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PROJECT SUMMARY 

INTRODUCTION

The Rouge River Watershed is under pressure from urbanization, making it 
vulnerable to heavy loading of non-point source pollutants.  One such pollutant is 
excessive sediment. Although sediment loading is a natural part of a river system, 
excessive loading can degrade fish and wildlife habitat, destroy wetlands, and reduce 
the recreational and aesthetic appeal of the river system.  In addition, substances such 
as oils, salts, and nutrients can enter the system attached to sediment particles causing 
eutrophication and a general decrease in water quality in hydraulically connected 
lakes and ponds. 

The purpose of this project was to:

1. Identify and prioritize stream bank erosion sites in the Upper River Rouge 
Subwatershed, within the City of Farmington Hills; and,  

2. Develop conceptual designs to address streambank erosion at priority sites, in 
order to demonstrate how erosion problems can be mitigated.  

This project was completed under the direction of the Oakland County Drain 
Commissioner’s office and was supported by a USEPA grant under the Rouge River 
National Wet Weather Demonstration Project and by the City of Farmington Hills. 

KEY PROJECT ELEMENTS 

Three key elements were performed for this project, each briefly described below and 
presented in more detail in this report. 

Stream Bank Erosion Inventory – Approximately 25.2 miles of stream in 
the Upper River Rouge subwatershed were inventoried, all within the City of 
Farmington Hills.  The inventory involved deployment of a two-person crew 
that traversed every mile of inventory streams on foot.  Crews recorded 
streambank conditions on standardized forms, digitally photographed every 
site where data were entered, and recorded the position of field observations 
using global positioning system (GPS) technology.  A total of 768 stream 
reaches and individual erosion sites were inventoried.  All data was compiled 
in an electronic database, and a GIS interface was developed to allow the City 
to search and review the inventory data.

Scoring, Ranking, and Prioritization – Following completion of the 
inventory, each reach and erosion site characterization was scored using a 
standardized system, based on the recorded information.  Because of the urban 
nature of the study area, priority was given to sites where erosion posed a 
threat to public safety or infrastructure. However, because all data were 
compiled in an electronic database, interested parties may rescore or 
reprioritize the sites using different criteria in the future. 
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Conceptual Drawings and Cost Estimates for Erosion Mitigation – After 
reviewing inventory results, the City of Farmington Hills selected three sites 
for development of conceptual drawings and cost estimates to mitigate stream 
bank erosion.  The three sites represent a range of erosion problems in the 
Upper River Rouge subwatershed and should be useful to the City in the 
future. 

PRODUCTS AND DELIVERABLES 

This project yielded several deliverables that will be useful in addressing stream bank 
erosion in the Upper River Rouge subwatershed in Farmington Hills: 

Electronic Database – The electronic database compiled from this project 
contains inventory data and associated digital photographs of the sites.  It is 
expected information will be useful to the City as they continue to manage 
their portion of the Upper River Rouge subwatershed. 

Data Viewer – The electronic data viewer enables interested parties to more 
easily review the inventory data using GIS technology.  With the proper GIS 
platform, the user is able to view data and digital photography by using a 
simple “point-and-click” approach. 

Project Report – This report documents the inventory and will be a useful 
reference in the future, as work continues to address stream bank erosion in 
the Upper River Rouge subwatershed.  In addition, it is hoped the approach 
used here will inform similar inventory studies elsewhere. 

Conceptual Drawings and Cost Estimates – Conceptual drawings and cost 
estimates were developed for three sites.  These will not only help the City to 
understand what can be done to mitigate erosion at those specific sites, but it 
is hoped that they will also demonstrate various approaches that might be 
applied elsewhere. 

REPORT ORGANIZATION 

Following this summary, this report is organized into two major sections: 

Part I provides a detailed description of the inventory project and its results.

Part II contains conceptual drawings and cost estimates for three erosion sites.
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Part I:
Stream Bank Erosion Inventory, Site Prioritization 

Summary, and Inventory Results 
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1. INTRODUCTION 
Part I of this report presents a summary of the Stream Bank Inventory Project for 
stream and river reaches in the portions of the Upper River Rouge Subwatershed 
located within the limits of the City of Farmington Hills.  Limno-Tech, Inc. (LTI) 
conducted the inventory and prioritization in early 2006.

Part I is organized into the following major sections: 

Section 1 Introduction 
Section 2 Inventory Scope 
Section 3 Inventory and Scoring Methodology 
Section 4 Inventory and Site Prioritization Results 
Section 5 Sites Selected for Conceptual Designs 

The following sections in this Introduction present a description of the project and the 
specific project objectives. 

1.1 PROJECT OVERVIEW 

The purpose of this project was to identify and prioritize stream bank erosion sites in 
the Upper Branch of the River Rouge within the City of Farmington Hills, and make 
recommendations for incorporating best management practices to decrease sediment 
loading to the river.

This inventory project was modeled after the completed Main River Rouge 1-2 
Subwatershed Stream Bank Inventory Project (completed in 2004).  Physical data and 
photographs were collected at each erosion site, and based on the field data, each site 
received a severity ranking.  The severity index used was consistent with the existing 
Main 1-2 Project.  Conceptual site drawings and cost estimates were developed for 
three high-priority sites, as requested by the City of Farmington Hills.  

This project was funded in part through a grant from the U.S. Environmental 
Protection Agency as part of the Rouge River National Wet Weather Demonstration 
Project. The following participating partners contributed additional project funds or 
in-kind services: 

Oakland County Drain Commissioner’s Office (OCDC) 
City of Farmington Hills 

Completion of this project works toward the following long-term goals of the Upper 
River Rouge Management Plan: 

Restore and Maintain Aesthetically Appealing Conditions in the River; 

Improve and Maintain the River Ecosystem for Fish and Wildlife; and, 

Minimize the Amount of Soil Erosion and Sedimentation Occurring in the 
Subwatershed.

In addition, this project also addresses the following short-term goals in the Plan: 
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Improve or Create Fisheries and Wildlife Habitat; 

Develop and Encourage the Implementation of BMPs for Park Lands, Golf 
Courses or Other Publicly Owned Lands; and, 

Identify Areas Along the River with Highly Eroded Banks and Evaluate 
Alternatives to Address Public and Private Sites Contributing Significant 
Amounts of Sediment to the River. 

1.2 PROJECT OBJECTIVES 

The specific objectives of the Streambank Inventory Project are as follows: 

Inventory stream bank characteristics within the Upper River Rouge 
Subwatershed, including documenting sites with Global Positioning System 
(GPS) coordinates and photographs. 

Develop a database of inventory results linked to a Geographic Information 
System (GIS) for mapping purposes. 

Score and rank sites based on the stream bank characteristics.  

Develop conceptual designs to mitigate stream bank erosion at select sites. 
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2. INVENTORY SCOPE 
An estimate of stream reach lengths to be inventoried was initially based on U.S. 
EPA’s Reach File Version 3.  A better estimate was subsequently prepared using 
updated hydrographic data from OCDC.   

Maps of the proposed inventory reaches were provided to Farmington Hills who then 
revised the suggested inventory reaches to include some additional reaches in the City 
and exclude hydrography designated as county drains. The final length of streams 
included in the inventory was 25.2 miles.  

The final inventory study area is shown in Figure 2-1.  The Upper River Rouge 
Subwatershed extends throughout the majority of the City of Farmington Hills.  The 
exceptions include the northeastern portion of the City (comprised of the Rouge Main 
1-2 Subwatershed), and a small western portion of the City (comprised of the Middle 
Rouge Subwatershed.

Aside from the main branch of the Upper River Rouge River, several additional 
tributaries within the subwatershed were included in the inventory, as shown on 
Figure 2-1. 
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Figure 2-1: Study Area for the Upper River Rouge Stream Bank Erosion 
Inventory
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3. INVENTORY AND SCORING METHODOLOGY 
The methodologies used to characterize, score and rank stream banks for this project 
are presented in this section.

3.1 STREAMBANK INVENTORY METHODOLOGY 

This section describes the basis and data collection methods for the inventory. 

3.1.1 Basis of Inventory 

The inventory system used for this project followed the same protocols as were 
performed on the Rouge Main 1-2 Subwatershed stream bank inventory in 2004, 
which was based on the inventory system previously developed for the Mitchell 
Creek, Au Sable River, and Clinton River watersheds.  Because of the highly 
developed conditions present in most of the Upper River Rouge Subwatershed, 
additional information was collected regarding the presence of structures and the 
potential impact of stream bank erosion on those structures. 

Similar to the Rouge Main 1-2 Inventory, two types of “sites” were recorded: 

Reaches – lengths of stream with similar stream bank characteristics, and 
Stations –more localized areas with eroding stream bank locations (relative to 
other reaches in the vicinity), or with structure(s) present. 

The following categories of information were recorded for each station and reach: 

Location
Bank characteristics (slope, height, vegetative cover, soil type) 
Condition of bank (type of erosion, trend)
Causes of erosion 
Length of erosion 
Structures present (if applicable) 

Figure 3-1 presents the detailed information collected at each station and reach.  
Digital photographs were taken at each reach and station. 
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Figure 3-1: Stream Bank Inventory Data Collection Form for Stations and 
Reaches
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3.1.2 Data Collection Method 
Inventory data was recorded in the field using a Trimble GeoXT submeter GPS unit 
with ArcPad GIS software.  The data collection forms (Figure 3-1) were created using 
ArcPad and loaded onto the Trimble, allowing for easy electronic recording of field 
data.  The following GIS layers (obtained from Oakland County and the City) were 
also included on the Trimble to help guide the field teams: 

Municipal boundaries 
Hydrography
City IDEP outfalls inventory 
Roads

Two-person LTI crews completed the inventory using the Trimble GPS unit.  Every 
mile of the inventory streams was walked, characterized, and photo-documented. 

