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FOREWORD 

Ohio has a legacy of generating national focus on important natural resources and on policy 

changes. In 1969, Ohio's Lake Erie tributary, the Cuyahoga River, caught on fire shining 

negative attention on Ohio's water quality issues and the need for changes in water policy. Now, 

our region has the opportunity to become the catalyst for positive change and blaze a new trail in 

the Great Lakes with renewed attention on the impact of land development and redevelopment. 

 

The Lower Maumee and Ottawa Rivers are rich water sources for our region. Our waterways are 

used for drinking water, fishing, recreation, tourism, and transportation, which are key 

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) techniques. This 

manual merges all the tools necessary to implement LID best management practices on a local 

level. Great attention was made to provide information that addresses local geology, hydrology, 

climate, and government structure. The information in this manual will arm local planners, 

developers, engineers, policy makers, and scientists with the tools to 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 Watersheds. We have worked hard to construct quality local examples and 

form opportunities to share experiences. I commend their efforts, and those of the Joyce 

Foundation, to assist our region in reducing 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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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 stormwater Best Management Practices (BMP) applicable to 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. This is a technical 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 will help to foster a watershed approach to improving water quality 

within the region. With this understanding, the manual focuses on stormwater BMPs that apply 

across the two watersheds, ranging from using vegetated buffers in agricultural areas to 

vegetated roofs in urban areas. The aspiration is to create a user-friendly watershed-wide LID 

Manual to help protect the rivers and streams within the Lower 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 northwest 

Ohio and discharge to Maumee Bay in Lucas County. 

Refer to Figure 1-1 showing the watersheds within 

the basin.   

 

In the Lower Maumee River Watershed, agriculture 

is the predominant land use, although activities and 

infrastructure typical of heavily urbanized areas are 

also present. Of the 2,150 miles of streams in the 

watershed, 41 percent are designated as impaired, 

including the entire main stem of the Maumee River. 

Agricultural practices, stream channelization, and 

urbanization have caused the loss of natural features 

which function to attenuate peak runoff, provide 

detention, and retain sediment. Loss of these natural 

processes leads to flooding, erosion, degradation of 

aquatic habitat, and diminished groundwater 

recharge. 

 

The land area of the Ottawa River Watershed (180 

square miles) is significantly smaller than the Lower 

Maumee (1,082 square miles) yet the populations are 

similar. The Ottawa River Watershed is located along 

the Ohio-Michigan border and drains into parts of 

Lucas, Fulton, Lenawee, and Monroe counties. First, 

Lower Maumee River Watershed  
Watershed  Area :  1,082 mi 2 

Watershed Population : 295,700  

Empties to:  Maumee Bay in Lucas 

County  

Land Use : 85% cropland, 9% 

woodland  

Largest Cities :  Toledo, Defiance, 

Bowling Green, and Napoleon  

Counties : Fulton, Henry, Defiance, 

Putnam, Hancock, Wood, Lucas  

 
Ottawa  River Watershed  

Watershed Area :  180 mi 2 

Watershed Population :  219,020  

Empties t 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  (Mi chigan)  

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

Sidebar 1 - 1  
Watershed Statistics  
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second, and many third order reaches of the Ottawa 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 west of 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, refer to Chapter 3.0. 

 
Figure 1 - 1  Western Lake Erie Basin Watersheds  

 
Source:  Western Lake Erie Basin Partnership  

 

1.3 Organization and Use of the Manual 

This manual is designed to provide the guidance necessary to promote 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 the manual. 

 

Chapter 2.0: Regulations summarizes the federal, state, and local requirements for managing 

stormwater.  It also encourages a more stringent goal for stormwater management based on 

anticipated federal rulings. 
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Chapter 3.0: Watershed Characteristics includes 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 Planning introduces the critical elements 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 Selection provides guidance for selecting stormwater BMPs 

based on site characteristics and the effectiveness of the BMP in removing target pollutants. 

 

Chapter 6.0: Nonstructural Stormwater BMPs  presents detailed information in a fact sheet 

format. Each fact sheet includes a BMP description, example applications, benefits and 

limitations, and managerial considerations. 

 

Chapter 7.0: Structural Stormwater BMPs  presents detailed information in a fact sheet 

format.  Each fact sheet includes a BMP description, example applications, 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 Design recommends native plant species for 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, communities, professionals, 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 communicate, 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 identified in Table 1-1. 

