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FOREWORD

Ohio has a legacy of generating national focus on important natural resources and on policy
changesln 1969, Ohio's Lake Erie tributarthe Cuyahoga River, caught on fire shining
negative attention on Ohio's water quality issues and the need for changes in wateNpuljcy.
our region hashe opportunity to become the catalystositivechange and blaze a new trail in
the Great Lakewith renewed attention on the impact of land development and redevelopment

The Lower Maumee and Ottawa Rivers are rich water sources for our régiowaterways are

used for drinking water, fishing, recreation, tourism, and transporattaoh are ley

components to the success of our economy. We have a responsibility to restore and protect our
waterways.

There are numerous sources available for Low Impact Development (LID) techiifiges.
manual merges all thteolsnecessary to implementh bestmanagement practices on a local
level. Great attention wamadeto provide information that addresses local geology, hydrology,
climate, and government structure. The information in this manual will arm local planners,
developers, engineers, policy makemd scientistwith the toolsto make decisions that will
benefit our watershed.

It has been a pleasure to work with American Rivers on promoting LID in the Lower Maumee
and Ottawa River WatershedVe have worked hard to construct quality local eXxasmpnd

form opportunities to share experiences. | commend their eféortisthose of the Joyce
Foundationto assist our region iredudéng our reliance on traditional stormwater practices and
encourage natural approaches to stormwater management.

- Patekka Bannister, Stormwater Coordinator
City of Toledo, Division of Environmental Services
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Introduction

1.0 INTRODUCTION

1.1 Purpose of the Manual

This manual is written to provide stormwater managers and site designers with a common
understanding of Low Impact Development (LID) goals and objectives, site assessment
considerations, and a toolbox of stormwdest ManagementrBctices (BMP) applicablto the

Lower Maumee and Ottawa River watersheds. BMP information includes design guidelines,
specifications, details, and maintenance concerns as well as assistance in selecting the BMPs
based on the unique characteristics of a particular site. Thted¢dm@ical manual and the

information provided is targeted toward engineers, planners, landscape architects, and technical

staff, as well as policy makers and developers.

In addition, this manual wilhelpto foster a watershed approach to improving watedity
within the regionWith this understanding, thmanualfocuseson stormwateBMPsthat apply
across théwo watershedsrangingfrom usingvegetated buffers agricultural areas to

vegetated roafin urban areasiheaspirationis to create a usdriendly watershedvide LID
Manual to help protect the rivers and streams withenLower Maumee and Ottawa River

watersheds.

1.2 Watershed Description

The Lower Maumee and Ottawa River watersheds
are part of the Western Lake Erie Basin in northwe

Ohio and discharge to Maumee Bay in Lucas Cour e ——

Refer toFigurel-1 showing the watersheds within
the basin.

In the Lower Maumee River Watershegriculture

Sidebar 1-1
Watershed Statistics

Lower Maumee River Watershed
Watershed Area: 1,082 mi °
Watershed Population : 295,700
Empties to: Maumee Bay in Lucas

) ) o County

is the predominant land use, although activities ani Land Use : 85% cropland, 9%
infrastructure typical of heavily urbanized areas ar¢ woodland

also present. Of the 2,150 miles of streams in the  LargestCities : Toledo, Defiance,

watashed, 41 percent are designated as impaired,
including the entire main stem of the Maumee Rive
Agricultural practices, stream channelization, and
urbanization have caused the loss of natural featur
which function to attenuate peak runoff, provide
detention, and retain sediment. Loss of these natur.
processes leads to flooding, erosion, degradation ¢
aguatic habitat, and diminished groundwater
recharge.

The land area of the Ottawa River Watershed (180
square miles) is significantly smaller than trenler
Maumee (1,082 square miles) yet the populations .
similar. The Ottawa River Watershed is located alc
the OhieMichigan border and drainsto parts of

Bowling Green, and Napoleon
Counties : Fulton, Henry, Defiance,
Putnam, Hancock, Wood, Lucas

River Watershed
Watershed Area : 180 mi 2
Watershed Population : 219,020
Emptiest o: Maumee Bay in Lucas
County

Land Use : 16% woodland, 15%
cropland, 53% "other"

Largest Cities : Toledo and Sylvania
Counties : Lucas and Fulton (Ohio);
Lenawee and Monroe  (Michigan)

Ottawa

Source:
Western Lake Erie Basin Partnership
www.wleb.org/watersheds/watersheds.html

Lucas, Fulton, Lenawee, and Monroe counties. Firsc

Low Impact Development Manual
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Introduction

second, and many third order reaches ofdttawa River drain primarily agricultural regions
including the following areas: the reaches west of Metamora, Ohio; the Ten Mile Creek reach
north of Sylvania, Ohio extending into southern Michigan; and areas of the southwest portion of
the watershed wesf US 23/Interstate 475 and south of US 20. Portions of the Ottawa River east
of US 23/Interstate 475 and south of the Michigan border run through heavily urbanized areas of

Sylvania and Toledo, Ohio

For more information characterizing these watersheds; to Chapte8.0.

Figure 1-1 Western Lake Erie Basin Watersheds
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1.3 Organization and Use of the Manual

This manual is designed to provide the guidance negesspromote the use of LID throughout
the Lower Maumee and Ottawa River watersheds. It is organized into eight chapters.

Chapter 1.0: Introduction provides information on LID, identifies affected stakeholders, and

provides guidance on how to use thenonl.

Chapter 2.0: Regulationssummarizes the federal, state, and local requirements for managing
stormwater. It also encourages a more stringent goal for stormwater management based on

anticipated federal rulings.

1-2
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Chapter 3.0: Watershed Characteristicsincludes information describing the physical
characteristics of the watershed including soils, topography, geology, land use, hydrology, water
body impairments, and natural resources.

Chapter 4.0: Site Assessment and Planningptroduces the critical eheents to consider when
reviewing a site for development. This chapter also discusses the principals of Better Site Design
and strategies for retrofitting BMPs into existing development.

Chapter 5.0: Stormwater BMP Selectionprovides guidance for selecting stormwater BMPs
based on site characteristics and the effectiveness of the BMP in removing target pollutants.

Chapter 6.0: Nongructural Stormwater BMPs presentdetailedinformationin a fact sheet
format.Each fact sheencludes a BMP descriptionexample application®enefits and
limitations, and managerial considerations

Chapter 7.0: Structural Stormwater BMPs presentsietailedinformationin a fact sheet

format. Each fact sheet includa BMP descriptionexampleapplications benefits and
limitations,required design data, design guidelines, construction considerations, operation and
maintenance issues, and design details and specifications.

Chapter 8.0: Plants for Stormwater Designrecommends native plant spexier the various
BMPs presented in this manual. Characteristics of the plants are also identified such as sun
requirements, salt tolerance, height, showiness, and soil water level requirements.

There are numerous organizations, industries, commurptiegssionals, and individuals who
have an interest in designing and implementing LID practices within their watershed. To
proactively manage stormwater and protect water quality, it will take the support of all
stakeholders involved to successfully cominate, coordinate, and implement LID methods.
Although the entire manual is of interest to everyone involved in this process, the chapters that
may be of the most use to a given stakeholder are identifitabile1-1.

Table 1-1 Use of Manual by Stakeholder

Stakeholder Role in LID EINEWAICIESS Key
Chapters
Local Officials Set policy LID basics 1,2,3
Develop/Update ordinances Potential for cost savings
Achievable performance measur
Planning Review development proposali « LID basics 1,2,3,4
Commission ;
Develop master plans Incorporate LID into master plan
Develop/Update ordinances

Low Impact Development Manual 1-3
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Stakeholder

Role in LID

Key

Primary Interests

Chapters

Staff Planners/ Review development proposalf » LID basics 1,2,3,4,5,
Planning _ . . : 6,7,8
Consultants Review site plans Incorporate LID into site plans

Educate community about LID| ¢ LID design guidance
Engineers/ Design site development Incorporate LID into site plans | 4,5,6, 7,8
Developers/ . . . .
Landscape Review siteplans LID design guidance
Architects Advise planning commissions
Public Works/ Design roads and drains Incorporate LID into site plans | 5, 6,7, 8
Road Commission/ , )
Ohio Department of Implement BMPs LID design guidance
Transportation Maintain BMPs LID maintenance requirements
Citizens/ Implement BMPs on private LID basics 1,2,3,4,5,
Businesses/ ropert : . 6,7,8
e 'F:A Pt .y - Incorporate LID into site plans
Groups aintain S LID design guidance

Promote LID : .

LID maintenance requirements

1.4 Impacts of Development

1.4.1 Hydrologic Impacts

Transitioning from a native landscape to a built environment increases the impervious surface
coverage including roads, parking areas, sidewalks, and rooftops. These alterations reduce,
disrupt, or entirely eliminate native vegetation, upper soil laybedlasv depressions, and native
drainage patterns that intercept, evaporate, store, slowly convey, and infiltrate stormwater. See
Figurel-2. As development progresseise portion of small watersheds contributing overland

flow to receiving waters in minutes increases, while the portion that stores stormwater and
delivers subsurface flow over periods of hours, days, or weeks diminishes (Booth et al., 2002).
This changen hydrologic regime can significantly degrade stream habitat (Booth, 1991).
Recent studies suggest that a subwatershed with as litth® d9percentimpervious cover can
negatively impact the quality of the receiving stream (Schuler et al., 2009).

Low Impact Development Manual
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Figure 1-2 Hydrologic  Regime : Green Landscape versus Urban Landscape

40% Evapotranspiration®*
30% Evapotranspiration*

10% Shallow

Infiltration
§% Deep

Infiltration

*evapotranspiration = evaporation + plant transpiration
or water loss from the earth to the atmosphere

1.4.2 Water Quality Impacts

In addition to impacts on stream health caused by hydrologic regime change, impacts are also
attributed to stormwat pollution. Impervious cover harbors pollutants from a variety of sources

in the urban environment including the atmosphere, lawns, gas stations, parking lots, and streets.
Numerous studies have shown that stormwater runoff typically contains theifigjlpallutants
(Schueler and Holland, 2000):

Sediment from eroded stream banks and construction sites

Nutrients and pesticides from fertilizer and grass clippings left on pavement
Organic carbon from litter

Trace metals (copper, zinc, and lead) pattoleum hydrocarbons from vehicles
Fecal coliform bacteria from pet and wildlife wasaed

Chlorides from road salt in cold climates (SEMCOG, 2008)

During storms, pollutants are washed off surfaces and are rapidly discharged to water bodies. A
sumnmary of stream response to changes in the condition of the watershed are shatde in

1-2. Overall, these changes diminish recreational and econloopigartunities for communities

within the watershed.
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Table 1-2 Degradation of Watershed Conditions and Stream Response

Change in Watershed Condition Response

Increased storm flow volume and rate
networks, road crossingand stormwater )
Increased flooding and property damage
outfalls
Increased channel erosion
Increased fine sediment and urban water pollutant loads
Increased fish passage barriers
Decrease@roundwater recharge
Decreased dry weather flow in streams
Increased temperature of runoff and streams
Increased fine sediment deposition Reduced dissolved oxygen levels in streambed
Loss of fish and macroinvertebrate habitat
Loss or fragmentation afparian areas Reduced delivery of large woody debris
Reduced bank stability and loss of bank habitat structure ar
complexity
Reduced shading and temperature control
Reduced quantity and quality of large Reduced channel stability, sediment storage, instream cove
woody debris fish and insectsandloss of pool quality and quantity
Increased pollutant loads Synthetic organic compounds and trace elements: some a
toxic; tumors in fish; salmon and trout wéllter spawning and
migration behavior in presence of metals as low & afl
lethal concentration; endocrine disruptors
Nutrients: excessive aquatic plant growth; excessive diurna
oxygen fluctuations
Synergistic influence of multiple pollutants unknown
Loss of natural streams due to ditching Permanently removes any ecological benefits they may hay
Increased downstream flooding due to a reduced-c@&stonal
area and reduced channel roughness