Where readily visible, each road crossing, outfall, sewer or water line crossing, and 
manhole shown in the GIS within the immediate vicinity of the streams in the study 
area was visually inspected and documented. In addition, (and at the request of the 
City) crews also verified the locations of the City’s IDEP outfalls, where visible; and 
also added additional outfalls to the City’s existing IDEP outfall inventory, when they 
were observed in the field. 

Data collected during the field surveys was downloaded from the Trimble unit, and a 
relational database of site characteristics was created using MS Access software.
Recorded GPS site locations were imported into the project GIS. 

The results of the field survey of erosion sites are presented in Section 4. 

3.2 SITE SCORING METHODOLOGY 

In order to rank the relative erosion at each of the recorded reaches and stations, a 
scoring system was developed to accompany the information collected on the forms.  
Scores assigned to each possible characteristic selection are shown in Table 3-1.  
Higher values indicate increased severity.  Note that not all information collected at 
each site was assigned a score (such as locations, types of structure present, and 
notes).

For each site, individual scores were assigned to each field, and a total site score was 
calculated from the sum of these individual scores.  

The results of the site scoring and prioritization are described in Section 4. 
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Table 3-1: Site Scoring for Stream Bank Data Inventory

Field Selection Score 

Location of Erosion Left bank 1 
  Right bank 1 
  Both banks 4 
Condition of Bank Streambank is stable 0 
  Toe is undercutting; upper bank is stable 1 
  Toe is stable; upper bank eroding 2 
  Toe and upper bank both eroding 3 
Condition Trend Stable - no apparent trend 1 
  Erosion severity decreasing 1 
  Erosion severity increasing 5 
Bank Vegetation 0% - 10% cover 5 
  10% - 50% cover 3 
  50% - 100% cover 1 
Primary Cause of Erosion Obstruction in river 1 
  Bend in river 2 
  Bank seepage 1 
  Gullying from side channels or outfall 2 
  Foot traffic 1 
  General erosion around structure 4 
  General erosion, no structure observed 3 
  Human encroachment (buildings, utilities, etc.) 5 
Bank Slope 4:1 or flatter 1 
  3:1 2 
  2:1 2 
  1:1 or steeper 5 
Bank Height 0 - 5 ft 1 
  5 - 10 ft 3 
  10 - 20 ft 5 
  20 - 50 ft 7 
  > 50 ft 10 
Length of Eroded Bank 0 - 20 ft. 1 
  20 - 50 ft. 3 
  >50 ft. 5 
Soil Texture Clay 1 
  Loam 1 
  Silt 2 
  Stratified 2 
  Gravel 3 
  Sand 3 
Structures No critical structure present 0 
  Some erosion, but no imminent danger 5 
  Erosion near structure, future potential danger 10 
  Structure exposed by erosion or other imminent danger 20 
  Structure failed due to erosion 30 
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4. INVENTORY AND SITE PRIORITIZATION RESULTS 
A summary of inventory field observations, site scoring results, and the resulting 
most severe erosion sites are presented in this section.

4.1 INVENTORY SUMMARY 

LTI completed the field data collection for the inventory in January and February 
2006.  The inventory covered 25.2 miles, and stream bank conditions were logged 
and photo-documented for 768 stations and reaches and 472 IDEP outfall locations.  
Figure 4-1 shows the location of station/reach sites within in the study area.
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Figure 4-1: Summary of Reaches and Stations Recorded in the Stream Bank 
Inventory
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4.2 INVENTORY RESULTS 

This subsection presents the scoring results, as well as summary information on the 
characteristics of the stream bank and erosion conditions observed during the 
fieldwork.

4.2.1 Scoring Results 

The site scoring system described in Section 3.2 was applied to the inventory.  As 
mentioned above, 768 stations and reaches were characterized. Table 4-1 presents a 
summary of site scoring information. The lowest (least severe) site score was 11, and 
the highest (most severe) site score was 59. 

Table 4-1: Summary Statistics of Site Scores 

 No.  Site Scores 
Site Sites Min. Max. Avg. 
Stations 372 11 59 27.3 
Reaches 396 11 48 22.5 

Figure 4-2 presents the scoring distribution for the 768 characterizations. 

Figure 4-2: Distribution of Stream Bank Erosion Site Scores for the Upper River 
Rouge Subwatershed in Farmington Hills  

Upon review, there is clearly a small subset of sites that scored significantly higher.
As shown below, only four sites scored between 56 and 60, and an additional four 
sites scored between 51 and 55.
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4.2.2 Stream Bank Characteristics 

Most sites inventoried in Farmington Hills are characterized by steep slopes (2:1 or 
steeper), heavy vegetative cover (50-100%), and bank heights less than 10 feet.
Figure 4-3 contains a series of bar-charts depicting some of the stream bank 
characteristics obtained during this project. 

Figure 4-3: Stream Bank Characteristics of Inventoried Stations and Reaches 

4.2.3 Erosion Characteristics 

As shown on Figure 4-4 below, approximately 51% of stations and reaches in the 
City are stable or decreasing in erosion severity, while erosion severity is increasing 
at the remaining stations and reaches. The two primary causes of erosion at 
inventoried sites are bends in stream reaches (46%) and general erosion around 
structures (28%). 
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Erosion Trends
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Figure 4-4: Erosion Characteristics of Inventoried Stations and Reaches 

4.2.4 IDEP Outfall Information 
The City of Farmington Hills requested that, during field activities, LTI verify the 
presence/absence of existing outfalls that were previously inventoried under the 
City’s Illicit Discharge Elimination Program (IDEP).  To this end, the City provided 
LTI with GIS shapefile information on previously inventoried IDEP outfalls. 

In most every instance, LTI was able to field verify the presence of previously 
inventoried outfalls.  LTI photographed each existing or new outfall when observed, 
and recorded the following additional information: 

Verification of the information provided by Farmington Hills (size, material). 

Determination of whether flow was observed, and if so, the visual condition of 
that flow. 

Whether erosion was present at the IDEP location. 

In addition, LTI identified a total of 104 new outfalls within the study area.  A revised 
shapefile and database information on the IDEP outfalls have been provided to 
Farmington Hills as part of this project (May 2006). 

4.3 MOST SEVERE SITES 

In addition to the eight highest scoring sites (i.e., with scores greater than 50), the 
next 25 sites (with scores between 41 to 50) were also reviewed to determine if any of 
those sites could also be considered ‘severe’.  This review is necessary, in large part, 
because there is always some subjectivity in the field during characterization.  The 
review included re-evaluating the documented field characteristics, as well as review 
of the photographs.
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Based on this review, three additional sites were also deemed to be ‘severe’.  As such, 
a total of eleven (11) ‘severe’ sites were identified.  These sites are briefly 
summarized in Table 4-2.  The locations of these eleven most severe sites are 
presented in Figure 4-5. 

Table 4-2: Summary of Highest Scoring Stream Bank Erosion Sites for 
Farmington Hills

ID No. Score Structure Condition SUMMARY Location

5274 59 Structure failed due to erosion 24" concrete outfall is exposed, with the 
bell section failed.

Near 9-Mile, upstream of Orchard 
Lake Road

5364 59 Structure failed due to erosion

The downstream section of an existing 
concrete lined section of channel has 

broken up, is instream and causing a 3' 
grade drop in the stream. 

Just south of I-696 between 
Halsted and Drake.

5549 57 Structure failed due to erosion A retaining wall is failing due to 
undercutting at a bend in the stream.

North of 8-Mile, south of Grand 
River, East of Middlebelt.

5277 56 Structure failed due to erosion The top of the top of a double-box 
concrete culvert has failed upstream.

South of 9-Mile, downstream of 
Orchard Lake Road.

5280 54 Structure exposed by erosion or 
other immediate danger

A newly constructed outfall is covered 
with fill from a construction project.  A 

silt fence has failed.

South of 9-Mile, upstream of 
Orchard Lake Road

5554 53 Structure exposed by erosion or 
other immediate danger

A 12" CMP outfall is undercutting itself 
on a ~20' high bank.  A parking lot is 

located at the top of the bank.

North of 8-Mile, south of Grand 
River, East of Middlebelt.

5730 53 Structure exposed by erosion or 
other immediate danger

A wooden footbridge has its footings 
exposed.

East of Halsted between 8- and 9-
Mile Roads.

5148 51 Structure failed due to erosion
A 10' section of concrete retaining wall 

has collapsed into the stream.  Remaining 
sections show siginificant bowing.

South of Oakland Community 
College, just east of Farmington.

5674 47 Structure exposed by erosion or 
other immediate danger

An apparent sanitary sewer manhole is 
exposed on a failed bank with erosion.

North of 8-Mile, West of 
Farmington

5120 45 Structure exposed by erosion or 
other immediate danger

Bank erosoin has exposed gray conduit 
associated with a cell tower.  Fallen trees 
in stream has created obstruction which is 

eroding the bank.

South of 12-Mile, between 
Farmington and Orchard Lake

5466 44 Structure exposed by erosion or 
other immediate danger

Erosion has exposed footings of 8' wide 
footbridge, as well as the corner of an 

apartment building.

East of Halsted between 10- and 
11-Mile.
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Figure 4-5: Locations of Highest Scoring Stream Bank Erosion Sites in the 
Upper River Rouge Subwatershed – Farmington Hills. 
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4.4 DATA VIEWER FOR INVENTORY RESULTS 

LTI developed a data viewing application in ArcGIS that allows OCDC and 
Farmington Hills staff to view the results of the stream bank inventory project. The 
Upper River Rouge data viewer tool, shown in Figure 4-6, consists of an ArcGIS 
ArcMap document, and associated code (written in Visual Basic) linking the viewer 
to the database results and photos. The data viewer allows the user to interactively 
select a station and/or reach from a list or from the map and display stream bank 
documentation and scores on a site-by-site basis. The viewer also allows the user to 
view site photographs.

