, depth of the ponded area (not to exceed 18
inches), infiltration rate of the soil, loading ratio, and, if
applicable, any subsurface storage in the amended soil
or gravel.

This volume can be considered removed if the biore-
tention is not underdrained. If the bioretention cell is
underdrained, consider the bioretention cell as a deten-
tion device with the volume calculated above discharged
to a surface water over time t,.
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Verification of meeting volume reduction requirements
The bioretention facility should be sized to accommo-
date the desired volume reductions (see Chapter 9 for
Volume Control Criteria). This can be based on water
quality volume (e.g., first inch of runoff from the site)
or based on size storm event (e.g., no net increase based
on presettlement conditions of the two-year, 24-hour
event).

The volume of a bioretention area can have three compo-
nents: surface storage volume, soil storage volume, and
infiltration bed volume. These three components should
be calculated separately and added together. The goal is
that this total volume is larger than the required volume
reduction that is often included in local ordinances.
If the total volume is less than the required volume,
another adjustment may be needed to the bioretention
area (e.g., increased filter bed depth).

Total volume calculation:

1. Surface storage volume (ft®) = Average bed area
(ft2) x Maximum design water depth (ft)

2. Soil storage volume (ft®) = Infiltration area (ft?) x
Depth of amended soil (ft) x Void ratio of amended
soil.

3. Subsurface storage/Infiltration bed volume (ft%) =
Infiltration area (ft?) x Depth of underdrain material
(ft) x Void ratio of storage material

Total bioretention volume = Surface storage volume +
Soil storage volume (if applicable) + Infiltration bed
volume (if applicable).

Peak rate mitigation

Chapter 9 provides information on peak rate mitiga-
tion methodology and addresses links between volume
reduction and peak rate control. Underdrained bioreten-
tion acts as a detention practice with a discharge rate
roughly equal to the infiltration rate of the soil x the
average bed area.

Water Quality Improvement

The reported water quality benefits of bioretention can
be expected to remove a high amount of total suspended
solids (typically 70-90 percent), a medium amount of
total phosphorus (approximately 60 percent), and a
medium amount of total nitrogen (often 40-50 percent).
In areas with high sediment loading, pretreatment of
runoff can significantly reduce the amount of biore-
tention maintenance required (See Chapter 9 for water
quality calculation procedures).
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Construction Guidelines

The following is a typical construction sequence (Note
for all construction steps: Erosion and sediment control
methods need to adhere to the latest requirements of
MDEQ’s Soil Erosion and Sedimentation Control
Program and local standards).

1. Complete site grading, minimizing compaction as
much as possible. If applicable, construct curb cuts or
other inflow entrance, but provide protection so that
drainage is prohibited from entering the bioretention
construction area. Construct pre-treatment devices
(filter strips, swales, etc.) if applicable.

2. Subgrade preparation

a Existing subgrade in rain gardens should not be
compacted or subject to excessive construction
equipment traffic. Loads on the subgrade should
not exceed four pounds per square inch.

b. Initial excavation can be performed during
rough site grading, but should not be carried to
within one foot of the final bottom elevation.
Final excavation should not take place until all
disturbed areas in the drainage area have been
stabilized.

c. Where erosion of subgrade has caused
accumulation of fine materials and/or surface
ponding in the graded bottom, this material
should be removed with light equipment and the
underlying soils scarified to a minimum depth of
six inches with a york rake or equivalent by light
tractor.

d. Bring subgrade of bioretention area to line,
grade, and elevations indicated. Fill and lightly
regrade any areas damaged by erosion, ponding,
or traffic compaction. All bioretention areas
should be level grade on the bottom.

3. Stabilize grading except within the bioretention
area. Bioretention areas may be used as temporary
sediment traps provided the proposed finish
elevation of the bed is at least 12 inches lower than
the bottom elevation of the sediment trap (if used
as such, all accumulated material and at least 12
inches of soil should be removed).

4. Excavate bioretention area to proposed invert
depth and scarify the existing soil surfaces. Do not
compact soils.

5. Backfill bioretention area with amended soil as
shown on plans and specifications. Overfilling is
recommended to account for settling. Light hand
tamping is acceptable if necessary.
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6. Complete final grading to achieve proposed

design elevations, leaving space for upper layer of
compost, mulch, or topsoil as specified on plans.