Source: Hinman, 2005

1.5 Low Impact Development Goals and Objectives

In response to the detrimental impact of impervious cover on receiving water bodiégd.1D

evolved to become a widespread stormwater management and land development strategy. LID is
applied at the parcel and subdivision scale and emphasizesreation and use of ite

natural features integrated with engineered, sslle hydrologic controls to more closely

mimic predevelopment hydrology. Predevelopment hydrology is described as the hydrology of

an area over the full range of rainfallensities and durations for a predevelopment forested or
prairie condition based on historical records describing that site.
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1.5.1 Low Impact Development Goal

The primary goal oLID is toprevent harm to streams, lakes, wetlands, and other natural aquatic
systens from commercial, residential, or industrial development siiesiccomplish thid,.ID
practices promote fiitration, evapotranspiration, ar@pture and reus#d stormwater runoff

close to its sourcdPractices range from preserving and restoring abteatures to incorporating

rain gardens, green roofs, and other strucBkéiPsinto new site development and

redevelopment projects. Thels®® practices can be used alone, in concert with one another, or
in combination with traditional stormwater praesdepending on the stormwater management
criteria and the characteristics of the site

1.5.2 Traditional Stormwater Management Goal

In contrast to LID, traditional stormwater management practices focus on efficient collection and
rapid conveyance of stormwataway from development to large flood control basins sized to
handle large flood events. While this approach can often mitigate to predevelopment peak flows,
it is usually not effective in removing the volume of stormwater discharge which results in
unnatrally prolonged elevated flows to drain the basin within an acceptable time period. These
elevated flows often exacerbate stream bank erosion and contribute to aquatic habitat loss. In
addition, concentrated discharges at outfalls cause localized staeaangel

Despite the fundamental differences between LID and traditional stormwater management, a
combination of the practices used in these two strategies may be the best approach in meeting
stormwater management quality and quantity criteria for a gien s

1.5.3 Low Impact Development Objectives
To mimic the predevelopment hydrology of a site, LID uses the following objectives:

Minimize total runoff volume

Control peak rate of rungff

Maximize infiltration and groundwater recharge
Maintain stream badéw;

Maximize evapotranspiratigand

Protect water quality

Many of these objectives can be metbinimizing 1) soil compaction2) impervious surfaces,
3) direct connection of imperviowsirfaces, and 4) greenfield disturbance

1.5.4 Benefits of Implementing LID

The benefits of implementing LID practices can be categorized into environmental benefits, land
value benefits, and compliance incentives as studied by the U.S.EPA (U.S.EPA, 2007). The
following list describes the benefits largely accepted by thestng Note that studies

guantifying the economic benefit of implementing LID are recently emerging and are much more
difficult to discern than studies quantifying traditional stormwater management practices.
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Environmental Benefits

Reduce runoff volumeral thus pollutant loadings to receiving streams
Reduce stream channel degradation from erosion and sedimentation
Improve water quality

Enhance the recreational and aesthetic value of t-5

natural resource Sidebar 1-2

Reduce incidence of illness from swimming and Green Values®

wading Stormwater Toolbox

Improve natural fishery health ————————
Increase groundwater recharge For more information on the cost
Increase stream baseflow of figreeno stormwa

Reduce need for stormwater retention facilities ‘S’te;rsrﬁivg:grcsoztg‘;;ad"iog:'to'
Reduce yvater supply treatment costs ht tp://greenvalues.cnt.org/
Reduce incidence of combined sewer overflows

Improve wildlife habitat This Center for Neighborhood

Decrease streamitigation and restoration costs | echnology website hosts
several on -line stormwater

management calculators, which

Land Value Benefits are available to use free of
Reduced downstream flooding and property Sl
damage
Real estate value/property tax revenue
Lot yield

Aesthetic value
Public spaces/quality of life/public participation

Compliance Incentives
Regulatorycompliance incentives

Cost Considerations

The following should be considered when comparing costs between traditional stormwater
management approaches and {d&sed apmaches. This informatigomas well as detailed case
studiesis found inReducing Stormater Costs through Low Impact Development (LID)
Strategies and Practicd ) SEPA, 2007).

Reduced Material Costs

Traditionalapproaches to stormwater management involve conveying runoff to receiving waters,
to a combined sewer system, or to a regional facility that treats runoff from multiple sites. These
designs typically include hard infrastructure, such as curbs, guttergipamgl In contrastLID -

based desigrare designed to use natural drainage features or engineered swales and vegetated
contours for runoff conveyance and treatment.

LID techniquessuch asonservation desigreanreduce the total impervious surface, which
results in reducethaterials needed fooads, driveway lengthscurbs, and gutters. Reduced
material translates te@duced costs. Other LID techniques, such as grassed swales, can be used to
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infiltrate roadway raoff and eliminate or reducke need for curbgjutters,and sewers. 8
infiltrating or evaporating runoff, LID techniques can reduce the size and cost octtiotabl
structures. Note that more research is needed to determine the optimal combiriafion of
techniques and detention practices for flood control.

Be aware thathe use of LID techniques might not always result in lower project costs. The costs
might be higher because of the costs of plant material, site preparation, soil amendments,
underdrans and connections to municipal stormwater systemd increased project

management.

Reduced Land Cost

Another factor to consider when comparing costs between traditional and LID designs is the
amount of land required to implement a management practod. must be set aside for both
traditional stormwater management practices and LID practices, but the former require the use of
land in addition to individual lots and other community areas, whereas bioretention areas and
swales can be incorporated ith@ landscaping of yards, in righa$-way along roadsides, and

in or adjacent to parking lots. The land that would have been set aside for ponds or wetlands can
in many cases be used for additional housing units.

ReducedVaintenance Costs

Maintenance ragrements should also be considemslihough a 1999 EPA report estimated

that maintenance costs for retention basins and constructed wetlands were 3 to 6 percent of
construction cost@nd maintenance costs of swales and bioretention were 5 to 7 percent of
construction costs, there are opportunities to save costs with L$Dliciting volunteers. Much

of the requirements faustaining-ID practices involve routine landscape mainterambich
homeownersneighborhood associatisyor environmental groupsanaccomplish. Maintenance

of ponds and basins often require heavy equipment to remove accumulated sediment, oils, trash,
and unwanted vegetation.

Avoid Stormwater Fees

Municipalitiessometimes charge fees when stormwater mitigation requirements are not met, and
if they do not now, they may in the future. In urban redevelopment projects where land is not
likely to be available for stormwater control, developers can incorporatéispersed LID

practices in sidewalks, courtyards, rooftops, parking lots, and other small outdoor spaces, thereby
meeting the requirements and avoiding fees.
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2.0 REGULATIONS

Stormwater management is regulated in the Lower Maumee and Ottawa River watersheds by
federal, state, and local rules and addresses both water quantity and water quality. Water quantity
rules, often referred to as flood management, haveriuialiy been part of traditional

stormwater management practices and are familiar to many, but water quality rules are relatively
new. It is expected that the present stormwater management regulations will continue to evolve
as stormwater managers learnrenabout efficient mitigation methods and the effects of
development on stormwater runoff and our environment.

Federal regulations were developed for stormwater management and permitting in the early
1990s and expanded over the past two decades to addnsssiction activity, industrial sites,

and municipal stormwater systems. In Ohio and Michigan, the enforcement of these regulations
is delegated to the state. Local governmental agencies are both regulated as permittees and
regulators of stormwater magement in the watersheds. The following summary describes the
applicable regulations and how they might affect the use of LID methods.

2.1 Construction Regulations
Sites that are being developed or redeveloped are subject to the Ohio Environmental Protection

Agency (OEPA) stormwater permitting rulesthe Michigan Department of Natural Resources
and Environment (MDNRE) soil erosion and sedimentation control rules.

Federal and State Regulations

Ohio
TheOhiorules(Ohio EPA Permit No. OHC000008quire the ste owner or developer to file
for permit coveragéefore construction begins. The permit applicatica Motice of Intent

(NOI) that describes the proposed developmEhé developer must also prepar8tormwater
Pollution Prevention Plan (SWPB8jatincludesBMPs for.

Sedimentand erosion contrpl
Controlsfor pollutants other than sedimenasd

Postconstruction stormwatenanagement.

OEPA may ask to see the SWP3 during an inspection or ask that it be submitted to the Agency.
Note that the SWP3 should only be submitted to OEPA if requested. R&fal&R-1 for a

summary of the documentation that is required to be included in the BN§Beers and SWP3
designers have the flexibility to present this information in a wide variety of formats. However
the SWP3 shald contain all the informationecessary for contractors to fully implement the
practices inatimely way. When designing a SWP3, it is important to produce a document that
incorporates effective stormwatgraegy with the site development.
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Table 2-1 SWP3 Documentation

Narrative Information

Copy of permit requirements

Cover page or title identifying the name and location of the site, the name and contact information of
construction site operators, the persesponsible for authorizing and amending the SWP3, the preparat
date, and the estimated dates that construction will start and be complete

Description of the nature and type of construction activistwill occur

Total site area (acres) and siteaaexpected to undergo construction activities (acres)

Runoff coefficients for the preonstruction and post construction condition of the site

The impervious area (acres) created as a result of development, including impervious areas created
within the development

The percent of imperviousness created as a result of development

Describe prior land usemcluding special considerations to be addressed as a result of those prior lan
Include any existing data describing soils or quality of stormwater discharges

Implementation schedule, which coordinates major construction operations wiithpteenentation of
erosion, sediment, and stormwater management controls or operations

A log documenting grading and stabilization activities as well as amendments to the SWP3, which o
after construction activities commence

Name and location of imndéate receiving stream(s) or surface water(s) and the subsequent named re
water(s)

Describe post construction stormwater practices

Inspection reports as requirbg the NPDES permit (see Maintenance Requirements)

Pictorial Information

Sitevicinity map

Limits of earthdisturbing activity, including areas used for borrow or spoil

Soil types for all areas of the site, including locations of unstable or highly erodible soils and depth to
bedrock

ExistingProposectontours, including delineation of drainage watersheds expected during and after m
grading activities as well as the size of each drainage watershed (acres)

Location of surface waters on or within 200 feet of the site, including springs, wetlands, streams, lake

Existing and planned locations of buildings, roads, parking facjldied utilities

Location of erosion control measures (esgeding, matting, rip rap, and mulching) and areas likely to
require temporary stabilization during the course of site dpusdat

Location of sediment ponds, including stormwater management ponds used for the purpose of sedim
control. Note the storage volumes {yelnd drainage areas (ac)

Location of post construction stormwater practices

Areas designated for storagedisposal of solid, sanitaygnd toxic wastes, including dumpster areas, are
designated for cement truck washarnd vehicle fueling
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Narrative Information
Location of designated construction entrances where vehicles will access the site

Location of any irstream activitiesncluding stream crossings

Detail drawings and specifications for all sediment and erosion controls and post construction stormw
management practices

Michigan

Michigan has two statutes/rules (known as Part 31 and Part 91 of Act 451) which are used to
regulateSoil ErosionandSedimentation Contrd SESC) on constructioprojects that disturb

one or more acres. Together these rules require the following:

Develop and implement an SESC Plan and include
any post construction BMPs.