The following sections describe the options for selecting reaches and stations and the 
functionality available on the viewer’s data display form. 

Figure 4-6: Upper River Rouge Subwatershed Streambank Inventory Viewer 
Base Map and Toolbar 
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4.4.1 Selection of Station and Reach Features  

The data viewer provides two options for selecting and displaying the data display 
form for one or multiple site ID numbers.  The first option allows the user to display 
site features by selecting site IDs from a pull-down list.  The second option allows the 
user to select one or more reach/station sites from the viewer map itself. 

4.4.2 Feature Data Display Form 

The data display form presents the characteristics for the selected site as well as the 
site score, as shown in Figure 4-7.  In addition, this form shows “thumbnails” of any 
available photographs for the selected feature. 

Figure 4-7: Feature Data Display Interface 

Clicking on a thumbnail will generate a full-size view of the photograph and provide 
the option to scroll through the other photos associated with the selected feature, as 
shown in the example in Figure 4-8.   
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Figure 4-8: Full-Size View of Photograph for Selected Feature 
The user can also ‘toggle’ between choosing to view stream bank erosion sites 
(reaches and stations) or IDEP Outfalls, which can be viewed in the same manner as 
described above. 
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5. SITES SELECTED FOR CONCEPTUAL DESIGNS 
One goal of the stream bank inventory project was to identify sites for development 
of conceptual drawings and cost estimates for mitigating stream bank erosion.  This 
section describes the process used for selection of these sites and presents the final list 
of priority sites for which designs were developed.  

5.1 PROCESS FOR SELECTION 

Initially LTI provided the City of Farmington Hills with the following information for 
the eleven ‘severe sites’ identified in Section 4.3: 

A map of the City showing the location of the eleven highest scoring sites 
(Figure 4-5); 
A summary table of the highest scoring sites (Table 4-2); and, 
Photographs of each inventory site. 

The City’s input on final site selection was critical, because a number of factors 
excluded the eleven sites from being of interest. These factors include (but are not 
limited to) the following: 

Private ownership/lack of jurisdiction to implement mitigation/repair 
An identified structure is abandoned or obsolete and, therefore, no longer of 
interest 
The site(s) is part of another project and does not need to be addressed by this 
project
Many sites appeared to be similar to those identified in the Main 1-2 project 
where conceptual designs were already prepared and could be utilized for 
these eleven sites 

As a result, information for additional sites was requested by the City, in an attempt 
to identify sites where the City had jurisdiction to implement improvements in the 
future.  Based on the City’s input, LTI provided additional information to the City for 
a total of 54 additional sites.  The 54 additional sites were selected because they had 
the highest severity rating and were located on City property or right-of-way. 

5.2 SITES FOR CONCEPTUAL DESIGNS 

City staff reviewed the information provided and inspected several sites, and 
identified a total of three sites for which they requested conceptual restoration designs 
developed.  LTI reviewed these three sites, and confirmed they were able to develop 
the requested conceptual drawings and cost estimates.  

Locations of the specific sites requested are shown in Figure 5-1.  Conceptual designs 
for these sites are presented in Part II of this report. 
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Figure 5-1: Locations of Priority Sites for Conceptual Stream Bank Restoration 
Designs
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PART II: 
CONCEPTUAL DESIGNS 
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INTRODUCTION
This section presents conceptual stream bank stabilization designs for three sites, as 
identified in Section 5 of Part I of this report.  These conceptual designs are intended 
to illustrate potential methods for mitigating stream bank erosion problems at these 
sites and to provide some idea as to the cost of the stabilization projects. 

PRELIMINARY HYDRAULIC ANALYSIS 
Stream bank stabilization design requires a thorough understanding of stream 
hydraulics at the project site. Velocities, shear stresses, and water depth under design 
flow conditions are the primary parameters to be considered in selecting appropriate 
stabilization measures1; typically, bioengineering stabilization methods can be used 
for design velocities under 8 feet per second (fps), while design velocities greater than 
8 fps require hard armoring (Fischenich, 2001). Because of their importance, a 
hydraulic analysis was performed to estimate these parameters for the sites of interest.   

After selecting the three sites for conceptual design, a preliminary hydraulic analysis 
was conducted to estimate design flow velocity, shear stress, and depth of flow. The 
hydraulic analysis involved use of existing hydraulic models from Federal Emergency 
Management Agency (FEMA) flood studies to generate the parameters of interest. 
The existing hydraulic models for Minnow Pond Drain (Upper River Rouge) and 
Seeley Drain were obtained from the Michigan Department of Environmental Quality 
(MDEQ) Hydrologic Studies Unit. These models were developed in 1979 by Johnson 
& Anderson, Inc. Consulting Engineers, using the HEC-2 hydraulic model developed 
by the U.S. Army Corps of Engineers (USACE). 

To facilitate the preliminary hydraulic analysis, the existing HEC-2 models were 
imported into HEC-RAS (River Analysis System) model, which is the hydraulic 
modeling package developed by the Corps to replace HEC-2. The existing models 
were then revised to look at only the reaches of interest for the three sites of interest. 
The revised models covered the following reaches: 

- Minnow Pond Drain: The revised model extends from the I-696 bridge 
down to the confluence with Seeley Drain. 

- Seeley Drain: The revised model extends from the Halsted Road bridge 
down to the confluence with Minnow Pond Drain. 

After developing the revised models, the cross-section descriptions contained in the 
models from 1979 were qualitatively compared to observed stream conditions around 
the sites of interest to determine whether gross differences existed between current 
and past conditions, such as the addition or removal of structures. In the case of 

1 It should be noted that the orientation of the eroded bank with respect to oncoming flow, the presence 
of in-stream structures, and other factors must also be taken into account in specifying stabilization 
methods. 
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Minnow Pond Drain, no significant structural differences were noted, although the 
presence on ongoing bank erosion indicates that river cross-sections should be 
resurveyed before a final hydraulic analysis can be conducted.

In the case of Seeley Drain, significant structural differences were noted, including 
the presence of sheet pile weirs in the vicinity of the site of interest. Two sheet pile 
weirs upstream of the site of interest on Seeley Drain have been constructed since the 
existing hydraulic model was developed in 1979 and one sheet pile weir has been 
constructed downstream. In addition to the placement of the sheet piling, the channel 
upstream of the weirs has apparently been widened by excavation to create small 
impoundments. The channel widening and grade alteration caused by these structural 
activities has a significant effect on the flow through and in the vicinity of the site of 
interest on Seeley Drain. Because of this, resurveying of the channel and modification 
of the hydraulic model to incorporate the new survey data are recommended for final 
hydraulic analysis. It was not, however, within the scope of work for this project to 
conduct these activities. 

The HEC-RAS hydraulic models were run in steady state mode to estimate the 
hydraulic conditions relevant to conceptual design of bank stabilization measures. 
This required specification of flow at the upstream boundary of each revised model. 
These flows were obtained from the MDEQ hydrologic studies unit and are presented 
in Table 1.

Location
2-yr 10-yr 50-yr 100-yr

Seeley Drain at Halstead Road 150 260 430 610

Minnow Pond Drain at I-696 600 1000 1400 1600

Flow (cfs) by Event Return Interval

Table 1: Flow Estimates for Conceptual Design Sites 

A range of flows was modeled to give some understanding of the range of conditions 
possible for each site, but for conceptual design purposes, the 10-year flow event was 
chosen. Although channel-forming discharge is much closer to the 2-year recurrence 
interval in most cases, it is expected that a capital improvement project with a 2-year 
design life would be unacceptable. Using the 10-year flow, the flow depth, average 
velocity, and shear stress under design conditions were calculated by the model. The 
hydraulic parameter estimates for each site are provided with each conceptual design. 

It should be noted that the hydraulic analysis presented here was only intended as a 
preliminary analysis to support conceptual design. Final site designs for stream bank 
stabilization should be supported by a complete site survey and thorough hydraulic 
analysis, using updated stream channel surveys to support the computer modeling. 
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COST ESTIMATES 
Cost estimates are provided for the stream bank stabilization measures recommended 
in each conceptual design. These cost estimates were developed using unit costs from 
current technical references and quantity estimates based on site inspection. The unit 
costs used herein are summarized in Table 2. 

Table 2: Unit Costs for Stream bank Stabilization Measures 

It should be noted that these unit costs represent total installed costs, which include 
materials, labor and equipment. Stabilization measures will typically be less 
expensive if installed by municipal crews and more expensive if installed by private 
contractors. Furthermore, these costs do not include other project costs such as 
engineering design, permitting, easements, service procurement, ancillary 
construction costs, and project management. 

USE OF CONCEPTUAL DESIGNS 
The conceptual designs presented in this report are intended to illustrate potential 
solutions for repair and mitigation of stream bank erosion problems at the sites of 
interest. The conceptual designs are not intended to support project construction; in 
all cases additional data and analysis are required to complete a final design. Finally, 
it should be recognized that, in some cases, multiple stabilization techniques may be 
applicable and the conceptual designs presented here are not the only possible 
mitigation design. 