. Bioretention area/rain garden installation

a. Upon completing subgrade work, notify the
engineer to inspect at his/her discretion before
proceeding with bioretention installation.

b. For the subsurface storage/infiltration bed
installation, amended soils should be placed on
the bottom to the specified depth.

¢. Planting soil should be placed immediately
after approval of subgrade preparation/bed
installation. Any accumulation of debris or
sediment that takes place after approval of
subgrade should be removed prior to installation
of planting soil at no extra cost to the owner.

d. If called for in the design, install approved
planting soil in 18-inch maximum lifts and
lightly compact (tamp with backhoe bucket
or by hand). Keep equipment movement over
planting soil to a minimum — do not over-
compact. Install planting soil to grades indicated
on the drawings. Loads on the soil should not
exceed four pounds per square inch.

e. Presoak the planting soil at least 24 hours prior
to planting vegetation to aid in settlement.

f. Plant trees and shrubs according to supplier’s
recommendations and only from mid-March
through the end of June or from mid-September
through mid-November.

g. Install two or three inches of shredded hardwood
mulch (minimum age six months) or compost
mulch evenly as shown on plans. Do not apply
mulch in areas where ground cover is to be grass
or where cover will be established by seeding.

h. Protect rain gardens from sediment at all times
during construction. Compost socks, diversion
berms, and/or other appropriate measures should
be used at the toe of slopes that are adjacent to
rain gardens to prevent sediment from washing
into these areas during site development.

i. When the site is fully vegetated and the soil
mantle stabilized, notify the plan designer to
inspect the rain garden drainage area at his/her
discretion before the area is brought online and
sediment control devices removed.

. Mulch and install erosion protection at surface flow

entrances where necessary.
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Marking planting area
Source: City of Troy

Maintenance

Properly designed and installed bioretention areas require
some regular maintenance, most within the first year or
two of establishment. Less maintenance is required when
the native perennial vegetation becomes established.

1. Water vegetation at the end of each day for
two weeks after planting is completed. Newly
established plants should continue to receive
approximately one inch of water per week
throughout the first season, or as determined by the
landscape architect.

2. While vegetation is being established, pruning
and weeding may be required. Weeds should be
removed by hand.

3. Organic material may also need to be removed
approximately twice per year (typically by hand).

4. Perennial plantings may be cut down at the end of
the growing season to enhance root establishment.

5. Mulch should be re-spread when erosion is evident
and replenished once every one to two years or
until the plants begin to fill in the area and the space
between plants is minimized.

Watering newly established vegetation
Source: City of Troy
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Planting Tip

When planting your bioretention area, it is usually
helpful to mark the different planting areas. An
effective method is using spray paint and flags to
mark designated areas. This is especially helpful

\When utilizing volunteers. J

6. Bioretention area should be inspected at least two
times per year for sediment buildup, erosion, and
to evaluate the health of the vegetation. If sediment
buildup reaches 25 percent of the ponding depth,
it should be removed. If erosion is noticed within
the bioretention area, additional soil stabilization
measures should be applied. If vegetation appears
to be in poor health with no obvious cause, a
landscape specialist should be consulted.

7. Bioretention vegetation may require watering,
especially during the first year of planting. Ensure
the maintenance plan includes a watering schedule
for the first year, and in times of extreme drought
after plants have been established.

8. Bioretention areas should not be mowed on a
regular basis. Trim vegetation as necessary to
maintain healthy plant growth.

Winter Considerations

Use salt-tolerant vegetation where significant snow-
melt containing deicing chemicals is expected. The use
of sand, cinders, and other winter abrasives should be
minimized. If abrasives are used, additional mainte-
nance may be required to remove them in the spring.
Bioretention soils can be expected to resist freezing
and remain functioning for most of the year (although
biological pollutant removal processes will be reduced
during winter). Bioretention areas can even be used for
snow storage assuming this will not harm the vegetation.
Pipes, inlets, overflow devices, and other stormwa-
ter structures associated with bioretention should be
designed according to general guidance on cold climate
construction.