 

 
Table 1 - 1  Use of Manual by Stakeholder  

Stakeholder  Role in LID  Primary Interests  
Key 

Chapters  
Local Officials  Set policy 

 Develop/Update ordinances 

 

 LID basics 

 Potential for cost savings 

 Achievable performance measures 

1, 2, 3  

Planning 

Commission 
 Review development proposals  

 Develop master plans  

 Develop/Update ordinances 

 LID basics 

 Incorporate LID into master plans 

 

1, 2, 3, 4 
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Stakeholder  Role in LID  Primary Interests  
Key 

Chapters  
Staff Planners/ 

Planning 

Consultants 

 Review development proposals 

 Review site plans 

 Educate community about LID 

 LID basics 

 Incorporate LID into site plans 

 LID design guidance 

1, 2, 3, 4, 5, 

6, 7, 8 

Engineers/ 

Developers/ 

Landscape 

Architects 

 Design site development 

 Review site plans 

 Advise planning commissions 

 Incorporate LID into site plans 

 LID design guidance 

4, 5, 6, 7, 8 

Public Works/ 

Road Commission/ 

Ohio Department of 

Transportation 

 

 Design roads and drains 

 Implement BMPs 

 Maintain BMPs 

 Incorporate LID into site plans 

 LID design guidance 

 LID maintenance requirements 

5, 6, 7, 8 

Citizens/ 

Businesses/ 

Environmental 

Groups 

 Implement BMPs on private 

property 

 Maintain BMPs 

 Promote LID 

 LID basics 

 Incorporate LID into site plans 

 LID design guidance 

 LID maintenance requirements 

1, 2, 3, 4, 5, 

6, 7, 8 

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 layers, shallow depressions, and native 

drainage patterns that intercept, evaporate, store, slowly convey, and infiltrate stormwater. See 

Figure 1-2. As development progresses, the 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 change in hydrologic regime can significantly degrade stream habitat (Booth, 1991).  

Recent studies suggest that a subwatershed with as little as 5 to 10 percent impervious cover can 

negatively impact the quality of the receiving stream (Schuler et al., 2009).  
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Figure 1 - 2  Hydrologic Regime : Green Landscape versus Urban Landscape  

 

1.4.2 Water Quality Impacts 

In addition to impacts on stream health caused by hydrologic regime change, impacts are also 

attributed to stormwater 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 the following pollutants 

(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) and petroleum hydrocarbons from vehicles; 

 Fecal coliform bacteria from pet and wildlife waste; and   

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

 

During storms, pollutants are washed off surfaces and are rapidly discharged to water bodies. A 

summary of stream response to changes in the condition of the watershed are shown in Table 

1-2. Overall, these changes diminish recreational and economical opportunities 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 drainage density due to road 

networks, road crossings, and stormwater 

outfalls 

 Increased storm flow volume and rate 

 Increased flooding and property damage 

 Increased channel erosion 

 Increased fine sediment and urban water pollutant loads 

 Increased fish passage barriers 

 Decreased groundwater 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 of riparian areas  Reduced delivery of large woody debris 

 Reduced bank stability and loss of bank habitat structure and 

complexity 

 Reduced shading and temperature control 

Reduced quantity and quality of large 

woody debris 
 Reduced channel stability, sediment storage, instream cover for 

fish and insects, and loss of pool quality and quantity 

Increased pollutant loads  Synthetic organic compounds and trace elements:  some acutely 

toxic; tumors in fish; salmon and trout will alter spawning and 

migration behavior in presence of metals as low as <1% of 

lethal concentration; endocrine disruptors  

 Nutrients:  excessive aquatic plant growth; excessive diurnal 

oxygen fluctuations 

 Synergistic influence of multiple pollutants unknown 

Loss of natural streams due to ditching  Permanently removes any ecological benefits they may have 

 Increased downstream flooding due to a reduced cross-sectional 

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 bodies, LID has 

evolved to become a widespread stormwater management and land development strategy. LID is 

applied at the parcel and subdivision scale and emphasizes conservation and use of on-site 

natural features integrated with engineered, small-scale hydrologic controls to more closely 

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

an area over the full range of rainfall intensities 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 of LID is to prevent harm to streams, lakes, wetlands, and other natural aquatic 

systems from commercial, residential, or industrial development sites. To accomplish this, LID 

practices promote infiltration, evapotranspiration, and capture and reuse of stormwater runoff 

close to its source. Practices range from preserving and restoring natural features to incorporating 

rain gardens, green roofs, and other structural BMPs into new site development and 

redevelopment projects. These LID practices can be used alone, in concert with one another, or 

in combination with traditional stormwater practices depending 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 stormwater away 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 

unnaturally 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 stream damage. 

 

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 given site.  

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 runoff; 

 Maximize infiltration and groundwater recharge; 

 Maintain stream base flow; 

 Maximize evapotranspiration; and 

 Protect water quality. 

 

Many of these objectives can be met by minimizing 1) soil compaction, 2) impervious surfaces, 

3) direct connection of impervious surfaces, 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 the industry. Note that studies 

quantifying the economic benefit of implementing LID are recently emerging and are much more 

difficult to discern than studies quantifying traditional stormwater management practices.   






































































































































































































































