REFERENCES
Allen, H.A. and C. Fischenich. Coir Geotextile Roll and Wetland Plants for Stream 

bank Erosion Control (Technical Note SR-04). U.S. Army Corps of Engineers 

Stabilization Method Unit Unit Cost Explanation Reference
Bioengineering Methods
brushlayering ft2 $1.10 to $2.20 (with staff and/or volunteers) Allen and Fischenich, 2001

ft2 $2.30 to $4.60 (with contractor) "
vegetated geogrid l.f. $105 Allen and Leech, 1997

s.f. $15 to $35 Sotir and Fischenich, 2003
coir roll l.f. $12 to $36 Allen and Fischenich, 2000
live fascines l.f. $10 to $30 Sotir and Fischenich, 2001
live stakes ea. $1.50 to $3.50 Gray and Sotir, 1996
joint planting ea. $2.00 to $9.00 "
live crib wall ft2 $10 to $25 4 ft2 per l.f. of bank typ. "
plant plugs ea. $1.50 typ.
Armoring Methods
gabions yd3 $150 to $450 Freeman and Fischenich, 2000

l.f. $20 to $30 for 1' x 3' basket Rouge, 2001
riprap s.y. $25 to $35 for plain 8" riprap "

s.y. $30 to $45 for plain 16" riprap "
ton $20 includes delivery & placement Allen and Leech, 1997
c.y. $44 assumes 165 lb/ft3 and $20/ton Allen and Leech, 1997
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Site Nos. 5158 & 5159 (Minnow Pond Drain, Farmington Hills)

Problem Description 
Sites No. 5158 and No. 5159 are located at the crossing of Farmington Road and 
Minnow Pond Drain in Farmington Hills. Site No. 5158 is located on the upstream 
(east) side of the crossing and 5159 is located on the downstream (west) side. At the 
west location, Minnow Pond Drain crosses under Farmington Road and a wooden 
foot bridge that parallels Farmington Road, by way of a 15-foot CMP culvert. The 
sites are described below. 

Site No. 5158: Upstream of Farmington Road Crossing

At this site, which is depicted in Figure 1, upstream flow enters the CMP culvert 
beneath Farmington Road. Bank erosion is evident on the south side (left side of the 
culvert in the photo) and is apparently caused by flow impingement on the bank, 
exacerbated by runoff from Farmington Road. Some of the erosion damage may also 
be caused by ice impingement during the winter, but this cannot be conclusively 
determined without further observation. 

Figure 1. Erosion at Site No. 5158.
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Site No. 5159: Downstream of Farmington Road Crossing  

Site No. 5159 is depicted in Figure 2 and flow daylights from the CMP culvert 
beneath Farmington Road. Bank erosion is evident on the north side (left side of the 
culvert in the photo). Closer inspection of the site indicates that the main cause of the 
erosion is runoff from Farmington Road.  

Figure 2. Erosion at Site No. 5159.
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Hydraulic Conditions for Design 
The hydraulic conditions under the design flow (10-year flow event) were determined 
using the existing model, as described in the beginning of Part II of this report and 
area summarized for this site in Table 1. 

Hydraulic Parameter or 
Design Condition VALUE FOR SITE NO. 

5158
VALUE FOR SITE NO. 

5159
Flow (cfs) 1000 1000 

Depth, center (ft) 10.9 5.9 

Velocity, ave. (ft/sec) 6.1 11.8 

Shear stress, ave. (lb/ft2) 0.64 6.0 

Table 1. Hydraulic Design Conditions for Site Nos. 5158 & 5159. 

These hydraulic conditions are noteworthy. At Site No. 5158, the depth, average 
velocity, and shear stress under design conditions are all relatively high. On the 
downstream side of the crossing, the average velocity and shear stress are extremely 
high.

Recommended Stabilization Designs 
Site No. 5158: Upstream of Farmington Road Crossing  

Although the estimated velocity and shear stress under design conditions are within 
the range for potential application of bioengineering techniques, the high water level, 
and the added erosive factors of roadway runoff and potential ice erosion indicate that 
armoring is appropriate at this site. A riprap surface could be constructed with a 
gravel drain running beneath the riprap to convey the road runoff downslope without 
exacerbating runoff. This conceptual design is depicted in Figure 3. 



Upper River Rouge Stream Bank Erosion Inventory Report
Conceptual Site Design: Sites No. 5158 & 5159 
   

Limno-Tech, Inc. 4

Figure 3. Conceptual Approach for Stabilizing Site No. 5158 Using Riprap With Gravel 
Layer for Drainage.

Site No. 5159: Downstream of Farmington Road Crossing  

It appears that roadway runoff is the primary factor in causing erosion at this site, 
based on the location of the erosion and the evident gullying of the slope. As such, the 
primary function of the stabilization design will be to convey runoff down the slope 
without eroding the slope. The very high flow velocities and shear stresses predicted 
by the model are likely manifested immediately downstream and, while they may 
contribute to other erosion problems, probably do not contribute significantly to the 
erosion beneath the foot bridge. This site presents significant limitations. The foot 
bridge pilings limit access with heavy equipment, so much of the work may require 
manual labor. The foot bridge itself shades the slope, making the viability of plant 
growth, and therefore bioengineering approaches, questionable. One viable approach 
may be to use gabion baskets, which can be fabricated and filled on site. The slope 
can be excavated to accommodate the baskets, and a geotextile layer can be installed 
between the earth and the baskets to stabilize the underlying earth. The gabion basket 
will stabilize the slope while allowing drainage. 
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Figure 4. Conceptual Approach for Use of Gabion Baskets to Stabilize Site No. 5159 

Estimated Stabilization Costs 
The estimated costs for the bank stabilization options described above are comparable 
and are summarized below. 

Site No. 5158: Upstream of Farmington Road Crossing

Item Unit Unit 
Cost

Qty. Subtotal 

Site Preparation l.s. - 1 $3,000 

Geotextile s.y. $2.50 42 $105 

Gravel ton $3.00 34 $102 

Riprap ton $2.50 48 $120 

   Total: $3,327 
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Site No. 5159: Downstream of Farmington Road Crossing  

Item Unit Unit 
Cost

Qty. Subtotal 

Site Preparation  l.s. - 1 $3,000 

Geotextile s.y. $5.00 20 $100 

Gabion Basket s.y. $100 20 $2,000 

   Total: $5,100 

The quantities listed above are estimates only, for conceptual purposes, and may vary 
with final design. It should be noted that these costs do not include all project costs. 
Other project costs will include, but are not necessarily limited to, the following: 
engineering design (including thorough hydraulic analysis), permitting, easements, 
contractor procurement, site access, contingency, and project management.  
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Site No. 5423 (Seeley Drain, Farmington Hills)

Problem Description 
Site No. 5423 is located on Seeley Drain in Farmington Hills, approximately 620 feet 
downstream from Halsted Road. Significant erosion of the south bank was noted 
immediately downstream of the foot bridge, extending from the southeast bridge 
abutment to a small impoundment located approximately 30 feet downstream. The 
attached figure shows an aerial view of the site vicinity, as well as site photographs 
depicting the erosion problem. The site is located in a golf course, near a residential 
area and is depicted in Figure 1. 

Figure 1. Bank Erosion at Downstream Bridge Abutment at Site No. 5423.

At this site, upstream flow is slightly directed toward the south bank due to the non-
perpendicular alignment of the foot bridge. This by itself would be sufficient to cause 
excessive erosion of the south bank. This condition is exacerbated by the fact that 
brush, tree limbs, and other large woody debris have accumulated in the channel 
downstream, creating a flow obstruction. Under storm flows, this obstruction likely 
causes sudden flow deceleration, accompanied by increased turbulence upstream of 
the obstruction. The combination of flow impingement on the bank and excessive 
turbulence due to downstream channel blockage are likely the cause of the observed 
streambank erosion. 
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Figure 2. View Downstream of Foot Bridge at Site No. 5423, Showing Erosion on South 
bank and Large Woody Debris Obstructing Channel.

Hydraulic Conditions for Design 
As previously described, significant structural differences were noted between current 
stream conditions and 1979 model conditions, including the presence of two sheet 
pile weirs upstream of the site of interest and one sheet pile weir downstream. In 
addition to the placement of the sheet pile wiers, the upstream channels have 
apparently been widened by excavation to create small impoundments. These channel 
modifications are likely to have a significant impact on stream hydraulics in the 
vicinity of the site. A new survey of the channel and nearby structures is 
recommended to update the hydraulic model for final hydraulic analysis. It was not, 
however, within the scope of work for this project to conduct these activities. 

The hydraulic conditions under the design flow (10-year flow event) were determined 
using the existing model, as described in the beginning of Part II of this report and 
area summarized for this site in Table 1. 
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Hydraulic Parameter or 
Design Condition SITE VALUE 

Flow (cfs) 260 

Depth, center (ft) 4.9 

Velocity, ave. (ft/sec) 4.4 

Shear stress, ave. (lb/ft2) 0.08 

Table 1. Hydraulic Design Conditions for Site No. 5423. 

Recommended Stabilization Design 
The velocity estimated by the preliminary hydraulic analysis (4.4 ft/sec) is within the 
range for bioengineering methods, therefore hard armoring of the banks would not 
normally be necessary. However, as described above, the alignment of the foot bridge 
is such that oncoming flow is directed slightly toward the south bank. This condition 
suggests that additional armoring is justified in the stabilization design. Two options 
exist for accomplishing this: riprap and combined riprap and bioengineering. These 
options are described below. 

Option 1: Riprap

The existing bank slope, or something very close to it, can be maintained and armored 
using conventional riprap. This alternative would include armoring from the toe of 
the embankment to the top of the bank slope, with geotextile placed beneath the 
riprap. Some bank slope modification would be necessary to achieve a stable 
condition. This option would be reliable and relatively simple to install, but would not 
provide aesthetic or habitat benefits, which may be desirable for a golf course setting. 

Option 2: Combined Riprap and Bioengineering 

Under this option, riprap armoring would be used on the lower slope and the upper 
slope of the bank would be stabilized using bioengineering techniques. This option 
would likely require some channel modification to widen the section and reduce the 
slope of the banks. On the lower portion of the bank, conventional riprap would be 
placed and keyed in to provide toe protection, while the upper slope would be 
vegetated using seeding and live stakes. This option would require more earthwork 
and construction, and thus would not be as simple as riprap alone, but the upper 
vegetated bank slopes would provide aesthetic and habitat benefits. This approach is 
conceptually depicted in Figure 3. 
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Figure 3. Typical Design for Live Stakes with Erosion Control Blanket for Streambank 
Protection (Source: NRCS, 1996). 