Cost

Bioretention areas often replace areas that were inten-
sively landscaped and require high maintenance. In
addition, bioretention areas can decrease the cost for
stormwater conveyance systems on a site. Bioretention
areas cost approximately $5-7 per cubic foot of storage
to construct.
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Designer/Reviewer Checklist for Rain Gardens/Bioretention

Item Yes | No | N/A Notes
Was Appendix E: Soil infiltration Testing Protocol followed?*

Appropriate areas of the site evaluated?

Infiltration rates measured?

Were the bioretention design guidelines followed?

Minimum 2-foot separation between the bed bottom and bedrock/SHWT?

Soil permeability acceptable?

If not, appropriate underdrain provided?

Natural, uncompacted soils?

Level infiltration area (bed bottom)?

Excavation in rain garden areas minimized?

Hotspots/pretreatment considered?

Loading ratio below 5:1 (described in infiltration BMP)?

Ponding depth limited to 18 inches?

Drawdown time less than 48 hours?

Positive overflow from system?

Erosion and Sedimentation control?

Feasible construction process and sequence?

Entering flow velocities non-erosive or erosion control devices?

Acceptable planting soil specified?

Appropriate native plants selected?

Maintenance accounted for and plan provided?
Review of treatment volume?
Review of calculations?

* In general, the protocol should be followed as much as possible.
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tion. 2006.
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Rain Gardens of West Michigan: wmeac.org/raingardens/
Southeastern Oakland County Water Authority: www.socwa.org/lawns_gardens.shtml

Rain Gardens: A household way to improve water quality in your community. University of Wisconsin-Extension and
Wisconsin Department of Natural Resources, 2002.

Wild Ones Natural Landscapers: www.wildones.org
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BMP Fact Sheet (Variations N

¢ Rain barrels

capture Reuse * Cisterns, both underground and
above ground

Structures designed to intercept and store runoff from rooftops allow for its « Tanks

reuse, reducing volume and overall water quality impairment. Stormwater

is contained in the structures and typically reused for irrigation or other * Storage beneath a surface (us-

water needs. ing manufactured products)

Key Design
Features

* Small storm events are cap-
tured with most structures

* Provide overflow for large
storm events

* Discharge water before next
storm event

 Consider site topography,
placing structure up-gradient
in order to eliminate pumping
needs

Site Factors
Cistern at Fairlane Green shopping center, Allen Park, Ml * Water table to bedrock depth —
N/A (although must be consid-

ered for subsurface systems)
Applications Stormwater Quantity Functions .
e Soils — N/A
Residential Yes Volume High « Slope - N/A
Commercial Yes gro?‘ndwater Low * Potential hotspots — Yes with
echarge treatment
Ultra Urban Yes Peak Rate Low* « Max. drainage area — N/A
Industrial Yes Stormwater Quality Functions
Retrofit Yes | TSS Med Benefits
* Provides supplemental water
Highway/Road No TP Med supply
NO; Med * Wide applicability
Recreational Yes
Temperature Med  Reduces potable water use

» Related cost savings and
environmental benefits

Additional Considerations

Cost Limitations

¢ Rain Barrel Low e Manages only relatively small

e (Cistern Med storm events which requires

e Manufactured porduct Varies additional management and
Maintenance Med \ use for the stored water. /
Winter Performance Med

* Depends on site design
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Case Study: Stormwater Capture with an
Underground Cistern

Fairmount Square, Grand Rapids, Mi

All of the stormwater that falls onto Fairmount Square is handled onsite
rather than at the municipal storm sewer. This four-acre site consists of a
building, a new four-bay commercial building, and 37 town homes.

Several different LID techniques are used to manage all stormwater onsite,
including rainwater capture, porous pavement, and rain gardens. The storm-
water from the roofs of two buildings on Cherry Street in Fairmount Square
is captured in an underground cistern and used to water the formal gardens
and parking lot landscape. The cistern holds 30,000 gallons of water (up to
two weeks of rainfall) and is 10" x 15’ x 15’9 in size. A pump inside the
cistern pumps rainwater to the formal garden area at the entrance to the
Inner City Christian Federation building. The estimated savings using this
cistern instead of standard irrigation is 1,340.3 cubic feet of water per year.

Maintenance activities and associated costs are minimal, as the cistern only
requires periodic pump maintenance, which is contracted out as needed.