. . . . Sidebar 2-1
Submit a permit application. Refer $adebar2-1 Michigan SESC Permit

for guidance. Guidance

Comply with the permit, including maintaining = —
BMPs, inspecting the site, and stabilizing the site . ction activity
at the end of construction activity. disturbingé

One or more acres or within 500

. . . . feet of a water body must obtain
If you think you need a permit, the best thing to do is a APart 918 per mit

confact the local Soil Erosion Permitting Agency for permitting agency
details on the permitting process. Visit the MDNRE SES _.

. . ~ Five or more acres must
Home Page avww.michigan.gov/deq hen AL an additionally submit a Notice of

list of SESC permitting agencies by county. Coverage (NOC) application, a
location ma p, and a fee to the
Federal MDNRE. Authorization must be

On December 1, 2009, the U.S. Environmentatéttion Leeceig’sed before construction
Agency (USEPA) finalized new standatdscontrol gins:

construction site erosion and sediment dischares.
new rule contains monitoring requirements with a numeric limit on the sediment content
(measured as turbidity) stormwater dischargdbat will take effect in August 02011.The rule
requires a range of erosion and sediment control BMPs, including LID practices such as
minimizing disturbed areas and impervious areas. There are also more stringent requirements for
soil stabilization. These re$ will be phased in, first applying to sites 20 acres and larger, then to
sites that disturbenor more acres. The federal rules must be adopted by the state, including
OEPA andVIDNRE, and thus will apply to the Lower Maumee and Ottawa River watersheds.
More information on the new rules is availablevatw.epa.gov/guide/construction/

Local Regulations

Local regulations including those from a village, township, city, or county may be more stringent
than the state rule and submittal requirements mayfr@ryjurisdiction to jurisdictionThe
developer, stormwater engineer, or site designer should verify regulations and submittal
requirements with the local jurisdiction of the proposed development site.
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Other Considerations

Other federal, stater local rules regarding construction, wetlands, floodplains, endangered

species, or historical preservation could apply. Designers should verify and follow applicable
procedures of local or county zoning andidinig inspectiordepartments, the local $aind

Water Conservation District, the local planning commission offfeecounty Drain

Commi ssioner d6s Ofofri cdehe( Miocchail g aCo uonntlyy )Muni ci pal

LID practices should be incorporated early in the design process, particuadgiyuctural

controls such as phasing construction activities, minimizing soil compaction, and minimizing
impervious area. Some structural controls can be used in the construction phase as well as during
the sitebds occupancy ase)nbdt gensraly tiiepe ovidl he modificasohsr u c t i
needed to accommodate the differences in runoff volumes, sediment load, and maintenance
requirements. These practices should be integrated into the development design documents and
included in theSWP3 QOhio) or SESC Plan (Michigan). More details are providedhapters
4.0and5.00n incorporating LID into the site design and how each practice can be applied.

2.2 Post Construction Control Regulations

Ohio

The PosConstruction Stormvater Management requirements are included as a subsection under
the Stormvater Pollution Presntion Plan (SWP3), Part Il of the Ohio EPA Permit No.:
OHCO0000@, A Aut hor i zveateriDscharge®Asso@ated witmConstruction Activity
under the National Pollution Discharge Elimination System

The purpose of the Po8bnstruction StormvaterManagement requirements is to ensure
protection of the receiving streamds physical
ensure the streamdébs functions are maintained.

Related to post constructiomet SWP3 must include the following:

A desciption of postconstruction BMPs that will be implemented for a construction site

The basis for their selection addressing the projected impacts on the channel, floodplain
morphology, hydrologyand water qualityand

Detail drawings and maintenance @dhat ensure pollutants collected from the BMP
practicearedisposed of in accordaneeth local, stateand federal regulations

Operation ananaintenance of postonstruction practices are required through the valid
expiration date of the Pernby the permitteéexcept for those regulated under simeall
Municipal Separate Storm Sewer SysteordviS4, program) which is followed by the egoing
operation and maintenance by the post construction operator. The permittee is required to
provide a mantenance plan to the post construction operator.

Construction projects that are linear in nature and do not result inrecregse in impervious
surface, such as road resurfacing projents.excluded from the requirements listed in Part
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[11.G.2 of the Permit, provided the project is designed to minimize stream crossings and
disturbance.

Requirements for Large Construction Activities

Large construction includes activities involving a disturbance of five acres or more of land or
involving a disturbace of less than five acrdsut is part of a larger plan of development which
totals more than five acres of land.

Postconstruction BMPs for large construction activities:
BMPs musidemonstrate the ability to detain stormwater runoff to protect stream

channelspreventstream erosion control, and improve water gyal

The BMP nust be sized to treat thWgaterQuality volume (WQv) and must be in
compliancewittOh i 0 6 s Wa ttandardin QACIChapt&7851.

TheWQV shall be equivalent to the volume ahoff from a 0.75nch rainfall(for
approved computation methodedeart I11.G.2.e of the Permit)

TheBMP shall incorporate an additional volume equal to 20 percent of thetd/&low
for sediment storage and/e@duced infiltration capacity

BMPs should be designed according to the methodology included Rathevater and
Land Developmentanual or a rnual accepted for OEPA use

BMPs shall be designed such that the ddawn time is long enough to provide
treatmentbut short enough (average of @48 hours) to provide storage available for
consecutive rainfall eventseferto Table 2 of Part 111.G.2.e of the Permit for specific
BMP draw down times)

Any redevelopmenproject shall implement BMPs such that a 20 percent net reduction of
impervious area is achieved, such that at least 20 percent of the WQV is treated, or provide a
combination of the two.

Requirements foilSmall Construction Activities
Small constructionnicludes activities involving a disturbance of one acre or more but less than

five acres of land and is not included in a larger plan of development totaling more than five
acres of land.

The SWP3 must include a description of measures to be implentertedtrol pollutants from

the site after construction is completed. Structural measures (including velocity dissipation
devices) shall be pl aced .0omReuipdmaatidds G oon stthreu chitdi
Ac t i vin Rait 18.G.2.e of the Pertnior specific practices.

Michigan

Post construction stormwater control requirements for new development and redevelopment
projects in Michigan are specified in the NPDES permit for stormwater discharges from a
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Municipal Separate Storm Sewer System (M&4)t I.A.4. This applies to MS4 owners or
operators that are located in a 2000 Census Urbanized Area and only for projects thatroksturb
acre or more. Within the Lower Maumee and Ottawa River watersheds, this only applies to a
small portion of the OttawRiver Watershed as shownRigure2-1. In summary, Michigan
requires the following:

A minimum treatment volume standarfdl inch of runoff from the entire siter cunoff

from the 90 percent annual nemceedence storm for the region. A minimum of 80

percent removal of total suspended solids (TSS) is required or a discharge concentration
not to exceed 80 mg/L of TSS.

Thechannel protection criteriaequires maintaing postdevelopment site runoff
volume and peak flow rate at or below existing levels for all storm events upttecthe
year, 24hour event.

All structural BMPs shall include a plan for lotgym operation and maintenance
(O&M). The permittee shall delap, track, and enforce a program to ensure-f@nm
O&M.

For more detail concerning the requirements, gowev.michigan.gov/deq c¢cl i ck on fdAwat
Asurface water, 0 and then fistor mwater. o Appro
the develper or engineer should check local requirements.

Local Regulations

Local regulations may be more stringent than the stats.fitle developer, stormwater

engineer, or site designer should verify requirements with the local jurisdiction of the proposed
development site.
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Ohio - Michigan Urbanized Area

Figure 2-1 Toledo,
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2.3 Future Directions

The practice of stormwater management has been evolving over the past few years to focus more
on water quality protection. Federal agencies have promoted LID and are proposing more

regulation; state agencies have begun to require more quanttetfeemance standards; and

some local stormwater authorities are requiring even more extensive use of LID because of its
benefits. Some examples are cited below to provide a preview of the possible coming changes to

stormwater management practice.

The USEPA guidance documektanaging Stormwater
in Your Community: A Guide f@uilding an Effective
Post Construction Program, July 200&commends that

stormwater management agencies develop criteria for =

runoff controls based on rainfall distribution plots or
Rainfall Frequency Spectrum curves. These are plots c
rainfall data thawill estimate the frequency of a given
size rainfall event. The guidance recommends that the
90th percentile rain event should be used for the volum
of runoff to be controlled esite using runoff reduction
and water quality volume treatment. For chdnne
protection, the 99 percentile amount aneyear storm

is the recommended criterion for control. In Tolgtthe@se
rainfall amounts are 0.90 inches (®percentile) and 2.03
inches (9¢h percentile). Refer t&idebar2-2 for more
information on how this was calculated.

Section 438 of the Energy Independence and Security
of 2007 contained a requirement that federal facility
devel opment and redevel oy
site planning, design, construction, and maintenance
strategies for the property to maintamrestore, to the
maximum extent technically feasible, the predevelopme
hydrology of the property with regard to tteemperature,
rate, volume, andduratono f f I ow. 0 | n

a technical guidance document was issued by USEPA
specifies a pgormance design objective of retaining the

Sidebar

2-2 Toledo Rainfall

Frequency Spectrum s

% of All Rainfall

Storm Depth,

Events " inches
99 2.03
95 1.23
90 0.90
85 0.75
70 0.46
50 0.28
30 0.19
10 0.12

1955 to 2009 hourly rainfall record at
Toledo Express Airport (NOAA gauge),
excluding all storms less than 0.10 inches
that were separated lifireeconsecutive
hours from the next storm.Calculation
follows the guidancéy De si gn o f
Stormwater Filtering Syse ms , 0 ( C
1996)

Equal to or less than the given rainfall
depth.

95th percentile rainfall event. Although this law applies only to federal building projects, it
indicates strong support for LID practices at the federal level and is likely to become a standard

used by other ragatory agencies.

In late 2009, USEPA issued a notice that the agency plans to develop neww stilesgthen
stormwater regulationsn newlydeveloped and redeveloped sites
(http://cfpub.epa.gov/npdes/stormwater/rulemaking.cfrm). The notice did not provide
technical details of these rules, but included surveys that indicate that a broad range of

5
[N

s ha

bei ngpastonsi der

techniques, including LID, are

support for LID, one could reasonably assume that the future stormwater regulations will include
LID elements.
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In 2009, West Virginia modified théeneral WV/NPDES Permit for Small Municipal Separate

Storm Sewer Systems (MS4s)include stormwatemanagement system performance standards

for new development and redeveloped sites. The standards are based on the limit of 10 percent of
runoff allowed to flow off the site. A rainfall distribution analysis of West Virginia climate data

(as described in SEPA guidance) determined that thefgfercentile 24our rainfall depth is

1.0 inch, so the standard specifies that runo
evapotranspirate and/or capture and use the first inch of rain frorsh@24torm precedeby

48 hours of no measurable precipitation. o The
standard for redevelopment projects, brownfield redevelopment, high density development,

vertical density developments, and mixed use and trarisiited deelopment.

In the Big Darby Creek Watershed, near Columbus, Ohio, where there is@ulaigl stream

and significant development pressure, the stormwater permit includes post construction

infiltration requirements. The groundwater recharge after nacigin is completed must be

eqgual to or exceed the preconstruction groundwater recharge. The permit specifies that the SWP3
must describe the conservation development strategies, stormwater control measures, and other
practices that will be used to maiimar improve predevelopment rates of groundwater recharge.