Estimated Stabilization Costs 
The estimated costs for the bank stabilization options described above are comparable 
and are summarized below. 

Option 1: Riprap

Item Unit Unit 
Cost

Qty. Subtotal 

Site Preparation 
& Restore 

l.s. - 1 $5,000 

Riprap ton $30 40 $1,200 

Geotextile s.y. $2.50 40 $100 

   Total: $6,300 
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Option 2: Combined Riprap and Bioengineering 

Item Unit Unit 
Cost

Qty. Subtotal 

Site Preparation 
& Restore 

l.s. - 1 $5,000 

Earthwork c.y. $5 60 $300 

Riprap ton $30 20 $600 

Geotextile s.y. $2.50 6 $15 

Native Seed ¼ acre $100 1 $100 

Live stakes ea. $2.50 300 $750 

Erosion control 
blanket

s.y. $2.50 6 $15 

   Total: $6,780 

The quantities listed above are estimates only, for conceptual purposes, and may vary 
with final design. It should be noted that these costs do not include all project costs. 
Other project costs will include, but are not necessarily limited to, the following: 
engineering design (including thorough hydraulic analysis), permitting, easements, 
contractor procurement, site access, contingency, and project management. 
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A case study on the use of LEED, LID, and BMPs in the redevelopment of a 
Midwestern urban campus. 

Donald D. Carpenter, Ph.D. AM ASCE

Civil Engineering Department, Lawrence Technological University, 21000 W. Ten 
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Abstract:
Lawrence Technological University is a private university located on a 120-

acre campus in highly urbanized Southfield, Michigan (Detroit Metropolitan Area).
The campus was primarily developed over the last several decades with limited or no 
stormwater controls as was customary with regulations of the time.  However, an 
updated campus master plan (2003) and the opening of a student services center in 
2005 provided the opportunity for the campus to commit itself to green design and the 
use of low impact development (LID) techniques.  The 40,000 square-foot A. Alfred 
Taubman Student Services Center (Center) consolidated all student service functions 
under one roof and provided a unique opportunity to showcase sustainable and energy 
efficient technologies.  As such, the Center provides a living laboratory for Lawrence 
Tech architecture and engineering students, local municipal officials, community 
planners, and design engineers to learn about LID techniques and LEED certification. 
Concurrently, University officials reviewed the existing stormwater system and 
identified areas for retrofit with innovative stormwater best management practices 
(BMPs) and LID techniques.

Introduction 

Low Impact Development (LID), also known as conservation site design, is a process 
of sustainable development and redevelopment that conserves natural resources. The 
LID process holistically considers the landscape during design and construction to 
protect the environment through practices that enhance water and air quality while 
preserving open green space.  LID is especially important in urban and urbanizing 
areas such as southeast Michigan, where it is crucial to protect our waterways and 
remaining green space. In addition, as regions undergo economic redevelopment, it’s 
attractive for companies to build “green” because of the long-term economic and 
environmental advantages of these practices.   

To widely implement LID practices in the Great Lakes region, a significant 
educational effort that includes demonstration projects, research and outreach is 
necessary.  Accordingly, Universities should take a leadership role in educating a 
broad spectrum of the population including students, citizens, public policy makers, 
community planners, landscape architects, horticulturists and engineers. 

At Lawrence Technological University, located in the heart of the Great Lakes Basin 
in the Rouge River Watershed (Figure 1), the process of retrofitting our urban campus 



has begun by utilizing innovative stormwater management systems to create a full-
scale living laboratory that promotes understanding of important LID practices.  In 
addition, important research and dissemination is under way that will lead to greater 
acceptance and implementation of these techniques. 

LTU & Rouge 
River 

Figure: 1 Rouge River Watershed and Lawrence Technological University. 

Establishing a Higher Standard 

The modified runoff and sediment conditions associated with urbanization have 
resulted in the degradation of urban streams and watersheds. In response to degraded 
systems, local, state and federal laws have been passed to mitigate the impact of 
urbanization through the use of stormwater best management practices (BMPs). 
Specifically, in 1999, the U.S. Environmental Protection Agency published the Phase 
II Final Rule of the National Pollutant Discharge Elimination System (NPDES), 
which intensified the requirements associated with obtaining an NPDES permit and 
brought additional focus to implementing innovative stormwater BMPs.   

In 2003, the Great Lakes congressional delegation and governors identified priorities 
for Great Lakes restoration and protection and set about creating a broad based plan 
for implementation. In May 2004, President Bush issued an executive order 
recognizing the Great Lakes as a “national treasure”, although locals argue it’s an 
international treasure, and created the federal Great Lakes Interagency Task Force to 
improve coordination on the Great Lakes.  This collaborative process led to the 
development of the Great Lakes Regional Collaboration Strategy, released in 



December 2005, which calls for limiting the effects of non-point source pollutants 
including phosphorus, nitrogen, and sediment through stormwater BMPs as well as 
for restoring hydrology in altered watersheds.  The plan specifically calls for $18 
million to be spent fixing altered hydrology in 10 urban watershed or sub-watersheds, 
including one or more in Detroit. The plan also calls for between $500 million and $1 
billion to be spent restoring wetlands over the next five years with a focus on the 
western and central Lake Erie basin. Finally, the regional strategy calls for more 
emphasis on sustainable development and provides funding for educational strategies 
that promotes sustainability.   

Like many larger scale property owners in urban areas, Lawrence Tech developed its’ 
site over a long period of time with few stormwater controls and little thought for the 
environment as was customary during the time.  By the 1990s, the university realized 
that it had to be a better steward of the environment and that the current approach was 
no longer good enough. This new approach was reflected in the creation of Lawrence 
Tech’s updated campus master plan in 2003 and the opening of the A. Alfred 
Taubman Student Services Center in 2006.  

Taubman Student Services Center 

The 42,000-square-foot Taubman Center (Figure 2) not only meets the requirements 
of provided important student services, it is also a “living laboratory” of sustainable 
design and engineering. Built to U.S. Green Building Council’s Leadership in Energy 
and Environmental Design (LEED) specifications, it was awarded a Silver 
Certification in 2007.  The Taubman Center addresses the LEED criteria of 
sustainable site development and construction, water and energy efficiency, recycled 
materials selection, and indoor environmental quality. 

Figure 2: Taubman Student Services Center with quadrangle bioswale in the 
foreground.



The Center features a 10,000-square-foot living green roof (Figure 3) which is created 
with layers of insulation, roof membrane, drainage fabric, and a four-inch granular 
composition supporting the planting of nine different species of sedum ground cover 
(Figure 4).  The green roof offers more effective insulation than traditional roofs and 
is expected to last approximately 40 years, more than twice the lifespan of traditional 
materials. With normal rainfall, the green roof retains between 60 and 90 percent of 
rainfall depth with the remainder draining into a 10,000-gallon cistern to be used as 
“gray” water for flushing toilets.

Figure 3: Taubman Student Services Center green roof. 



Figure 4: Taubman Student Services Center green roof cross-section. 

The most complex and sustainable aspect of the Taubman Center is the heating and 
cooling system which is fed by a field of 88 geothermal wells sunk 300 feet under the 
campus quad. A system of polyethylene tubing, pumps, and fans connected to the 
wells utilizes water to heat and cool the building, which has no boiler, furnace, or 
even a gas meter. The heating, ventilating, and air conditioning systems contain no 
CFC-based refrigerants, HCFC’s, or Halons. Lighting in the Taubman Center is 
controlled by sensors and astronomically-synchronized timers that adjust three 
minutes a day to accommodate seasonal lighting needs.  The floors consist of 
recycled concrete tiles throughout the building which are raised 18 inches, making all 
wiring and piping easily accessible by lifting panels of the completely modular floor. 
For education, many of the heating, ventilation, and air conditioning controls and 
mechanisms are visible for study by students either overhead or through Plexiglas 
floor panels occasionally substituted for the concrete ones. 

Stormwater BMPs 

Concurrently with Taubman Center design, university administrators and 
faculty reviewed the existing stormwater system and identified areas where 
innovative LID techniques and best management practices could be utilized.  As an 
example, Figure 5 is a schematic of the campus drainage plan which was used to 
determine where excessive run-off existed and where stormwater BMPs could be 
placed.  It should be noted that Figure 5 is not intended to be clearly discernible – it’s 
meant to display how the campus was analyzed on a small sub-watershed scale).   

Figure 6 indicates the existing and proposed stormwater BMPs on the Center 
of campus.  In addition to the green roof, cistern, and bioswale completed as part of 
the Taubman Center, the University has recently constructed two bioretention cells 
(Figure 7) with more planned for 2008 or 2009, a naturalized detention basin (Figure 
8), a native grow zone/riparian buffer, and porous pavers (Figure 9).  In addition, 
these techniques are strategically placed in the center of campus to provide for a 
compact educational experience while addressing current stormwater retrofit needs.



As such, the University has become a regional case study for LID retrofitting in an 
urban environment and a living laboratory of innovative stormwater best management 
practices (BMPs) for education, outreach, and research.   

Figure 5: Lawrence Technological University campus watershed analysis. 

Figure 6: Stormwater BMPs on Campus (implemented and proposed). 



Figure 7: Bioretention cell with research monitoring equipment. 

Figure 8: Naturalized detention basin with outlet structure in foreground. 



Figure 9: Outdoor dining patio with Unilock Eco-stone porous paving system. 

Research and Outreach 

There are several ongoing research projects at Lawrence Tech including measuring 
stormwater runoff quantity and quality from the green roof (Figure 10). Flumes and 
pressure meters in roof drains give us continuous hydrographs of stormwater runoff.
In addition, episodic monitoring of water quality is facilitated by siphoning off a 
sample during heavy rain to test for nitrogen, phosphorous, acidity, temperature, 
dissolved oxygen and total suspended solids. The same sensors and equipment have 
been placed on rock-ballasted and black-asphalt roofs on campus to allow for 
quantification of how much better the green roof is for the environment.  