Underground cistern tank
Source: Fishbeck, Thompson, Carr, & Huber, Inc.

Case Study Site Considerations

Project Type Underground cistern
Estimated Total
Project Cost $40,269
Maintenance
Responsibility Contracted out as needed
Deb Sypien, Rockford Construction Company 616-285-8100
Project Contact yol uet pany

Rick Pulaski, Nederveld Inc. 616-575-5190
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Description and Function

Capture reuse is the practice of collecting rainwater in
a container and reusing it in the future. Other terms for
this BMP include storage/reuse, rainwater harvesting,
and rainwater catchment system.

This structural BMP reduces potable water needs while
simultaneously reducing stormwater discharges. When
rain barrels or cisterns are full, rooftop runoff should
be directed to drywells, planters, or bioretention areas
where it will be infiltrated.

Variations

Rain barrel

Commonly, rooftop downspouts are connected to a
rain barrel that collects runoff and stores water until
needed for a specific use. Rain barrels are often used
at individual homes where water is reused for garden
irrigation, including landscaped beds, trees, or other
vegetated areas. Other uses include commercial and
institutional facilities where the capacity of stormwater
can be captured in smaller volume rain barrels.

Residential rain barrel
Source: Harley Ellis Devereaux
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Cisterns

A cistern is a container or tank that has a greater stor-
age capacity than a rain barrel. Typically, cisterns are
used to supplement greywater needs (i.e., toilet flush-
ing, or some other sanitary sewer use) though they can
also be used for irrigation. Cisterns may be comprised
of fiberglass, concrete, plastic, brick, or other materials
and can be located either above or below ground. The
storage capacity of cisterns can range from 200 gallons
to 10,000 gallons. Very large cisterns, essentially
constructed like an underground parking level, can also
be used. Figure 7.16 highlights the typical components
of a cistern.

Figure 7.16
Typical cistern components

Source: This image generously provided by
www.starkenviornmental.com/a-0-rainwater.html

Figure Description:

1. Filter/screening mechanism to filter runoff
2. Inflow into cistern

3. Intake for water use

4. Cistern overflow
5

. Subsequent stormwater system (infiltration system in
this case) for cistern overflow

6. Optional level gauge
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Ford Rouge Plant cistern

Vertical storage

A vertical storage container is a structure designed to
hold a large volume of stormwater drained from a large
impervious area and is the largest of the capture reuse
containers. The use of these structures is a function of
drainage area and water needs. Vertical structures are
best used for intensive irrigation needs or even fire
suppression requirements, and should be designed by
a licensed professional. These storage systems can be
integrated into commercial sites where water needs
may be high.

Storage beneath structure

Stormwater runoff can be stored below ground under
pavement and landscaped surfaces through the use
of structural plastic storage units and can supplement
onsite irrigation needs. These structures can provide
large storage volumes without the need for additional
structural support from the building.

Designing a capture reuse system in which the stor-
age unit is underground is best used in institutional or
commercial settings. This type of subsurface storage is
larger, more elaborate, typically designed by a licensed
professional, and requires pumps to connect to the irri-
gation system.

Applications

Capture reuse containers can be used in urbanized areas
where the need for supplemental onsite irrigation or
other high water use exists. Areas that would benefit
from using a capture reuse container include:

* Parking garage,
* Office building,
* Residential home or building, and

* Other building use (commercial, light industrial,
institutional, etc.).

Vertical storage units for vegetated roof plaza
maintenance are common in Germany
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Underground cistern at Lawrence Technological University
Source: Lawrence Technological University

Rainstore™ cistern beneath brick pavers on a vegetated roof-
top plaza at University of North Carolina — Chapel Hill
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Design Considerations

Design and installation procedures for capture reuse
containers can vary from simple residential rain barrels
to highly engineered underground systems in ultra-
urban areas. Table 7.5 provides general information
on cistern holding capacity. The following procedures
should be considered when designing sites with capture
reuse containers.

1.