There are 11 Minimum Stormwater Management Standards in the Georgia Stormwater
Management Manual. These include use of Better Site Design and other LID practices. The
standard for runoff qualitihas a water quality volume defined as the runoff fromricBes of
rainfall.

The North Carolind&ermit To Construct, Operate and Maintain Impervious Areas and BMPs
Associated with Residential Development Disturbing Less Than 1speefies that stormvier
runoff shall be managed usingin cisterns, rain barrels, or rain gardens; use of permeable
pavement; or othd8MPsthat will control and treat the stormwater runoff from all bugon
areas of the site from the first 1.5 inches of rain.
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Watershed Characteristics

3.0 WATERSHED CHARACTERISTICS

The Lower Maumee and Ottawa River Watersheds lie in the western Lake Erie basin and
encompass portions of nine counties in northwest Ohio and southeast Michigan. The combined
area of the two watersheds is 1,262 square miles with a total population t§ slighe than

500,000. Agriculture is the primary land use activity, although portions of each watershed
contain residential areas as well as highly urbanized @SS USDA, 2005).

This chapter provides a summary of some of the prominent characseoisthe watershed

including land use, soil and geology, topography, weather, population, water bodies, and

impaired water bodies. Planners should reference this chapter and other local planning tools early
in the planning stages of a project to gairoaerview of an area and insight as to which LID

practices may be appropriate. Refer to Chap@rStormwater BMP Selection, to see which

LID practices are favable in particular areaBigure3-1 shows general information about the

watershed.

Figure 3-1 Ottawa River and Lower

Maumee Watershed Map
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Land Use

A 1997 survey by the National Resource Inventory found that the Lower Maumee Watershed is
predominately agricultural (>70 percent) with an additional 9 percent woodland. Urban areas

accounted for 18 percent of land use ankrcent was covered with water with less than 1
percent of the land under the Conservation Reserve Program (NRCS, 2009).

Agriculture plays an equally important role in the Ottawa River Watershed (57 percent) with 8

percent of the landscape consistifigosest. With the inclusion of the City of Monroe,

Michigan, 30 percent of the watershed is an urban mixture of neighborhood, industrial, and

commercial uses (NRGBSDA, 2005). Refer t&igure3-2 showing the land use in the

watersheds.

Figure 3-2 Ottawa River and Lower Maumee Watershed Land Use

Legend

Lower Maumee Watershed
:] Ottawa River Watershed

'D State Line

County Boundaries

Landuse Type

Ottawa
Watershed
Area (ac)

Ottawa
Watershed
Area (%)

Lower
Maumee
Area (ac)

Lower
Maumee
Area (%)

Agriculture

72,209

57%

497.789

72%

Forest

10,303

8%

60,680

9%

Urban

37,289

30%

124,132

18%

Water

689

1%

9.471

1%

Wetlands

5,163

4%

570

0%

Other

457

0%

6,705

1%

Grand Total

126,112

100%

692,642

100%.
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Soil and Geology

According to the Lower Maumee Rapid Watershed Assessiinensoils of the watershed

include glacial till, lacustrine and beach deposits, glacial outwash, recent alluvium, weathered
bedrock, and organic material. The watershed contains 317 different soil types that are nearly
level. Very poorly to somewhat pdgdrained soil{Soil Groups C and Dyredominate but the
watershed also includes areas of sandy soils on beach ridges and flats, organic soils in
depressional glacial till, and sloping erosive s(isil Groups A and B)Some karst features are
found inthe eastern portion of the Lower Maumee Watershed and limestone quarries are
scattered throughout the watershed.

The Oak Openings region of the Lower Maumee watershed encompasses 84,000 acres stretching
approximately 22 miles in a 3 to 5 midde band lhirough Lucas, Henry, and Fulton counties in
northwest Ohio. This region also extends into the Ottawa River Watershed and into Michigan.
Refer toFigure8-1 for a mapshowing the Oak Openings region. This geologically unique area is
composed of a 20 foateep layer of sand deposited from an ancient gltaced lake that sits

atop an impervious layer of clay. The unusual geologic formation of the Oak Openings region
harbors a diverse population of plants that is found nowhere else in the world.

In the Ottawa River Watershed in

Mi chi gands Lenawee
of very deep, poorly drained and very poo
drained, moderately slowly or slowly
permeable soils that formed in lacustrine
deposits. These soils are on lake plains anj
depressionahreas on moraines, outwash
plains, and glacial drainageways. Slope
gradient ranges from 0 to 2 percent. In

Mi chi gands Monroe C
level, somewhat poorly drained to very
poorly drained on lake plains. Soils in
northeast Ohio are a mixwiof very poorly [
to somewhat poorly drained soils that have
been leveled by wave action on a glacial till
plain. Slopes range from 0 to 1 percent.

Courtesy of Northwest Ohio Nature
Scout trail at Oak Openings Preserve

Topography

The LowerMaumee and Ottawa River watersheds are characterized by nearly level glacial lake
plain with a few scattered sandy ridges that are remnants of past shorelines and moraines.
Topographical relief typically varies by less than 10 feet, although beach ridges and moraines
occasionally rise up to 30 feet above the general level of the land3tegpkand slope of the

vast majority of the watersheds is less than 2 percent with most of that falling batveed 1
percent slope (NRCS, 2009). RefefFigure3-3 for a digital elevation model of the watershed.
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Figure 3-3 Ottawa River and Lower Maumee Watershed Digital Elevation Model
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Weather

Although rainfall and temperature varies from region to region aadtp year within the Lower
Maumee and Ottawa River watersheds, the month of June records the greatest average monthly
rainfall (3.8 inches) and the month of February (1.88 inches) the least. Average monthly
temperature also varies over portions of théewsheds with the highest average monthly
temperature in July (83°F) and the lowest in January (16°F). In an average year, 37 inches of
snow falls, usually between late November and early March (Climate of Toledo, Ohio, 2009).

Population

Thepopulationof the Lower Maumee and Ottawa River watersheds is estimated at a little over
500,000 persons. The character of the two watersheds is predominately rural with the vast
majority of the population centered in Toledo, Sylvania, and Bowling Green, Ohio.

Water Bodies

The Lower Maumee Watershed contalfis041 acres of open water and wetland, or about 1
percent of the total area of the watershed. The Lower Maumee also contains 1,935 miles of rivers
and streams. Data from the Michigan Geographic Data Librarjh@n@hio DNR listed 5,852
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acres of open water and wetland in the Ottawa River Watershed or about 5 percent of the total
watershed. The Ottawa River watershed contains 277 miles of rivers and streams.

Impaired Water Bodies

The Ottawa River at Toled®hio, is severely impacted by contaminated sedimeésording

to the Toledo Metropolitan Area Council of Governments (TMACOG@h lsoncentrations of
PCBs and metals in the lower river pose risks to human and ecological health. Contaminated
sediments, espely in the Ottawa River, were a primary reason for designating the Maumee
River as an Area of Conce(MMACOG, 2007) Total Maximum Daily Load TMDL)

monitoring for the Ten Mile CreeWatersheda subwatershed of the Ottawa River Watersised,
scheduledor 2014.

According to the Lower Maumee Rapid Watershed Assessment, the Lower Maumee Watershed
is only beginning to be evalwuated through the
initiated in 2006 to determine if a TMDL stusyasneeded.

The Wdershed Restoration Plan for the Maumee River Area of Concern (Maumee RAP, 2006)
found that the majority of streams in the eastern portion of the watershed are impaired and do not
meet water quality standards. The study found that the large rivers réterddrewater quality

than the smaller streams and impairmeldgrimarily due to nofpoint source pollution,

siltation, and strearalteration.

An example of a stream impaired by Aamint source pollution iSwan Creek Swan Creek is a
subwatershedf the Maumee River and covers portions of Lucas, Fulton, and ldeangies

The Swan CreelWatershed TMDL report was approved by USEPA on January 6, Za&0
impairments are attributed to ngoint source pollutiomnd habitat degradation associatethwi
farming practices and drainage improvements as well as urban land uses. TMDLs were prepared
for nitratenitrite, total suspended solidsscherichia colitotal phosphorus, total copper, total
aluminum, benzo [a]pyrene, ammonia, dissolved solids, siranand dieldrin.
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Site Assessment and Planning

4.0 SITE ASSESSMENT AND PLANNING

When considering whether and how to apdlp techniques to a specific site, the owner or
developer should think of these practices as tools in a tool box. Before picking oytaméolohs
to understand the job being dos®me tools will work better than others in a specific situation,
just as some LID practices work better than others for specific site conditidiegh cases, one
should start with planning the work to be done rather than picking out a tool.

Early planning makes the use of LID easier, less expensive, and more effective. It will also help
to think of LID as more than a stormwater management method. There can be multiple benefits
from LID, such as community beautification, job creation, reduced emigiangh less

mowing, mitigating the urban heat island effect, and lowering costs with a sustainable approach.

The process of implementing LID is outlined in Secdoh Better site design principles are
presented in Sectich2, and Sectiod.3addresses planning for retrofits to existing stormwater
systems.

4.1 Site Assessment for New Development and Redevelopment

4.1.1 LID Implementation Process

The following details the LID implementation process for new development and redevelopment
as a series of steps. The process begins with site analysis and continues through design and
installation and finally to ongoing operation and maintenance. Alleo$taps are important, but
analysis, especially identifying and prioritizing objectives, is the basis for all of the others
(ODNR, 2006; SEMCOG, 2008; Weinsteet,al, 2009).

Site Analysis

1. Identify and prioritize the objectives for LID on the site. Eabjective should be linked to a
rea®n (driver) or desired outcome. Drivers miaglude protecting the environment,
reducing project costs, or meetirggulatory requirement&®egulatory requirements include
combined sewer overflowitigation, impervios area limits, MS4 stormwater permit
compliance, and TMDL implementation. Refer to ChaptérRegulations, summarizing
criteria that may be warranted or reqdifer designing postonstruction BMPs. Desired
outcomes may include reclamation of abandoned lots, comrAunitying, flood control,
water reuse, improved water quality, job creation, and historic preservation. Consider
watershedvide goals, but also I&ofor opportunities on and near the site that will make
some LID practices more feasible, such as planned street and utility upgrades that could
reduce construction costs, urban gardens that could use water collected on site, and the
possibilities for linkages to other LID or open space systems.

2. Characterize the site to identify constraints to and opportunities for the application of LID in
terms of the objectives and intended land use.
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a. Define the development features, the existing an
proposed land uses, the land areas to be disturb
and the areas that affect site hydrology
(subwatersheds). Perform a preliminary hydroloc™ =
analysis for the preonstruction and post The LID process seeks to mimic

construction caseRefer toSidebard-1. or restore the predevelopment
hydrology through runoff volume
b. Inventorynatural resources such as waterways a control, peak runoff rate control,

drainage areas that drain to or receive runoff fror flow frequency/ duration control,

Sidebar 4-1
Hydrologic Analysis for LID

the site; soilsbuffers, slopes, groundwater, and water quality control.
Wetland_sand neassurface geology; wildlife rad The low -impact hydrologic
vegetation.

analysis uses site topography
c. Document mammade features such as utilities, ('{“F;etrv"“i?”etss’t . ?rﬁa' slopes,
. -+ . €lC.) to estimate the 1oliowing
publ!c uses, and roadways on and near t_he site; AT T e ST -
appllg:a_lb_le stormwater management, zoning, anc construction) and proposed (post
subdivision regulationss well asfuture plans for  construction) conditions:

changes to these.
. . . Volume
3. Evaluate candidate practicleg developing a Rate of Discharge

conceptual design that merges the drivers and goals ¢ Temporary and Permanent
with the site constraints and opportunities. The desi¢  Storage

should include both nonstructural and structural BM| et et et o i
that are c_ho‘sen to laddress the objgctlvgs and. Site  Jocument Low "
characteristics. This prose may be iterative, with Developmen t Hydrologic
some practices being rejected and new ideas addec Analysis, by Prince Georges
their interactions are considered in more detail. The County, Maryland, July 1999
conceptual desigshould include a cost analysis for ~ WWw-epa.goviowow/nps/lid
the BMPs in the context of the goals and site Nid_hydr.pdf
characteristics. This ay be done using simple cost
estimation procedures or with models such as
USEPAGs SUSTAIN (System for Urban Stor mwater
Treatment and Analysis Integration) or the Water Environment Research Foundation BMP

and LID Whole Life Cost Tools availablewatvw.werf.org/bmpcost

4. Public outreach and involvement, including coordination with regulatory agencies, is
encouraged on all sites early in the planning process, but especially where the LID practices
may be particularly visible or affect neighboring properfildse owner or developer may
uncover opportunities or find reasons to modify the apprbgdoliciting input from the
public. This effort should continue through construction and into the operational phase.