A similar measurement system is in place to determine the hydrologic performance of 
the campus bioretention cells which were intentionally constructed using two 
different planting mixture designs to determine effectiveness at capturing and treating 
runoff.  In addition to measurement of outlet discharge, the cells are be artificially 
loaded with nutrients using simulated storms.  Finally, soil moisture and temperature 
sensors are embedded in both cells to determine seasonal performance.   

The university has become a recognized regional case study for LID retrofitting in an 
urban environment as well as a living laboratory of innovative stormwater BMPs for 
education, outreach and research.  As such, Lawrence Tech is working with the State 
of Michigan’s LID Technical Implementation Committee, which is responsible for 



guiding and implementing the new LID manual scheduled for release in fall of 2008. 
This committee includes engineers, planners, and managers from public and private 
organizations across the state and is being facilitated by the Southeast Michigan 
Council of Governments (SEMCOG).   

Figure 10: Flow meter (flume) and water quality sampler attached to green roof 
drainage pipe. 

In a related effort, Lawrence Tech recently released a pilot version of the Southeast 
Michigan LID Techniques Interactive Google Mapping Database to increase public 
awareness and facilitate visits to demonstration projects (Figure 11). The site is 
publicly accessible and provides location and design information for LID techniques.  
Once the pilot version has gained approval, a statewide version with more 
comprehensive information will be released.    

As of July of 2008, future education and outreach plans will occur through several 
avenues including: 

Developing a walking trail with signage about the stormwater BMPs implemented 
on campus.  This walking trail and accompanying literature will be distributed to 
a broad audience.  
A booklet designed and published about the project as well as the benefits 
associated with conservation site design, low impact development, and integrated 
stormwater management.   
Continued integration of BMPs into undergraduate and graduate engineering, 
architecture, and science courses. 



Development and offering of workshops and professional short courses to 
engineers, planners, and architects. 
A public electronic kiosk in the A. Alfred Taubman Student Services Center that 
will describe the BMPs implemented on campus.  
A website dedicated to the project which will include design information and 
research results on BMP performance.   

With this hands-on approach, Lawrence Tech is educating the next generation of civil 
and environmental engineers, citizens and community leaders on the critical issues 
associated with restoring developed watersheds. Continuing research on the 
performance of these retrofitted features is critical for wide-scale acceptance of the 
restoration efforts called for in the Great Lakes Regional Collaboration Strategy. 

Figure 11: Lawrence Technological University LID Mapping Database (web 
screenshot). 
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Section 1 
Executive Summary 

Overview 

The Oakland County Drain Commissioner’s Office (OCDC) – on behalf of the Main 1-2 Rouge River 

Subwatershed communities – received a grant to conduct an inventory and assessment of stormwater 

detention basins, as an initial step toward fulfilling the goals of the Main 1-2 Subwatershed Management 

Plan.  Oakland County communities have for many years required on-site stormwater detention for new 

development, but it was suspected that many detention basins were not functioning at full design capacity 

due to incomplete construction and/or inadequate maintenance.  Two additional reasons for the study 

were: 1) to update databases which currently have some incomplete or inadequate records of existing 

detention basins in the subwatershed and, 2) to consider recent improvements in detention pond design 

standards.

It was originally anticipated that 381 basins would be included in this study based on estimates provided 

by each participating community.  The actual number of basins inventoried was 373.  A summary of the 

communities and number of basins in each is provided in Section 2.  The findings of the review of basin 

hydraulic/construction characteristics indicate that almost 60% of the basins were not, or could not be 

verified as, functioning at full design capacity.  For most of these basins, the volume of the basin was 

smaller than designed, the outlet restrictor was not operational, and/or adequate plan/calculation 

information was not available.  Nearly half of the 373 basins were in need of maintenance.  The problems 

included debris and sediment in pipes, litter, nuisance levels of algae, overgrown conditions, end-section 

separations, erosion and sedimentation.  Based on these findings alone, completion of the basin inventory 

was extremely valuable. 

The purpose of the Main 1-2 Detention Basin Inventory Study was to identify, prioritize, and make 

recommendations for maintenance and possible design improvements for existing detention basins in the 

Main 1-2 Subwatershed.  Several additional benefits of the project included: 

Awareness of the need for better record keeping, plan archives, maintenance agreements, and 

tracking of correspondence. 

Incorporation of detention basin data into the County-wide GIS stormwater utility database. 

Ability to use the data to support future hydrologic and hydraulic modeling. 

Information can be used in local Stormwater Master Planning efforts. 
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Identification of pollutant ‘hotspot’ sites and potential illicit discharges and connections.   

Background information to support future grant opportunities. 

Recommendations 

General recommendations resulting from the study include: 

A. Establish an adequate record keeping system for all existing and future detention basins; 

B. Develop model ordinance(s) for the Main 1-2 Subwatershed that include(s) specific, quantitative 

design criteria; 

C. Develop a design review checklist;

D. Develop and implement an inspection program to document that construction has been completed in 

accordance with approved design; 

E. Establish detention basin maintenance requirements;   

F. Develop a model maintenance agreement and/or ordinance or other regulatory mechanism that may 

be adopted by local communities requiring adequate basin maintenance;  

G. Develop and implement a regular detention basin inspection program to ensure that basins are being 

adequately maintained; 

H. Review the detention basin rankings and data presented in Sections 5 and 8 and develop community 

specific plans for addressing high priority maintenance needs and implementing basin modifications; 

I. Develop and implement a program to educate developers, commercial property owners, homeowner 

associations, and other basin owners on the benefits of detention basins and the need for adequate 

maintenance; 

J. Consider developing an incentive program to encourage owners of existing detention basins to 

undertake maintenance or retrofit of their basins. 
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In addition to these general recommendations, specific maintenance, modification, and retrofitting 

recommendations are presented along with anticipated costs. 

Lessons Learned 

Aside from the findings and recommendations that were the purpose of the study, a number of valuable 

lessons were learned that will help in planning and implementing future work. 

The effort required to complete the detention basin plan review and field assessments greatly 

exceeded the time estimated in the original grant application. 

The accessibility and thoroughness of plan and design information varies from site to site and 

community to community, so more time should be scheduled for the communities to compile 

available plan information before the inventory begins.   

There were challenges with the logistics of tracking photos and multiple ID numbers.  The photos can 

be better tracked by downloading and numbering them as soon as possible after they are taken.  The 

five different ID codes (for basins, inflows, outflows, overflows, and photos) can be easily tracked by 

letting the database automate the selection of ID number sequentially.  This can be done if all of the 

plan review (Task I) is completed before the field assessment (Task II) begins.

Conducting several field investigation ‘trial runs’ before beginning extensive field work helped to 

train all field staff and ensure efficiency and consistency. 

Experience with the use and limitations of new digital technology, especially GPS/PC tablet units.  

New ‘rugged’ versions of digital cameras and Trimble (GPS/PC) units were used that performed well 

under heavy use and adverse weather conditions. 

Opportunities for Further Efforts

The results of this inventory should be integrated into a multi-jurisdictional stormwater management 

effort.  As part of implementing a long-term management plan, further efforts should be considered:  

Several different types of retrofitting pilot projects should be implemented along with monitoring 

programs to evaluate their effectiveness and make recommendations for future basin retrofits. 
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Due to the detention basin inventory’s usefulness in stormwater planning and because so many 

existing basins were not functioning at full design capacity or were in need of maintenance, the effort 

should be expanded to other areas of the County. 

The results of the Main 1-2 subwatershed basin inventory may be incorporated into Stormwater 

Master Planning efforts at the watershed level.  A watershed management approach to stormwater 

management would allow cost-effective flood protection and implementation of the goals of the 

subwatershed management plan. 

Retrofitting of many existing detention basins in the Main 1-2 would result in substantial 

subwatershed-wide water quality improvements.  Before implementing extensive and costly 

improvements, a planning tool such as the Source Loading and Management Model (SLAMM) could 

quantify the anticipated pollutant loading reductions of basin retrofits and many other stormwater best 

management practices. 

To implement the Subwatershed Management Plan goal of improving river ecosystems, further study 

should be considered to develop a model ordinance that provides quantitative criteria to new 

developments for the control of water quality and streambank erosion.   

o For example, a statistical analysis of ten years of hourly rainfall data at Oakland University in 

Rochester Hills indicates that sizing water quality BMPs for 1.0” of rainfall will treat almost 90% 

of the total annual rainfall in an average year.  Further statistical analysis of rainfall data, water 

quality data, and simple models could be used to calculate runoff volumes and on-site pollutant 

loads.

o Extended detention offers the potential to reduce the increased volume and frequency of 

moderate-sized runoff events that watershed development can cause.  However, further research 

of extended detention criteria is necessary to demonstrate adequate channel protection.  
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Section 2 
Introduction

Background 

Excessive peak flows resulting from urbanization and the resulting increase in impervious areas is a wide-

spread problem throughout much of the Rouge River Watershed.  The Rouge River Remedial Action Plan 

(RAP), completed by MDEQ in 1989 and updated in 1994, identifies surge flows and streambank erosion 

as significant contributors to impaired uses in the Rouge Watershed, including loss of habitat and 

degradation of fish populations, benthos and aesthetics.  