Identify opportunities where water can be reused
for irrigation or indoor greywater reuse and then
calculate the water need for the intended uses. For
example, if a 2,000 square foot landscaped area
requires irrigation for four months in the summer
at a rate of one inch per week, the designer

must determine how much water will be needed
to achieve this goal (1,250 gallons per week,
approximately 22,000 gallons for the season), and
how often the storage unit will be refilled with
precipitation. The usage requirements and the
expected rainfall volume and frequency must be
determined.

Table 7.5
Round cistern capacity (Gallons)
Height 6-foot 12-foot 18-foot
(feet) Diameter Diameter Diameter
6 1,269 5,076 11,421
8 1,692 6,768 15,227
10 2,115 8,460 19,034
12 2,538 10,152 22,841
14 2,961 11,844 26,648
16 3,384 13,535 30,455
18 3,807 15,227 34,262
20 4,230 16,919 38,069

Source: The Texas Manual on Rainwater Harvesting

2. Rain barrels and cisterns should be positioned to

receive rooftop runoff.

If cisterns are used to supplement greywater needs,
a parallel conveyance system must be installed

to separate greywater from other potable water
piping systems. Do not connect to domestic or
commercial potable water system.

Consider household water demands (Table 7.6)
when sizing a system to supplementing residential
greywater use.
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Table 7.6.
Household water demand chart

Fixture Use Flow Rate
. # flushes per person | 1.6 gallons per flush
Toilet .
per day (new toilet)
#egl)nnmisr zzr 2.75 gallons per
Shower P _p y minute (restricted
(5 minutes
flow head)
suggested max.)
# baths per person | 50 gallons per bath
Bath
per day (average)
Bathroom and
Faucets kitchen sinks 10 gallons per day
Washing 50 gallons per load
Machine # loads per day (average)
Dishwasher # loads per day 9.5 gallons per load

Source: Philadelphia Stormwater Manual

10.

11.

Discharge points and storage units should be
clearly marked “Caution: Untreated Rainwater, Do
Not Drink.”

Screens should be used to filter debris from runoff
flowing into the storage units. Screens should be
made of a durable, non-corrodible material and be
easily maintainable.

Protect storage elements from direct sunlight
by positioning and landscaping. Limit light into
devices to minimize algae growth.

The proximity to building foundations should be
considered for overflow conditions. The minimum
setback distance for capture and reuse systems is
10 feet.

If the capture and reuse system or any elements of
the system are exposed to freezing temperatures,
then it should be emptied during the winter months
to prevent ice damage.

Cisterns should be watertight (joints sealed with
nontoxic waterproof material) with a smooth
interior surface.

Covers and lids should have a tight fit to keep out
surface water, insects (mosquitoes), animals, dust,
and light.
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12. Release stored water between storm events for the
necessary storage volume to be available.

13. Positive outlet for overflow should be provided a
few inches from the top of the cistern and sized
to safely discharge the appropriate design storms
when the cistern is full.

14. Rain barrels require a release mechanism in order
to drain empty between storm events. Connect
a soaker hose to slowly release stored water to a
landscaped area.

15. Observation risers should be at least six inches
above grade for buried cisterns.

16. Reuse may require pressurization. Water stored has
a pressure of 0.43 psi per foot of water elevation.
A 10-foot tank when full would have a pressure of
4.3 psi (0.43*10). Most irrigation systems require
at least 15 psi. To add pressure, a pump, pressure
tank, and fine mesh filter can be used, while this
adds to the cost of the system, it makes the system
more versatile and therefore practical.

17. Capture/reuse can also be achieved using a
subsurface storage reservoir which provides
temporary storage of stormwater runoff for reuse.
The stormwater storage reservoir may consist of
clean uniformly graded aggregate and a waterproof
liner or pre-manufactured structural stormwater
storage units.

Stormwater Functions and
Calculations

Volume reduction

In order to keep storage costs to a minimum, it makes
sense to size the storage tank so that it does not greatly
exceed the water need. Where this is done, especially
where a high-volume demand greatly exceeds runoff
(e.q., irrigation or industrial makeup water), then runoff
volume reduction for a particular storm can be assumed
to equal the total volume of storage.