Design and Installation

Beginning with the concepal designthe designer should further define the location and sizing
of the BMPs using the project goals, site constraints, and more detailed analysis of the planned
development. In general, the following principles apply (ODNR, 2006):

1. Reduce totalsite impervious areas
2. Integrae preliminary site layout plan
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Minimize directly conneted impervious areas
Modify/Increase drainage flow patterns
Compare preand postdevelopmenhydrology, and identify LID BMPs

2 O

Complete site plan

The process of BMP seligan is discussed in more detail in Chagdd) Details of the BMPs
and design considerations for each are provided in Cha&jp@aad?7.0.

During design, maintenance of the BMP should always be considered. Owners of the BMP
gererally want a facility that is easy and ce$tective to maintain. Considerations should
include the need for specialty equipment, availability of manpower (both paid and volunteer),
access, cost of trash/sediment disposal, frequency of maintenancetemdpcost of

component replacement such as plants or soil.

LID practices can be simple compared to traditional (gray) methods, but require just as much
care in the installation phase. BMPs can be damaged by common construction practices, such as
compacting soils by using heavy equipment or working in saturated conditions. Construction
oversight and inspection by the designer is recommended for quality control and assurance.
Public outreach should continue during design and installation. Regdléanaely

communications with regulatory agencies and neighbors are especially important as these
innovative and unfamiliar practices are put in place.

Operation and Maintenance

Similar to having an operation and maintenance (O&M) plan for traditional witen systems,

water quality BMPs must also have an O&M plan. Owners should establish an O&M plan that
describes the procedures for routine maintenance, corrective actions and repairs, and the agency
or persons responsible. The fact sheets in Chap@end7.0include O&M guidance. An

O&M budget should be developed and adequate funding set aside.

Monitoring is an important part @&M . The type and frequency of monitoring will depend on

the funds available and the types of BMPs, but should at a minimum include regular inspection.
The maitoring results should be documented and reviewed at least annually to determine how
well thesystemgoals are being addressed. Besides detecting malfunctions, monitoring can also
highlight potential BMP improvements that could enhance effectivenesgdumer©&M effors.

Public outreach should continue during operation to avoid misunderstandings of these often
unfamiliar practices. This outreach may include signs, posters, a website, presentations to
community groups, and informal discussions with ieséed neighbors and the general public.
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4.1.2 Special Planning Considerations

When planning to use LID on a new development or redevelopment site, the following issues
merit special consideratian the Lower Maumee and Ottawa River Watersheds:

Low-Permeability Soils Contrary to common perception, LID practices for stormwater
management can be successfully implemented in areas with clay soils of highly
compacted urban soildnfiltration can be promoted by incorporating subsurface storage
beneath an infiltrdgon practice (bioretention, bioswale, pervious pavement, etc.) and
minimizing surface storagelhe depth of surface storage should allow for no more than
can draw down below the soil surface within 24 ho@ternatively, infiltration practices
can be mdified with an underdrain so that, despite the infiltration rate of the soil or the
depth of ponding, the runoff will draw down within 24 houRefer to Chapters 5.0, 6.0,
and 7.0 for more detail about selecting and designing BMPs ipé&meability sds.

High Groundwater Table: High water table, even seasdgatanrestrict the use of
BMPs that infiltrate runoff or use underground structui2spending on the BMP and the
site conditions, designers shouldyidefor 2 to 4 feet of separation betwettie bottom

of theBMP and the top of the seasonally high water table elevatiosit®@soil

evaluation by a qualified professional is highly recommended.

Building Foundation and Structures. BMPs should be locatesb that they do not cause
water to enterocollect near théoundations of buildings or other structutbat could be
damaged by water

Deed Restrictions on Private Property Deed restrictions may be needed, along with
homeowner education programsensurehat BMPsare maintainedn privatelyowned
individual property parcels

Zoning Variances Variances from zoning, subdivision, building, stormwater
management, and drainage regulations may be recdoirddwnspout disconnection,
impervious area reduction (parking lots, road htetc.) and othérilD BMPs

Snow: A reasonable amount of snow storage (2 to 3 feet) is acceptable in an LID facility
but the designer should be aware that a large pile of snow could cause soil compaction
and stunted plant growth due to the weight ofsthew and a concentration of-aéng

salt, respectively.

Public Health: Publichealttae genci es can hel pconcesnsabdutl r e s s t |
West Nile Virus and other mosquibmrne disease®.ools of water that persist for days

or weeksmay serve as thereeding ground for mosquitoes. Proper destgnstruction

and maintenancef stormwatemanagement facilitiegs well as education and outreach,

are neded tominimize or eliminate this issue.

Maintenance AccessEasements may be necessary to givedmemunity access for
maintenance oBMPs.
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Contractor Bids and Guarantees Obtaining
reasonableontractomids and performance
guaranteemay be an issu®r someBMPsdue to
lack ofexperience andtandard construction and
material specifications.

Planning orredevelopment siterequires further
consideration as follows:

Prior land use of a site can pageecial challenges
for the SWP3 designdrefer to Chapte?.0).
Redevelopment sites witirior industrial land use
may contain contaminated soils or groundwater,
old landfills, underground fuel tanks, abandoned
natural gas or oil wells, acid mine drainage, etc.
The SWP3 must address these special conditior
Discharging runoff from these a®is typically

not permitted, sthe SWP3 must find ways to kee
the runoffon site or provide treatme(@DNR,
2006) In most cases, additional permits must be
obtained from the Ohio EPA, the Ohio Departme
of Natural Resources or the®JArmy Corps of
Engineers to disturb soils within such areas. Wh
planninga redevelopmenbe sure to contact these
agenciego determine potential concerns

Redevelopment sites also typically contain existi
drainage systems. Even in cases when the exist
system will be removed and replaced with a new
one, there is typically a time periodring which
disturbed soils can enter the old system. The S\
designer must assure that practices are in place
control runoff throughboththe newand existing
systens until the old system iao longer
functional.

Although redevelopment sites mpgse special
environmental problems, there are benefits to

Sidebar 4-2 References for
Ordinance and Code Review
Methods

American Rivers:

Local Water Policy Innovation: a
Road Map for Community Based
Stormwater Solutions (2008)
www.americanrivers.org/librar
ylreports - publications/local -
water -policy -innovation.html

Center for Watershed Protection
Better Site Design: A Handbook for
Changing Development Rules in
Your Community  (1998)
WWW.CWP.O0rg

Southeast Michigan Council of
Governments (SEMCOG):
Opportunities for Water Resource
Protection in Local Plans,
Ordinances, and Prog rams: A
Workbook for Local Governments
(2002)
http://library.semcog.org/Inm
agicGenie/DocumentFolder/W
aterQualityWorkbook.pdf

USEPA:

Model Ordinances to Protect Local
Resources
www.epa.gov/nps/ordinance/
mol3.htm

Water Quality Scorecard (833
09-004)

htt p://cfpub.epa.gov/npdes/g
reeninfrastructure/munichand
book.cfm

-B-

redeveloping propertysuch asutilizing the existing infrastructure. Since much of the

basic infrastructurserving the site may already be in place, it may significantly reduce
the cost of dedepment.In addition,infill development does ricreate additional
imperviousarea in the watershed and preserves rural open spacerantlinities.

Forindustrialredevelopment sites, Ohio EPA has developed the Voluntary Action
Program (VAP)n an attempto remove the environmental and legal barriers that have
stalled redevelopment and reuseoftaminated properties. For more details, contact

Ohio EPA.
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4.2 Better Site Design

Planning and design are critical to the
successful implementation of LID, but
are limited by codes, ordinances, and
standards that were developed for
traditional (norsustainable)
development practices. Better Site
Design:A Handbook for Changing
Development Rules in Your Community
(1998) the Center for Watershed
Protection (CWP, 1998) described an
evaluation of impediments to better
development and suggested ways to
modify rules to remove those barriers.
The proposed chaeg are based on the
following model development

Figure 4-1 Street and Lane Width S
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principles, categorized in three areas or Source: Kulash, 2001
Asuburban habitats; o Resi denti al Streets
and Parking Lots, Lot Development, and Conservation of Natural Areas. These principles
describe the design objective. Congbe Handbook for more details on each principle.

Residential Streets and Parking Lots

These principles focus on those codes, ordinances, and standards that determine the size, shape,
andconstruction of parking lots, roadways, and driveways irstieirban landscape.

1. Design residential streets for the minimum required pavement width needed to support travel
lanes;onstreet parking; and emergency, maintenance, and service vehicle access. These
widths shouldbe based on traffic volumBefer toFigure4-1 for street and lane width
recommendations.

2. Reduce the total length of residential streets by examining alternativel ay@és to
determinghe best option for increasing the number of homes per unit length.

3. Wherever possible, residential street righivay (ROW) widths should reflect the minimum
required tcaccommodate the travelay, the sidewalk, and vegetated open channels. Utilities
andstorm drainshould be located within the pavement section oRO&V wherever
feasible.

4. Minimize the number of residential streetnarounds (cutle-sacs)and incorporate
landscaped areas to redubeir impervious cover. The radiustofnaroundshouldbe the
minimum required to accommodamergency and maintenance vehickester toFigure
4-2 for various turnaround configurations.

5. Where density, topography, sqitnd $ope permit, vegetated open channels should be used
in thestreetROW to convey and treat stormwater runoff.
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6. The required parking ratio governin Figure 4-2 Turnaround Configurations
a particuladand use or activity

should be enforced as bath
maximum and a minimum in order t R
curb excess parking space 5
construction. Existing parkingtios
should be reviewed for conformanc
taking into account local and nation
experience to saklower ratiosare
warranted and feasible.
7. Parking co.des sho_uld be revised to 20'-24' 09424
lower parking requirements where
mass transit is available enforceabl

shared parking arrangements are
made.

8. Reduce the overall imperviousness Circular and off-center turnarounds
assocated with parkindots by

providing compact car spaces,

minimizing stall dimensions,

incorporating efficient parkintanes,

and using pervious materials in

spillover parking areas.
9. Provide meaningful incentives to

encourage structured and shared

22'-24'
b

parking to make it moreconomically
viable. a

10.Wherever possible, provide Circular turnaround with center island

stormwater treatment for parking lof 60’
runoff using bioretention areadfer \‘—,J
strips, and/or other practices that ce
be integrated into required
landscping areas anttaffic islands.