Communities in the Main 1-2 Rouge River Subwatershed joined together in 1998 and created a 

Subwatershed Advisory Group, or SWAG, to develop a subwatershed management plan to identify 

impairments in the subwatershed, establish goals and determine actions necessary to restore and protect 

the Main 1-2 Subwatershed.  The following long-term goals, from the Main 1-2 Subwatershed 

Management Plan completed in May 2001, clearly recognize the negative impacts of excessive peak 

flows and erosion on the watershed: 

Restore/Maintain Aesthetically Appealing Conditions 

Improve and Maintain River Ecosystem for Fish and Wildlife 

Minimize the Amount of Soil Erosion and Sedimentation 

Minimize Flow Variability and Associated Negative Impacts 

As an initial step toward fulfilling these watershed goals, the Oakland County Drain Commissioner’s 

Office (OCDC) – on behalf of the Main 1-2 Subwatershed communities – developed a grant proposal to 

conduct an inventory and assessment of stormwater detention basins.  Although Oakland County 

communities have for many years required on-site stormwater detention for new development, many 

detention basins are not functioning as designed.  This may be due to incomplete construction and/or poor 

maintenance.  Furthermore, many communities have incomplete or inadequate records of existing 

detention basins in their jurisdiction, and modern detention pond design standards have improved.  The 

purpose of the project, as stated in the grant application submitted in October 2000, is to identify and 

make recommendations for detention pond improvements to existing detention facilities in the Main 1-2 

Subwatershed. 
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At the same time, OCDC also submitted a separate grant proposal to conduct an inventory of streambank 

erosion in the Main 1-2 Subwatershed.  That grant proposal was also approved for grant funding.  

In April 2003, OCDC solicited Statements of Qualifications from consulting firms interested in 

performing both the detention basin and streambank erosion inventories.  After reviewing the Statements 

of Qualification, OCDC selected a “short list” of consultants and requested that they submit Proposals for 

Engineering Services (June 2003).  OCDC ultimately selected the team of Limno-Tech Inc. and Hubbell, 

Roth & Clark, Inc. to conduct the inventory studies, with HRC conducting the detention basin inventory 

part of the project. 

Project Purpose and Scope

Simply stated, the purpose of the Main 1-2 Detention Basin Inventory Study is to identify, prioritize, and 

make recommendations for maintenance and possible design improvements for existing detention basins 

in the Main 1-2 Subwatershed.  This is the initial step toward realizing the broader, longer-term goal of 

minimizing flow variability and increasing detention basin pollutant removal efficiencies. 

In order to achieve the stated purpose and goals and to meet the objectives of the grant, HRC conducted 

the following scope of activities:

1. Inventory of existing detention basins based on existing data, maps and drawings provided by the 

communities; 

2. Field assessment of each detention basin to document physical and hydraulic characteristics, 

determine if the basin was built and is functioning as designed, verify land use and document 

existing condition; 

3. Evaluation of data collected in inventory and field assessment resulting in prioritization of basins 

and recommendations for maintenance and/or retrofit; 

4. Report summarizing findings.  

Each of these tasks is described in more detail in subsequent report chapters. 

The grant application and scope of work developed by OCDC anticipated that 381 basins would be 

included in the study.  This number was based on estimates provided by each participating community.  

The actual number of basins inventoried was 373.  The following table summarizes the communities and 

number of basins in each as well as indicating if plan review information was available. 
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Summary of Detention Basins by Participating Community

Community Originally Estimated 
No. of Basins 

No. of Basins with 
Plan Information 

Available

No. of Basins Assessed 
in Field 

Beverly Hills 2 2 2 
Bingham Farms 7 3 7 
Bloomfield Twp. 55 42 55 
Rochester Hills 60 52 53 
Southfield 150 147 149 
Troy 18 18 18 
West Bloomfield Twp. 89 72 89 
Total 381 336 373 

GIS Database 

All data collected during the detention basin inventory and field assessment was incorporated into a GIS 

database (compatible with the existing Oakland County GIS) and provided to each participating 

community on a compact disk (CD).  

HRC utilized several sources of information to populate the database. Basic basin information – including 

site name, general location, and ownership - was obtained from the communities themselves, from the 

existing Oakland County GIS, and from plans and file records.  More specific information on the size, 

volume, design, tributary land use, and other characteristics of each detention basin was gleaned from 

plans and records provided by each community.  Information gleaned from the plans was then verified 

during the field assessment.  Additional parameters were also collected during the field investigations, 

such as Geographic Positioning System (GPS) coordinates for each detention basin outlet, photographs, 

and visual observations.  All photos collected in the field have been incorporated into the GIS. 

Tables 7.1A, B, C and D (Section 7) identify and describe the data fields or attributes collected for each 

detention basin.  These tables also identify the source of each attribute, i.e., community, plans, field, etc. 

Tables 7.3A, B, C, and D show all of the data collected during the inventory and field assessment.  All of 

this data may also be viewed via the GIS. 
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Participating Communities

The following communities in the Main 1-2 Rouge River Subwatershed participated in the detention 

basin inventory. For communities that lie in multiple subwatersheds, only the detention basins in the Main 

1-2 subwatershed were part of this project. 

Village of Beverly Hills  

Village of Bingham Farms  

Bloomfield Township  

City of Rochester Hills 

City of Southfield  

City of Troy  

West Bloomfield Township 

The Cities of Farmington and Farmington Hills chose not to participate in the grant study, and opted to 

conduct an inventory of its detention basins on its own.  The Cities of Birmingham and Bloomfield Hills, 

and the Village of Franklin did not participate in the grant study, because they have no detention basins.  

A number of retention basins under the jurisdiction of the Oakland County Drain Commissioner were also 

included in the study. 
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Section 3 
Inventory of Known/Existing Detention Basins 

Inventory Methodology

The first task of the project was to develop an inventory of the existing detention basins based on existing 

data, maps and drawings provided by the communities.  The goal of this task was to find out what 

information is available and record it. 

Community Meetings to Solicit Available Information

HRC’s initial step in developing the detention basin inventory was to obtain and compile existing records 

regarding each detention basin.   To facilitate this effort - as well as to provide the communities with 

information on the anticipated activities, schedule and outcomes for both the streambank erosion and 

detention basin inventory studies – LTI and HRC conducted a series of project kick-off meetings with the 

communities.    

At the meetings, each community described the extent and quality of the existing information and records 

they would be able to provide.  Subsequently, each community provided copies of their available 

information.  Table 3.1 summarizes the meeting dates, attendees and key items discussed.  

As might be expected, the extent and quality of information varied dramatically - from communities that 

did not have many files, as-built drawings or other records of their detention basins to communities that 

maintained complete files including design calculations, drawings, inspection records and maintenance 

agreements.   

Perhaps the most challenging aspect of this task was obtaining detention basin plans from the 

communities in a timely manner.  Regularly updating the database system will be critical in managing 

records of future basins. 

OCDC and the participating communities had various methods of managing detention basins.  Some of 

these include: 

Several communities had their as-built drawings scanned and preserved electronically.  Records 

of older basins were often no longer available, misfiled, or illegible. 



  Rouge Main 1-2 Subwatershed 
y:\200302\20030279\design\report\text\rpt01.doc 3-2 Detention Basin Inventory 

The City of Rochester Hills had an inspection form that they use for periodic basin inspections 

and prioritization of problems. 

West Bloomfield Township managed several residential basins by having them designated as part 

of an OCDC Chapter 18 drain. 

The City of Troy has taken over the maintenance of residential subdivision basins where the 

neighborhood association had disbanded. 

Some communities have developed design requirements in addition to Oakland County’s 

standards such as extended detention, although they may not yet be formally adopted. 

These forms, policies, and procedures could assist the Main 1-2 group in future basin planning, 

regulation, and management.  Sharing and building on these methods will enable better management of 

detention facilities in the future. 

Plan Review

HRC conducted a thorough review of the community-provided information for each detention basin and 

compiled the information in a GIS database.  Loosely referred to as “plan review”, HRC reviewed all 

information provided, including design calculations, design drawings, as-builts and other file information 

(if provided). 

   

Prior to reviewing the plan information, HRC sent the list of data parameters to each of the participating 

communities for review and comment.  

Of the total 373 detention basins that were part of this study, 336 basins had plans and/or other files, 

records or information that was reviewed in this task.  The database indicates if plan information was 

available/provided or not. 

Summary of Inventory Results 

The inventory results are shown in Tables 7.3A, B, C, and D along with the results of the field 

assessment. 

This information is also in the GIS database provided to each community.  
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Section 4 
Field Assessment 

Field Protocol/Methodology 

The primary goal of the field assessment was to determine, for each detention basin, if the basin was 

constructed according to its original design and whether it is now functioning as designed.  Associated 

objectives for the field assessment include:  

Verify existence and location of each basin;  

Verify (through field measurements) whether actual dimensions (length, width, depth, 

volume, etc.) meet original basin design; 

Verify if inlet and outlet structures are present and operational;  

Document maintenance needs; 

Document safety concerns;  

Determine if there is potential for basin expansion and/or retrofit; 

Document other comments and/or observations;  

Collect GPS coordinates. 

Due to grant project budget constraints, the field assessment was designed to be brief and focused.  To 

facilitate the field assessment, minimize the amount of time needed in the field, and ensure quality data, 

the project team took the following steps:  

Prior to initiating the fieldwork on a full scale, HRC conducted “dry run” assessments at a 

handful of test basins with all personnel that would be involved.  These dry runs were conducted 

to work out the bugs, find the quickest means to collect the necessary data, and ensure 

consistency in data collection from person to person and team to team.  

Prior to heading out to the field, each crew was provided with copies of the detention basin plans 

(if available) as well as the list of attributes gleaned from the plan review (See Section 3) for each 

basin to be field assessed by that crew that day.  This allowed the crews to orient themselves 

quickly and focus on confirming already identified attributes. 
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Field crews documented the field measurements on a Data Collection Form (shown in Figure 4.1) 

using hand held computers.  The data entered onto the hand held computers could then be 

downloaded to a database for QA/QC review and subsequent uploading to the GIS.  

To the extent possible, the field crews assessed basins in proximity to minimize travel times 

between basins. 

Where possible, field crews took digital photos of each basin and its key structural components.  No 

photo was taken at basin 142 due to overgrown conditions and the fact that no structures were found. 