Where the captured water is the sole source for a
particular operation (e.g., flushing toilets) the user does
not want the stored water to be depleted before the
next runoff event that replenishes it. In that case, the
appropriate volume to store will be relatively easy to
calculate based on the daily water need. After water
need is determined, use the table below to choose which
structure will be large enough to contain the amount of
water needed. The amount replenished by a particular
storm is equal to the volume reduction.
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4 N

Additional Volume Reduction
Considerations

For storage vessels that are not drained down com-
pletely before the next runoff event, the volume avail-
able to be filled by a particular storm may be difficult
to calculate. Typical LID sizing criteria is based on
the volume that goes to storage during a particular
storm. That volume can be subtracted from the runoff
volume, and the designer/developer can size the stor-
age unit to achieve the targeted volume reduction. But
sizing criteria under these capture and reuse circum-
stances may become need based. The designer/builder
may estimate the volume removal for a particular
storm, but estimates should be realistic given the use
rate and storm runoff frequency. The estimate can

be based on an average available storage capacity or
preferably on a water balance analysis based on actual
rainfall statistics. J

Available Volume for Capture (gallons) = Runoff Coef-
ficient (unitless) x Precip (inches) x Area (SF) x 1
foot/12 inches x 7.4805 gallons/1 cubic foot

OR

V=062xXxCxPxA
Where
V = available volume for capture (gallons)
0.62 = unit conversion (gal/in./square foot)

C = volumetric runoff coefficient (unitless), typically
0.9 to 0.95 for impervious areas

P = precipitation amount (inches)
A = drainage area to cistern (square feet)

Sizing the tank is a mathematical exercise that balances
the available collection (roof) area, annual rainfall,
intended use of rainwater and cost. In other words,
balance what can be collected against how the rainwa-
ter will be used and the financial and spatial costs of
storing it. In most areas of the country, it’s possible to
collect 80 percent of the rain that falls on the available
roof area. (The 20 percent reduction accounts for loss
due to mist and heavy storms that release more rain than
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the tank can accommodate.) (www.starkenvironmental.
com/downloads/Interface_Engineering.pdf) That level
of capture would yield approximately 500 gallons per
inch of rain per 1000 SF of capture area. Table 7.7
includes available capture volumes based on drainage
area and annual rainfall.

Peak rate mitigation

Overall, capture and reuse takes a volume of water out
of site runoff and puts it back into the ground. This
reduction in volume will translate to a lower overall
peak rate for the site.

Water quality improvement

Pollutant removal takes place through filtration of recy-
cled primary storage, and/or natural filtration through
soil and vegetation for overflow discharge. Quantifying
pollutant removal will depend on design. Sedimentation

will depend on the area below the outlet that is designed
for sediment accumulation, time in storage, and mainte-
nance frequency. Filtration through soil will depend on
flow draining to an area of soil, the type of soil (infiltra-
tion capacity), and design specifics (stone bed, etc.).

Maintenance

Rain barrels

» Inspect rain barrels four times per year, and after
major storm events.

¢ Remove debris from screen as needed.

* Replace screens, spigots, downspouts, and leaders
as needed.

* To avoid damage, drain container prior to winter, so
that water is not allowed to freeze in devices.

Table 7.7
Annual rainfall yield (in gallons) for impervious surfaces
Annual Rainfall Yield in Gallons for Various Impervious Surface Sizes and Rainfall Amounts
Impervious Rainfall (inches)
Surface Area (sf) 26 28 30 32 34 36 38 40
200 3,079 3,316 3,553 3,790 4,027 4,264 4,501 4,738
400 6,159 6,633 7,106 7,580 8,054 8,528 9,002 9,475
600 9,238 9,949 10,660 11,370 12,081 12,792 13,502 14,213
800 12,318 13,265 14,213 15,160 16,108 17,056 18,003 18,951
1,000 15,397 16,582 17,766 18,951 20,135 21,319 22,504 23,688
1,200 18,477 19,898 21,319 22,741 24,162 25,583 27,005 28,426
1,400 21,556 23,214 24,873 26,531 28,189 29,847 31,505 33,164
1,600 24,636 26,531 28,426 30,321 32,216 34,111 36,006 37,901
1,800 27,715 29,847 31,979 34,111 36,243 38,375 40,507 42,639
2,000 30,795 33,164 35,532 37,901 40,270 42,639 45,008 47,377
2,200 33,874 36,480 39,086 41,691 44,297 46,903 49,508 52,114
2,400 36,954 39,796 42,639 45,481 48,324 51,167 54,009 56,852
2,600 40,033 43,113 46,192 49,272 52,351 55,431 58,510 61,589
2,800 43,113 46,429 49,745 53,062 56,378 59,694 63,011 66,327
3,000 46,192 49,745 53,299 56,852 60,405 63,958 67,512 71,065
3,200 49,272 53,062 56,852 60,642 64,432 68,222 72,012 75,802
3,400 52,351 56,378 60,405 64,432 68,459 72,486 76,513 80,540
3,600 55,431 59,694 63,958 68,222 72,486 76,750 81,014 85,278
3,800 58,510 63,011 67,512 72,012 76,513 81,014 85,515 90,015