22
B .

\ 60’

Lot Development 0p1_24" 2224
Principles 11 through 16 focus on the \
regulations which determine lot sizet T-and Y-shapedturnarounds

shape, housing density, atiek overall

design and appearance of our Source: Kulash, 2001

neighborhoods.

11. Advocate open space development that incorporates smaller lot sizes to minimize total
imperviousarea, reduce total construction costs, conserve natural areas, provide community
recreational spacand promote watershed protection.
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12.Relax side yard setbacks and allow narrowe
frontages to reduce total robehgth in the
communityand overall site impergusness.

Relax front setback requirements 10 min iz

driveway lengths anteduce overall lot
imperviousness.

13.Promote more flexible design standards for
residential subdivision sidewalks. Where
practica, consider locating sidewalks on only
one side of ta street and providing common
walkwayslinking pedestrian areas.

14.Reduce overallot imperviousness by
promoting alternative driveway surfaces anc
shared drivewaythat connect two or more
homes together.

15. Clearly specify how community open space
will be mammged and designate a sustainable
legal entityresponsible for managing both
natural and recreational open space.

16. Direct rooftop runoff to pervious areas such
as yards, open channels, or vegetated area:
and avoidrouting rooftop runoff to the
roadway and th stormwater conveyance
system.

Conservation of Natural Areas

The remaining principles address codes and
ordinances that promote (or impede) protection
existingnatural areas and incorporation of open
spaces into new development.

17.Create a variableidth, naturally vegetated
buffer system along all perennial streams th
alsoencompasses critical environmental
features such as the g6ar floodplain, steep
slopes andreshwater wetlands.

18.The riparian stream buffer should be
preserved or restored Wihative vegetation
that can benaintained throughout the
delineation, plan review, construction, and
occupancy stages development.

19. Protect natural areas with a conservation
easement. A consation easement is a

Sidebar 4-3 Incentives for
Conservation Development

Density Compensation
residential densities
implementation of LID t

- Allow greater
with the
echniques.

Buffer Averaging - Allow developers to
narrow the stre am or riparian buffer width

at some points if the average buffer width
and the overall buffer area meet the

minimum criteria.

Property Tax Reduction - Reduce or
waive property taxes on an LID project for
a given number of years.

Stormwater Credits - Projects that
infiltrate X % of stormwater receive up to
Y% reduction in the stormwater utility fee

By -Right Open Space Development -
When open space development is by -
right, an open space plan that meets the
requirements of the ordinance goes
throught he same permit and approval
process as a conventional development.
The by -right form of development
prohibits denial of an open space plan in
favor of a conventional plan assuming the
open space plan meets the provisions of
the ordinance.

Off -site Mitigati on - Restoration,
creation, enhancement, or preservation
occurring outside a project boundary, but
within the same watershed.

Natural Area Conservation Credit -
Credit may be granted when undisturbed,
natural areas are conserved on a site,
thereby retainin g their pre -development
hydrologic and water quality

characteristics.

Environmentally Sensitive

Development Credit - Targeted toward
large lot residential developments that
implement a number of Better Site Design
practices to reduce stormwater discharges
from the development as a whole.

Public Recognition - Emphasize LID
projects on website, at Council meetings,
and in utility mailers.
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voluntarylegal agreement between a lamcher and a land trust or a government agency that
permanently restricts development on private property. This is a valuable tool in protecting
natural or traditional use (farming) areas from future development. The conservation
easement process may alsoyide the property owner with a tax benefit.

20.A land donation can also be used as a conservation tool. By donating a piece of property to a
conservation organization, the donator can
contribution. A possiblerawback is that grantee may petition to have the land removed from
the tax rolls and opt instead to only pay any future special assessments. The land, however,
will remain protected in perpetuity.

21.Clearing and grading of forests and native vegetatiansée should be limited to the
minimumamount needed to build lots, allow access, and provide fire protection. A fixed
portion of anycommunity open space should be managed as protected green space in a
consolidated manner.

22.Conserve trees and other vegiigtn at each site by planting additional vegetation, clustering
treeareas, and promoting the use of native plants. Wherever practical, manage community
open spacsstreet rightsof-way, parking lot islands, and other landscaped areas to promote
natural \egetation.

23.Incentives and flexibility in the form of density compensation, buffer averaging, property tax
reduction, stormwater credits, and-ight open space developmédrafer toSidebard-3 for
definitions)should be encouraged poomote conservation of stream buffers, forests,
meadows, andther areas of environmentadlue.In addition, oftsite mitigation consistent
with locally adopted watershed plans shoulcebeouraged.

24.New stormwater outfalls should not discharge unmanaged stormwater into jurisdictional
wetlands solesource aquifers, or sensitive areas.

4.3 Retrofit Strategies

When a site is being developed for the finste or extensively redeveloped, there are multiple
opportunities to install BMPs. However, many opportunities also exist on sites not undergoing
development. To address these developed sites, BMPs can be added to the existing infrastructure.
Examples othis process, known as retrofittingclude permeable driveways, curb extension

rain gardens in streetsioretentionin landscaped areas, enhanced detention basins, downspout
disconnectionand vegetatroofs.

Retrofitting can be challenging due tetlack of available space; the need to avoid or relocate
structures and utilities; and maintenance of access for parking, pedestrians, and site users. On a
unit area basis, LID retrofitting can be more expensive than implementing the same BMPs as
part of adevelopment plan.

However, stormwater management issues are so prevalent in the watershed that they will not be
adequately addressed if sustainable approaches are confined to new development and
redevelopment sites. LID is wedlited to meet the retiittfing challenges because there is a

diverse list of BMPs, they are adaptable in size and shape, and they can improve a site by adding
aesthetic value. When retrofitting can be implemented as a component of another public works
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project (partner project)ush as a road reconstruction or utility line installation, the costs and
complexities can be shared. The LID components could be an added feature of a planned partner
project, falling into that project ®sxteosion gi nal
rain gardens in a reconstructed roadway. In some cases, the LID project could be the starting

point that makes the partner project more feasible, such as a greenway or trail along a protected
riparian area. Retrofitting opportunities will regricareful site characterization, especially in the

areas of existing regulatory requirements and site owner/user constraints.

In some cases, such as when LID is especially compatible with the existing site use or provides
desired benefits, retrofittingan be easier than new development/redevelopment approaches. One
example would be the retrofitting of an existing dry detention basin to a retention basin or
extended dry detention basin through planting and hydraulic modifications that improve habitat
andwater quality for the receiving stream. The detention basin site configuration, accessibility,
and established use as a basin would make installation of a retention basin there much simpler
than converting another property. The capital costs of retngfittould be recovered over time
through reduced turf mowing costs. The Center for Watershed Protection has developed a
Manual on Urban Stormwater Retrofit Practic@art of the Urban Subwatershed Restoration
Manual Series, which describes the procesdattifying, planning, and designing retrofits that

will fit into the existing infrastructure and improve water quality sustainably.
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5.0 STORMWATER BMP SELEC TION

Selection of the BMP® use on a specific site should begin with the objectives and site
characteristics and then match them to the capabilities of the BMPs. The toolbox analogy applies
herei plan and define the work to be done before picking out the tools to do the job.

Ead BMP has limitations, advantages, and associated costs to be considered. The following is a
guide to the considerations a designer should use when selecting BMPs for a specific situation
and is adapted from the Michigan LID Manual (SEMCOG, 2008). RefEahle5-1 for a

matrix to assist in selecting appropriate BMPs for a given set of site characteristics.

Nonstructural BMPs Sidebar 5-1 Cluster Development

The process of BMP ketion should begin with  p———
nonstructural BMPs. These loweost, highly
Cluster development, or open space

effective practices should be the first measures q . i

. evelopment, incorporates grouping new
apply to the design. Common nonstructural homes onto part of a development
BMPs include minimizing soil compaction and  parcel so that the remaining land can be
impervious area, protecting sensitive aread, an preserved as open space. This provides
disconnectingtormwateisourcesNonstructural ~ an attractive living environment which
BMPs should be evaluated in the context of the "2 TZe4€ the value of the
analysis of drivers, goals, and site characteristit PIOPETHES.
discussed in ChaptdtO. The BMP selection may - National Association of Home Builders
be guided by the following questions and issue:

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

What natural featres are on site?
thorough site inventory will provide the

Image Source: Pennsylvania Department

. . . of Environmental Protection
necessary information to assess the abil yy.dep.state.pa.us/earthdaycentral

to implement many of the BMPs, /00/poster_annotations.htm
including preserving sensitive and
riparian areas.

What local, county, state, and other regulations need to beAneAew of local,
county, state, and other regulations can also provide guidance on selecting the right mix
of nonstructural BMPs.

Chapter6.0 provides nonstructur&MP fact sheets. Each provides an overview of the BMP
along withdesign guidanceand should be reviewed and applied to the site as part of the BMP
selection process.
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Structural BMPs

Once each of these nonstructural practices has been investigated & apjpé hydrologic
analysis should beonductedo quantify the amount of additional stormwater management
neededo meet the requirement or to compare to the predevelopment hydrologic coMlition
this knowledgethe network ofstructural BMPsgeeChapter7.0) can bedesigned.

LID involves planning efforts that first prevent as mgtbrmwaer runoff as possible on a site,
andthen mitigateas efficiently @ possiblethestormwatethat doesunoff. Selecting BMPs
which accomplish asany stormwater functions as possible is importdntitiple BMPs
integratedntoa fit r e at mag Imetneeded ® meebthe goklsr exampleproprietary
water qualitydevices andonstructed filterssuch as a pocket sand filtarg often used in
treatment trains tpre-treat runoff beforét entersan infiltrationdriven BMP. In addition,
bioswales andilter strips link well withbioretention, infiltration trencheandstormwater
wetlands irtreatment trains.

Not all structural BMPs are appropriate for eate Selectng from the largeand eveigrowing
list of structuraBMPs can be complicatedhe successful design process requires balancing
technicaland nonteknical factorspotential applications, stormwater quality and quantity
functions, cost, maintenance, and winter performémceach BMP SelectingBMPs requires
balancing numerous factors, includithg following:

Figure 5-1 Structural BMP Selection Factors

e Runoff quantity
ﬁpﬁl'czb'lw and runoff
Ml e quality needs
Aesthetic/Habitat \ / Close to source
related issues
Structural
Mait BMP Selection
aintenance Maximize dual use
issues Factors
Construction Site factors

considerations

Costs

Source: SEMCOG, 2008
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Runoff quantity and runoff quality needs

BMP selection is often based on thesired removal gbollutans and stormwater runoff. For
example, in areasith high phosphorusunoff, infiltration BMPs arexcellent choices for
removing phosphorus as longahber selection criteria (e.g., site factors) allow for these
techniquesTable5-1 provides guidance relatingp BMP performance in terms of runoff
volume,groundwater recharge, peak rate, and water quéditsl suspended solids, total
phosphorous, nitrogeand temperature).

Close to source

Manage stormwater runoff as close to therse, ororigin, as possible. Implementing this factor
will vary by site and by the proposed development. For exarmigkeibuted bioretention
facilities in network with bioswales in a new development can reduce costs by reducing the
network of storm seweipes and the size of the eafipipe flood storage.

Maximize dual use

Consider integrating stormwater managementateady disturbed areas (e.g., stormwater
recharge bedlseneath parking areas, play fields on infiltration basifisis can minimizedtal
disturbed area and, in soroases, provide recreational opportunities for resgdenemployees.

Site factors

Each site should be inventoried for certain characteri@igs, soil type, depth to water table,
slopes) whiclshould be incorporatedto the BMP selection procedsor example, some sites
might be characterizdaly a high water table, surface bedrock, or extrersiely-draining soils,
which would make using infiltratioBMPs challenging.

Costs

BMP costs include both construction dodg-termmaintenance activities. Costs are often
related to theize and nature of the developmérdble5-1 provides relative cost information.
Constructionand mantenance costs tend to be site and developspeific.

Construction ©nsiderations

Many BMPs have construction guidelines to prowadditional guidance. For example, locating
and properlyusing excavation equipment is critical during construatibimfiltration BMPs to

avoid soil compactiorSpecifying proper construction materials is also critical, such as requiring
washed aggregate in any structural BMP.

Maintenance issues

Ease of maintenance and needed repairs are crstads to consider in seteng a BMP. Some
BMPsrequire greater maintenance to function propéttywever, they may also achieve greater
stormwatequantity and quality goals specific to thige objectives. Vegetated BMPs require
various types of landscapare. Structural BMRsuch as pervious pavemergquire periodic
vacuuming, while infiltratiortrenchesand dry wells are likely to require little maintenance.
Some BMPs, especially those with plantingsy naturally improve ingrformance over time as
vegetation grows and matures. In any case, maintemaaderessetbr each BMPn Table5-1
and in the Chaptef.0fact sheets.
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Aesthetie/Habitat-related issues

Landscape enhancement is becoming an-greatergoal in most communities and
developments. In sonwses, developers are willing to pay for BMPs wisietve to makéheir
developments more attractive antprove value and marketability. For example, igandens
make yard areas more attracti@@ormwatemetlands, naturally planted swalésoretention,
vegetated roofs, and many other BMPs loanntegrated into lalscape design and create value
in addition to solving stormwater problems. In additioany of these BMPs add habitat value
and provideother environmental benefits.

Applicability by land use

Some land uses lend themselves to certain BMPs.demsity esidential development lacks
large congregatparking areas conducive to pervious pavement wfthration. Conversely,

rain barrels are especially gofut residential usevhile larger cisterns are better for
commercial/industrial buildingSuccessfuLID programsstrive to match the BMP with the land
use and user typasindicated inTable5-1.

Cold climate considerations

Another important design consideration is howBhP will function in our cold climate.

Critical aspects of winter conditions are extremely cold temperatursdajreed cold periods, and
polluted snowmelt, as well as a short growing season. 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 deep®a enore 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
inthesnowpack all winter, as well as materi al
Chloride is the cause of many problems associated with snowmelt runoff. Chloride is a very
soluble chemical that migrates easily through treatment systems arkbs@tluce damage to

LID BMPs, avoid oveapplication of chloride and route runoff properly.
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Table 5-1 Low ImpactDe  velopment BMP Selection Guide

Sl = Watershed -
water Stormwater Quality Other Selection

: Specific ;
(Ignlj;:(t:lg Impacts Performance Indicators

Land Use Applications
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S 0O = 3} = o o £ = = @ [} o8 Og o ]
< O £ r ) r o< o z [ o O I+ T =
Protection of Natural
Features/Sensitive Area NOTES:
! Reported as N©
4 Tree Canopy Ny lum]| Y [um| v z Rain Barrel- LOW; Cisterni HIGH o _ _ o
% S : Most any BMP can be designed to function in clay soil by using an underdrain or limiting the pon
= Minimize Impervious Y vy |um| Y [um|um |, depth. N N . - .
= Surfaces Instead of providing a minimumot separation of the facility from the water table, an impermealt
58 Stormwater liner with an underdrain could be used. The proximity of the water table to the ground surface d
S (e . Y|Y |LM|Y |Y Y . o ; .
=l Disconnection whether locating a facility there is worthwhile.
28 Conservation ® BMPs must use an impermeable liner with an underdrain so infiltration does not occur.
=8 | andscaping Technigue YIY | Y Y |LIM |LIM |y=yes: N=No; LIM=Limited; L=Low; M=Medium; H=High; VAR=Varies;
P ; N/A=Not Applicable
M|n|m|ze_SO|I vivium !l v v | LM
Compaction
Bioretention YIY| Y |Y]Y]|Y | MH M H M M H M Y | LM* | oY® M M
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Dry Wells Y| Y |LM]|Y N | LIM M M H M/H L H H LIM N N L/M M
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vat/grt?r - Stormwater Qualit UUELEIETEE
y Specific

lQnL]Js;lgg Impacts Performance

Other Selection

Land Use Applications Indicators

&

Performance
Maintenance

o
S
=
S
0]
o
£
o
—

Nitrogen
Clay Soils
High Water
Hotspots

Phosphorus
Winter

Agricultural
Commercial
Industrial
Residential
Ultra Urban
Reduction
Peak Flow
Attenuation

Pocket Sand Filter YIY| Y |Y|Y]|Y M L/M H M M H M Y | LMt | oy® M M
=X Vegetated Roof Y|Y| Y [LM|NA| Y | MH M M M M H M | N/A | N/A Y M M
§ = Proprietary Devices Y|Y| Y |Y]| Y| Y| NA |NA|VAR|VAR | VAR | NONE| H | NA | NA Y | VAR | VAR
’ Cisterns Y|Y| Y |Y|N]|Y H L M M L M M/H | N/A | N/A Y M | L/M?

Source: Table 5-1 is adapted from the Michigan LID Manual (SEMCOG, 2008).
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6.0 NONSTRUCTURAL STORMWATE R BMPS

Nonstructural stormwater BMPshould be the first measures to applatsitedesign.They are
highly-effectivein limiting pollutant loadsn runoffand tend to lessen the needtfue more
costly structural BMPsThe nomstructural BMPs presented in this section include the following:

6.1 Protect Natural Features and Sensitive Areas
6.2 Tree Canopy

6.3 Minimize Impervious Surfaces

6.4 Stormwater Disconnection

6.5 Conservation Landscaping Techniques

6.6 Minimize Soil Compaction

6.1 Protect Natural Features and Sensitive Areas

Description

The first step in assessing a site and its stormwater runo
potential involves identifying existing natural features ant
sensitive areas, includirany areas containing dense
vegetation or welkestablished trees. Soils with thick,

and infiltrate runoff than do disturbed soiBisturbing
these areas that provide natural water management sho
be avoided because of the stormwater benefits that they
offer and eestablishment of a mature vegetateenmunity
can take decades. Wetland area

A key component oéffective stormwater manageméns t aki ng advantage of
infiltration and storage capacity. Maximizing infiltration and storage capacity limits the amount

of runoff generated anthereforethe need for additionattructural control practiceéreas with

a high potenal for infiltration and surface storage are typically characterized by:

Hydrologic Soil Group A or B;
Low slopes or depressigrand/or

Dense vegetation, especially trees

Sensitive areas, such as wetlands, streams, floodplains, or intact forest, should also be avoided
during site development and protected from disturbabegelopment in these areas is often
restricted by federal, statend local lawsDisturbing these areadters the natural hydrology and
movement of water through a site, which increases stormwater runoff, complicates stormwater
management approaches, and increases the difficulty of achieving natural resource and
regulatory goals.
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Example Application

Methods to minimize the impact of the construction process and allow for the protection of as
much of the existing permeable and natural areas on the site as possible include site
fingerprinting and cluster developmentinimizing the amount of site clearing agdadingcan
dramaticallyreduce the overall hydrologic impacts of site developni2amage to unprotected
soil and vegetation can have a significant effect on the ability of the site to handle stormwater
runoff and result in increased runoff volum&lkes techniques apply primarily to new
construction but the principles can be adapted to retrofit and infill projects as well.

Benefits and Limitations
Able to attenuate flow and reduce volume

Reduces the amount of structural stormwater controls required
Maintains hydrologic performance and natural functions

Requires upfront planning and site evaluations to maximize benefits

Managerial Considerations

Protecting natural features requires a holistic site assessment and modification of conventional
site developrant and construction practices. The placemebudflings or other impervious
surfaces omreas withhighly permeableoils should be avoide8uildings and other impervious
areasshould be constructezh the least permeable soilspermeable soils mus$te disturbed by
paving, infiltration capacity can be maintained by usiegneable paving materials.

Site grading that eliminates depression micro storage capsmtyd be avoidedmall natural

gradientson siteoftenextend thenatural flow pathwaysf stormwaterlnd increase the potential

for additional infiltration When possible,icecting runofffrom buildings and paved surfaces

towardthese pathways arateas with high infiltration capacity permeable soils will reduce

runoff volume.lntegratinge x i st i ng drainage patterns into thi
predevelopment hydrologic function. Maintaining existing drainage paths and depression storage
allows the velocity of stormwater flow across the site to be decreased and infiltea¢iof

runoff to increase. Analysis of the existing site drainage patterns during the site assessment phase

of the project can help to identify the best locations for buildings, roadways, and stormwater

practices.

The best way to define existing dragigapatterns is to visit the site during a rain event and to
directly observe runoff flowing over the site. If this is impossible, drainage patterns can be
inferred from topographic data, though depression storage features, which can play a large role in
flow and storage during small storms, are not accurately mapped in topographic surveys.

Protecting natural features preserves vegetatiegetative cover provides volume storage of

rainfall by retaining water on the surfaces of leaves, branches, and trunks of trees located on the
site during and after storm events. This capacioften overlookedbut on sites with a dense

tree canopy itan provide additional volume mitigation.
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6.2 Tree Canopy

Description

A tree canopy both intercepts rainfall and
evaptranspiratesvater back into the air,
thereby reducing stormwatamoff volume
Evapotranspirationefers to the combined
effects of evaporation and transpiration in
reducing the volme of water in a vegetated
area Interception is a form of detention and
retention sbrage that occurs when leaves,
stems, branchesnd leaf litter catch rainfall. In
addition, tree rootanprove the infiltraton 2
capacity of the soil, furtheeducing runoff ¥ -
potential. Trees may be placed strategically as aCourtesy of Clty of Minneapolis, Minnesota

buffer, or in flow paths and geessions to Residential tree canopy

adsorb runoffTrees can also be introduced in

urban areas as street trees, which can improve urban aesthetics, provide shade and cooling, and
improve air quality in addition to providing stormwater benefits.

Planting trees will reduce thamoff volume and peak discharge ratedairainage area by

lowering its runoff potential. Trees should be planted contiguoushatamize theiinfluence

on runoff. A tree canopy is typically assumed to be able to intercept approximately 10 percent of
rainfall, however, nterception anévapotranspiratiowill have a greater effect on runoff volume
reduction for small, frequently occurring, low intensity sterman for larger, intensents.

Planting individual trees scattered across the drainage dremtaappreciably reduce the runoff
volume or peak discharge rate

Trees may be placed wherever there is sufficient roorth&root zone and the canopy taking
into consideratioriuture growth Planting in a vegetated area will provide the additibeakefit
of forming a vegetated buffer.

Example Application

Reforestation is the planting of trees in an area thatiefasested in the recent past (ean

area that was cleared for residential development). Afforestation is planting trees in an area
where they were absent for a significant period of time,(argold farm field or a riparian
buffer). Plantings may be seedsedkngs, or seramature trees.