* Values represent the following percentage of precipitation (i.e., runoff coefficient) to account for losses: 95%
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Cisterns
* Flush cisterns annually to remove sediment.

* Brush the inside surfaces and thoroughly disinfect
twice per year.

* To avoid damage, drain container prior to winter, so
that water is not allowed to freeze in devices.

Cost

Both rain barrels and cisterns are assumed to have a life
span of 25 years.

Capacity Cost Range
Rain barrel 40-75 gal. $100-$250
. Varies by manufacturer
Cistern 200-10,000 gal. and material
Vertical storage | 64-12,000 gal $100-$11,000

Residential rain barrel with soaker hose
Source: http://www.urbangardencenter.com/index.html

Designer/Reviewer Checklist for Capture Reuse

Type and size (gallons) of storage system provided:

ITEM*

YES

N/A

NOTES

Capture area defined and calculations performed?

Pretreatment provided to prevent debris/sediment from entering stor-
age system?

Water use identified and calculations performed?

If the use is seasonal, has off-season operation been considered?

Draw-down time considered?

Is storage system located optimally for the use?

Is a pump required?

If so0, has an adequate pump system been developed?

Acceptable overflow provided?

Winter operation (protection from freezing) considered?

Observation/clean-out port provided?

Maintenance accounted for and plan provided?

* These items primarily relate to larger systems, not residential rain barrels.
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BM P FaCt Sheet (Variations \

* Surface non-vegetated

Constructed Filter . Vegetated

] o * Infiltration
Constructed filters are structures or excavated areas containing a layer of

. . . e Contained
sand, compost, organic material, peat, or other media that reduce pollutant ontaine

levels in stormwater runoff by filtering sediments, metals, hydrocarbons, * Linear perimeter
and other pollutants. Constructed filters are suitable for sites without suffi- * Small subsurface
cient surface area available for bioretention. « Large subsurface

» Manufactured filtration systems

Key Design
Features
« Depth of filtering medium 18-30”

 Surface ponding should drain
down within 72 hours (3-6”
ponding depth)

* May be designed to infiltrate

* May require pretreatment for
debris and sediment

* Some systems require suffi-
cient head (2-6 feet)

« Flow splitter or positive overflow
required to bypass large storms

Installation of a sand filter « Requires minimum permeabil-
Source: Rouge River National Wet Weather Demonstration Project ity of filtration medium
T ) i * Underdrains may be needed if
Applications Stormwater Quantity Functions infiltration is infeasible
Residential Limited Volume Low/High* .
g Site Factors
Commercial Yes Groundwater Low/High* » Water table to bedrock depth —
Recharge N/A
Ultra Urban Yes Peak Rate Low/High* e Soils — N/A
Industrial Yes Stormwater Quality Functions « Slope — N/A
Retrofit Yes 1SS High** * Potential hotspots - Yes
Highway/Road Yes TP Medium** e Max. drainage area — 5 acres
TN Medium** -
Recreational Yes Benefits
Temperature Low + Good water quality performance
* Lots of variations for a variety
Additional Considerations of applications
Cost Med/High * Can be used effectively as
Maintenance High pretreatment for other BMPs
Winter Performance Medium Limitations

*  Function is low without infiltration and increases when infiltration is provided * Limited water quantity benefits

** Sand filters only (For filters with infiltration, see Subsurface Infiltration Bed section,
or other infiltration BMP sections. For manufactured systems, see manufacturer’s \ « High maintenance needs
information, as well as results from independent verification.) \ J

 Relatively high cost
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Case Study: Constructed Linear Sand Filter

City of Wayne, MI

This BMP is a two-chambered linear concrete structure that improves water
quality by providing sedimentation and filtration to the stormwater runoff.
The site for this BMP serves a 0.9 acre parking lot at two senior citizen
housing complexes in the City of Wayne, Michigan. The drainage area to
the filter is approximately 0.8 acres. This filter inflow is a sheet flow from
the parking lot through a linear steel grating.