Benefits and Limitations
o Able to attenuate flow and reduce volume

¢ Provides shading and coolingdamproves air quality

» Cost effective method of improving environmental conditions
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¢ Requires adequate space for roots to allow for tree development and prevent root damage
to structures in urban areas

¢ Inthe fall, deciduous trees produce leaf litter thaymequire management

Managerial Considerations

The site characteristics and time frame for revegetation will influence tree stock setaction
introducing trees. Cdainer stock is appropriate for sites exposed to a high amount of stress
(e.g, pedestria traffic, urban aregs Container stock also typically becomes established more
quickly than less expensive types of stock. If stress and rapid establishment are not concerns,
cuttings, bare roots, or other, less expensive stock may be the most ecoochmazal

Also, the longterm maintenance and landscaping o
the planted area will determine its runoff potential.
An area replanted and allowed to grow into a matu
stand oftrees with little or no clearing of undergrowt
will eventually constitute wodsor foresed area. -
Similarly, if the ground is grass or another designatf ¥
groundcover, the planted aredl be more typical of
a park or open space

Measures should be takéo avoidcompading the _
soil in areas to be planted. Surface roughening ma 3 i e

improve seed establishment and moisture retention. Courtesy of Friends of the Pittsburgh
Soil amendments casobe used to increase Urban Forest
permeability Mulch can be usetb increase water o o -
retention, decrease erosjamprove soil stability, and insulate seeds and stock from temperature
extremes. Mulching or the use of matting is especially critical on steep shopevent erosian

Street trees areftengiven very little space to grow in environment
that may benhospitable. The soil around street trees often beco
compacted during the construction of paved surfaces and minim
as underground utilities encroach on root spddeeé roots are
surrounded by compacted soils or are deprived of air and water
impervious streets and sidewalks, their growth will be stunted, th
health will decline, and their expected life span will be cut short. |
providing adequate soil volunaad a good soil mixture, the benefit
obtained from a street tree multiply. To obtain a healthy soil volu
trees can bplanted inlargetree boxes, structural soil, root patbs,
manufactured devices suchfas i | v,cawhichean besused unde
sidevalks or other paved areas to expand root zones. These allo
tree roots the space they need to grow to full size.

oS Y i e U —
Courtesy of Friends of
the Pittsburgh Urban
Forest
Urban trees with

silva cells

6-4 Low Impact Developent Manual



Nonstructural Stormwater BMPsIree Canopy

Typical maintenance tasks include removal of dead or diseased limbs, checking for interference
with utility lines and root heave of pavadeas, pruning as necessary, and ictspe for

evidence of disease. Newly establishefrested/afforested aresisould be incorporatdadto

the existing program for tree maintenance and inspeddigeased or dead trees should be

replacel as necessary.

Protection from exotic/invader species is a concern. Management strategies for dealing with
exotics deend on their growth cyclend the degree to which exotics are already established.
Exotics may compete with nativeeesused to revegetate a site dndder natural succession.
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6.3 Minimize Impervious Surfaces

Description

A key component of minimizing overall site e
impactsand reducing stormwater impacss
minimizing or reducingmpervioussurfaces.
Roads and parking@ts constitute as much as 7(
percent of total impervious cover in uluaban
landscapes, and as much as 80 percent of thg
directly connected impervious cav&koads ’
tend to capture and export more stormwater |
pollutants than other land covers in highl e ——
impervious areas, especially femall rainfall = ,
eventsApproaches to minimize impervious |- = i

surfaces will often entail an evaluation of the | = =
transportation network : 2% ' ?

Typical technique$or impervious surface o S
minimizationinclude limiting roadway lengths : R :
and widths, minimizing lot setbacks (which in [l o8 0
turn minimize driveway lengths), installing
sidewalks on only one side of private roadways,
andusingalternative materials such as
permeable paving blocks or porous pavemeéntpervious surfaces can also be minimized
through the identification of themallest possible land area that campizetically impactedr

disturbedduring site developnmg.

,.

B A

FARRTN g SR N s YA
s I ]

Permeable paver blocks

A comprehensive approach to minimizing impervious surfaces may be to playdbéednd
roadnetworkwith respecto the existing hydrologic functions of the larta/(resering
wetlands, buffers, highermeability soils, etc.) and minimize the imyeus areavhen new
roads are builtwhen roads are reconstructededevelogd opportunities to eliminate
unnecessary imperviossirfaceshould be ealuated

Example Application

Impervious surfaces on a site can be minimized by a number of methodgltaagpropriate
site planning and layout. Commonly used techniques to reduce impervious surfaces include:

» Building vertically rather than horizontally. For example, adding floors to buildings to
minimize the building footprint or building mulkevel paking garages rather than large
surface parking lots

o Clustering development to reduce requirements for roads and preserve green space
» Reducing lot sizes

» Reducing road widths to the minimum necessary for emergency vehicles
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Creating some smaller parkisgaces intended for compact cars
Using permeable pavements in place of traditional impervious surfaces

Benefits and Limitations
Reduces stormwater volume

Preserves natural features and sensitive areas
Promotes increased infiltration

Can be limited by landse and upfront planning

Managerial Considerations

Many urban and suburban streets, sized to meet code requirements for emergency service
vehicles and provide a free flow of traffic, are oversized for their typical everyday functions. The
Uniform Fire Codeequires that streets havenanimum 20 feet of unobstructed width street

with parking on both sides would require a width of at least 34Edfetrts to reduce impervious
surfaces often entail a review and evaluation of codes and ordinances for the presence of barriers.

Minimizing the construction of impervious surfacewd thesoil compactiorthat often

accompanies them reduces theoff volume and peak discharge rate and preserves the
hydrologic function on a sit&Vater quality benefits gained through impervigusface

reduction are attributed to the decrease in stormwater volumewshes lower percentage of
impervious surfacesfilt rate larger volumes of stormwater and maintain a more natural flow
regime than conventionally developed sites. Pollution generation, concentration, and transport
are also minimized by thdecreased use of impervious surfaces

References
National Research Councrban Stormwater Management in the United StaDetober 2008
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6.4 Stormwater Disconnection

Description

Runoff from connected impervious surfaces
commonly flows directly to a stormwatsewer
system with no possibility for infiltration into
the soil. For example, roofs and sidewalks
commonly drain onto parking lots, and the
runoff is mnveyed by the curb and gutter to t
nearest storm inlet. Runoff from numerous
impervious drainage areas may converge,
combining their volumes, peak runoff rates,
and pollutant loads. Disconnection decouples
roof leaders and downspouts, roadways, andj
othe impervious areas from conventional
stormwater conveyance systems, allowing
runoff to be collected and managedsite or
dispersed into the landscape. Runoff is
redirected onto pervious surfaces such as
vegetated areas, reducing the amount of ~
directly caonnected impervious area and Disconnected downspout
potentially reducing the runoff volume and

pollutant load.

Routing runoff to vegetated areas will reduce the peak discharge and stormwater volume by
providing an opportunity for infiltration anevapotranspiration. Y8spreadingunoff out,

infiltrating it over pervious surfaces, and directing it to stormwater management practices, the
amount of stormwater discharged from a site can be significantly decr&asehpact of
disconnection on stormwater volume and peaktdigge is dependent upon the area to which the
stormwater is directednd its ability to infiltrate or evapotranspirate the collected runoff

Example Application

Several techniques can be used for stormwater disconnection. One of the most common practices
is directing roof downspouts to pervious vegetated areas or bioretention systems rather than the
stormwater collection system. In addition, parking lots and roads can be designed to direct runoff
to swales or bioretention systems instead of along guttestetmwater inlets. In these cases,
eliminating the direct connection between the impervious surface and the collection system
provides opportunities for the amount of discharged stormwater to be reduced and provides
opportunities for the runoff to be a&ked in vegetated areas.

Benefits and Limitations
o Attenuates stormwater volume and peak flow rates

e Promotes increased infiltration

¢ Needs to be designed to limit impacts on structures and building foundations
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Managerial Considerations

Disconnection of impe&rous surfaces such as roofs and parking lots will reduce the peak
discharge rate by increasitite flow pathways anthe time of concentratioas the runoff is
directedto permeablareas Lowering runoff velocitiesvith disconnectiomesults in greater
contact time with the soil, potentially increasing the volume of runoff infiltrated during a storm
event.

Disconnection practices may be applied in almost any location, but impervious surfaces must
discharge into a suitable receiving area for the practwée effective. Runoff must not flow
toward building foundations or onto adjacent private property. Typical receiving areas for
disconnected impervious runoff include vegetatedmwater management practi¢esy, filter
strips,bioretention) and otleexisting landscaping such as shrubs.

Typical methods of disconnectianay include curb cuts to encourage stormwater flows away

from inlets, and open area modifications to enhance the infiltration characteristics of receiving
areas. Other modificatiosclude flow spreading and leveling devices, which may be used to
encourage sheet flow across vegetated areas. Soil amendments to increase soil permeability are
also a possible design optiddisconnecting roof leaders requires simple modifications theaéro

the concentrated flow from roof drains to a permeable area that will allow infiltration instead of
discharging it onto an impervious surfaBack or splash blocks can be used to slow and spread
concentrated downspout flow. To protect foundations, dpeut flows should be directed at

least 4 feet away from thmuiilding. Soil amendments, compost, or aeratanalsobe

consideredo increase the infiltration capacity of the receiving area.

There is little maintenance associated with disconnection prad@ekded maintenance

activities are primarily focused on the areas designated to receive stormwater runoff. Edgineer
infiltration areas should be routinely checked to ensure that they are free of debris and trash.
Both vegetated and constructed infiltration areas should be inspected for sediment accumulation.
Additionally, receiving areas should be inspected for signbarimelized flow and signs of
compaction.Refer to Chapter.0for more detail on designing structural BMPs.
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6.5 Conservation Landscaping Techniques

Description

Conservation landscapingesnativetrees,
shrubs, grasses, or other groundcdkatmay
be more diseaseesistant and require less
maintenance than namative specieslhe plant
communities native to an ecosystem have
specifically adafed to the climate and
hydrologic regime unique to that region.
Maximizing plant cover will improve the
ability of the site to managgormwater and
minimize runoff.Native vegetation will also
maximize the succsful establishment of
plantingsand minimiz the need for
supplemental irrigatiorRefer toChapter8.0
for more information about native plants in the Native vegetation
Lower Maumee and Ottawa River watersheds.

Plants havenultiple impacts on downstream water quality. First, the presence of a plant canopy
(plus associated leaf litter and otlmeganic matter that accumuldielow the plants) can

intercept rainfall, which reduces the erosive potential of precipitation. B&thdroded material
going to receiving waters, turbidity, chemical pollution, and sedimentation are reduced. Second,
a healthy plant and soil community can help remediate chemical pollutants and filter particulate
matter as water percolates into the sbilis occurs through the physical action of water

movement through the solil, as well as through biological activity by plants and the soil microbial
community that is supported by plants. Third, thick vegetative cover can maintain and improve
soll infiltration rates.

Landscaping andlanting vegetatiorwill reduce the runoff volume and peak discharge rate for
the drainage area by lowering its runoff potentbrmwater volume reductiomesult from
rainfall interception by leaves angcreased evapotranisgtion. Interception and
evapotranspiratiowill have a greater effect on runoff volume reduction for small, frequently
occurring, low intensity storm events.

In addition to plant selection and landscape design, soil preparation is also a critical factor
determining runoffeduction Soil conditions most favorable to plant growth generally also
provide the greatest runoff volume reduction. Soils must be lo@agkro allow water to
percolate and roots to penetratéhere these conditions do not exist naturalby, anendments
can be used to increasermeability

Example Application

The required maintenance level for the site will guide the plant selelftibie. site requires
frequent mowing or fertilization, has high foot traffic,i@s high aesthetic requirements, it
should be considered high maintenance and perennials nsaydxe appropriatplanting
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