The filter consists of two chambers. The first chamber is a sedimentation
chamber, and the second is the filtration chamber. Runoff enters the filter
structure through grates located in the parking lot next to an existing curb.
The runoff overflows the weir between the two chambers and passes through
an 18-inch sand filtration layer and a four- inch gravel drain bed. A four-
inch perforated collector pipe runs along the length of the gravel layer to
collect the filtered runoff. Geotechnical filter fabric is installed between the
sand and the gravel layers. There is a clearwell chamber in the downstream
side of the structure to capture the filtered runoff from the perforated pipe
and the overflow runoff from the filter overflow weir.

The available depth of storage volume above the filtering material on this
site is 1.8 feet. The width of the two chambers was fixed at 2 feet each. The
design filtering material permeability is 3.5 ft/day. The maintenance of the
filter includes cleaning the filtering material, and possibly replaced, if the
treatment rate of the filter media becomes unacceptable due to clogging. In
addition, the sedimentation chamber must be cleaned as required depending
on the volume of sediments in the chamber.

Sand filter in the City of Wayne, Ml
Source: Wayne County Department of Environment

Case Study Site Considerations
Project Type Constructed filter
Estimated Total
Project Cost $10,000
Maintenance
Responsibility Wayne County
Project Contact Razik Alsaigh, 313-967-2283
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Applicability of sand filters in
the Rouge River Watershed is
considered to be substantial.
Sand filters could be installed
in fully-developed areas in
which land for more con-
ventional and less expensive
BMPs is unavailable. Example
locations could include small
convenience stores, industrial
sites, small tributaries to lakes,
and other identified problem
areas.
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Description and Function

A constructed filter is a structure or excavation filled
with material that filters stormwater runoff to remove
particulate matter and the pollutants attached to it. The
filter media may be comprised of materials such as
sand, peat, compost, granular activated carbon (GAC),
perlite, or inorganic materials. In some applications the
stormwater runoff flows through an unfilled “pretreat-
ment” chamber to allow the large particles and debris to
settle out. Surface vegetation is another good option for
pretreatment, as long as it is extensive enough to protect
the filter from sediment during large storm events. The
runoff then passes through the filter media where addi-
tional pollutants are filtered out, and is collected in an
underdrain and returned to the conveyance system,
receiving waters, or infiltrated into the soil. In general,
constructed filters are best applied at sites without suffi-
cient surface area available for bioretention.

Variations

There are a wide variety of constructed filter applica-
tions, including surface and subsurface, vegetated, and
with or without infiltration. There are also a variety of
manufactured filter products that may be purchased (see
water quality devices BMP). In general, constructed
filters consist of some, if not all, of the following compo-
nents: excavation or container for media, pretreatment,
flow entrance/inlet, surface storage (ponding area), filter
media, underdrain (if necessary), and positive overflow.
Examples of these variations include:

» Surface non-vegetated filter,

» Surface vegetated filter,

Figure 7.17
Vegetated peat filter adjacent to a parking lot

Source: Pennsylvania Stormwater BMP Manual
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¢ Surface contained filter,
* Surface linear “perimeter” filter,
¢ Small subsurface filter, and

» Large subsurface filter.

Surface Infiltration Filter

Filters may be designed to allow some or all of the treated
water to infiltrate. Infiltration design criteria apply for
all filters designed (Figure 7.18) with infiltration. In all
cases, a positive overflow system is recommended.

Figure 7.18
Filter with infiltration to subsoils

Source: Pennsylvania Stormwater BMP Manual
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Surface non-vegetated filter

A surface non-vegetated filter is constructed by excava-
tion or by use of a structural container. The surface may
be covered in gravel, sand, peat, river stone, or similar
material.

Sand filter und