In order to identify the basin Inflow, Outflow, and Overflow structures in the photographs, field crews 

placed a chalkboard showing the unique structure ID number and an arrow indicating the direction of 

flow near the structure.  Upon processing the photos, it was noted that the directional arrow shown is 

incorrect in a handful of cases.  Therefore, in the majority of cases the directional arrow indicated in the 

photograph is correct, but the text should be referenced to ensure accuracy. 

Summary of Field Assessment Results  

The data attributes collected during the field assessment are listed in Table 7.1A, B, C, and D along with 

the attributes collected during the plan review (described in Section 3).  Table 7.2 lists commonly used 

abbreviations in the database. 

The results of the field assessment are presented in Tables 7.3A, B, C, and D, along with data compiled 

during the plan review.  Table 7.3A presents basic basin data; 7.3B presents basin inlet data; 7.3C 

presents basin outflow data; and 7.3D presents basin overflow structure data.  Data for all 373 basins is 

presented in these tables, in order of Basin ID number. 

Many parameters/attributes were collected during the plan review and subsequently verified in the field.  

The database and Tables 7.3A, B, C, and D present both the value gleaned during the plan review as well 

as the value measured in the field, in side-by-side columns allowing comparison.  Data collected in the 

field is highlighted in green. 
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Figure 4.1: Sample Field Data Entry Form 

BasinID _____________ Date _______________  LandUse ____________ PhotoID ______________________ 

SiteName ___________________________________________ Location ___________________________________________ 

Storage Depth ____________________    StorageVol Provd ____________________________ 

Freeboard _______________________    Area ______________________________________ 

PoolVolume _____________________    PoolDepth _________________________________ 

SideSlopes ______________________    Basin Type ________________________________ 

Sediment _______________________________________________________________________________________________

Soils Desc ______________________________________________________________________________________________

VegClass _______________________________________________________________________________________________

VegIndicators _______________________________________ ExpansionCap (%) ___________________________________

InflowID _____________ InflowID _____________ InflowID _____________ InflowID _____________ 

Location ____________ _ Location ____________ _ Location ____________ _ Location ____________ _ 

Dia/Mat’l ____________ Dia/Mat’l ____________ Dia/Mat’l ____________ Dia/Mat’l ____________ 

Condition ____________ Condition ____________ Condition ____________ Condition ____________ 

OutflowID _________________ OutflowID _________________ OutflowID _________________  

Location ___________________ Location ___________________ Location ___________________  

Dia/Mat’l __________________ Dia/Mat’l __________________ Dia/Mat’l __________________ 

Condition __________________ Condition __________________ Condition __________________  

OverflowID ________________    OverflowID ________________ 

Location ___________________    Location ___________________ 

Description ________________________________________ Description _________________________________________

Comments ______________________________________________________________________________________________

_______________________________________________________________________________________________________

Recommendations ________________________________________________________________________________________

_______________________________________________________________________________________________________
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Section 5 
Evaluation & Ranking 

Scoring Methodology 

HRC’s first step in evaluating and ranking the 373 detention basins in the study was to develop an 

objective scoring methodology that could be applied to each basin. In order to be useful and effective, the 

methodology needed to be straightforward, relatively simple to apply, and understandable.   

Scoring Categories 

Based on the goals and objectives identified in the grant application as well as input from the Oakland 

County Drain Commissioner’s Office and the communities, HRC determined the following six categories 

of concern to be considered in evaluating each detention basin: 

1. Basin Hydraulics/Construction 

2. Maintenance

3. Water Quality 

4. Basin Retrofit Potential 

5. Safety 

6. Aesthetics 

Individual Category Criteria 

To apply the methodology, each basin would be ranked on a scale of one to ten in each of the six 

categories, with 1 being “good” or “low priority” and 10 being “very poor” or “high priority”.  One 

person completed all of the scoring to ensure consistency.  This individual also supervised the plan review 

and field operations and was most familiar with the data and field conditions. 

Table 5.1 identifies the criteria considered in determining the category rankings. 

Category Weighting

Weighting factors were assigned to each of the six categories.  While each of the categories is relevant in 

evaluating the overall condition of a given detention basin, it was decided that the first two categories – 

hydraulics and maintenance - were the most highly significant.  It was then decided that the next two 

categories – water quality and retrofit potential – were slightly less significant, followed by safety and 
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aesthetics with less significance (but certainly still relevant).   Higher weighting factors were assigned to 

the first two categories, with lesser weighting factors assigned to the other categories.   

Table 5.1 shows the weighting factors assigned to each category.

Community Input

Prior to applying the scoring methodology, HRC sent it to each of the participating communities and the 

county for review and comment.  While six (6) of the seven (7) communities and the county responded 

that they had received and reviewed the draft methodology, only two communities had comments or 

suggestions and these were minor.  HRC modified and finalized the draft methodology based on these 

comments.  Table 5.1 lays out and describes the final scoring methodology.  

Scoring Results 

After receiving consensus from the participating communities, HRC applied the methodology to each of 

the 373 basins.  Utilizing the data collected during the plan review and field assessment portions of the 

study, HRC scored each detention basin in each of the six categories, applied the weighting factors 

calculated an overall basin score between 1 and 10.  

HRC documented the scoring for each individual detention basin on the scoring sheet shown in Table 5.2. 

Table 5.3 shows the results of the overall detention basin scoring.  The table shows all of the detention 

basins sorted by overall score, with the highest scoring (i.e., highest priority) basins listed first.  The 

‘Total Weighted Score’ provides a way to summarize the overall results.  Some basins with a low to 

moderate overall rating may have significant problems in an individual ranking category.  A summary of 

findings and observations is provided for each of the individual ranking categories on the following 

pages.  In the overall scoring and prioritization, the ‘highest priority’ basins were considered to be those 

that scored 6 and higher.  However, as noted in the following discussion, the “highest priority” in some of 

the individual categories was based on ratings of 7 or higher.   

The overall detention basin prioritization can be summarized as follows: 
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Priority Total Weighted Score Number of Basins Percentage of Basins
Highest Priority 6.0 and higher 94 25
Moderate Priority 4.0 to 5.9 196 53
Lesser Priority less than 4.0 83 22
 Total 373 100

Findings and Observations 

Types of Detention Basins Found in the Main 1-2 Subwatershed

The sizes, shapes, styles, hydraulic structures, and in some cases design criteria, of the basins in the Main 

1-2 Subwatershed varied greatly.  The majority of the detention basins were dry basins designed for flood 

protection.  However, for evaluation and planning purposes, it was useful to classify the rest of the basins 

into specific types.  Design criteria and basin modifications have evolved over the years so that there are 

many types of basins being constructed in different regions of the country.  Many of the detention basins 

in the Main 1-2 were unique. Table 5.4 describes the characteristics of each basin type used for the 

purposes of the inventory.  There were ten different types of basins and three that provided a combination 

of two types of detention for a total of thirteen basin types.  The basin type for each of the 373 detention 

basins is indicated in the database and Table 7.3A.  Further discussion and description regarding these and 

other types of basins is provided in Section 6. 

Basin Hydraulics/Construction

The purpose of evaluating the basin hydraulic characteristics was to determine if the basin was 

functioning as designed.  Hydraulic characteristics considered include:  

was enough storage volume provided? 

was the basin discharging at the rate allowable by county standards (restrictor size)? 

was there an emergency spillway? 

were plans/design calculations available? 

was the basin generally constructed as designed?   
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The following findings and observations relate to basin hydraulics and as-built characteristics: 

Based on the Basin Hydraulics/Construction ranking category alone, approximately 59% of the basins 

would be considered high priority, with an individual category ranking of 7 to 10.   

Complete plans and calculations were not available for over 40% of the basins. 

For nearly 50% of the basins, it was not possible to compare the measured basin storage volume to 

the required storage volume.  For over 40% of the basins, the required storage volume was not 

provided on the plans or calculations.  For almost 10% of the basins, the storage volume could not be 

measured in the field because an Outflow could not be found or because of overgrown conditions.  Of 

the basins where the measured storage volume could be compared to the required volume, 

approximately 12% provided less than half of the required storage volume and 25% provided less 

than 75% of the required storage volume.   

In many cases the size of the restrictor could not be verified in the field because the Outflow structure 

was not found, it was buried in sediment, or there were inadequate design calculations.  The restrictor 

size was either not verifiable or was not adequate in over 33% of the basins.  The presence of an 

Outflow was recorded in the field for almost 82% of the basins. 

Approximately 43% of the basins did not have an Overflow structure or emergency spillway 

identified in the field. 

There was no measurable freeboard at over two-thirds of the basins.  This was usually because the 

basin did not have an overflow, but in some cases this was because the overflow was either not 

properly graded or located.  Seventy-eight percent (78%) of the basins provided no freeboard or less 

than 1 foot of freeboard. 

Freeboard (ft) No. of Basins % of Basins 
0 256 68.6 

0.1 to 0.9 35 9.4 
1.0 to 1.4 41 11.0 
1.5 to 1.9 8 2.1 

2.0 and more 33 8.8 
Total 373 100 
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It is important to note that a high ranking in the Basin Hydraulics/Construction ranking category does not 

necessarily mean that the basin was improperly constructed.  As noted previously, in some cases, design 

calculations were not available.  In other cases the restrictor may have been buried or located in a 

downstream manhole and could not be verified.  These basins would require further investigation. 

Basin Maintenance

Several indicators were considered during the maintenance ranking including erosion, sedimentation, 

structure blockages, condition of pipes and structures, and accumulation of litter and debris.  The 

following findings and observations relate to basin maintenance: 

Based on the Maintenance ranking category alone, approximately 46% of the basins would be 

considered highest priority, with an individual category ranking of 7 to 10.  

Most small pipes, i.e. those 6 inches or less in diameter and not thought to be storm sewers based on 

plans or field observation, were not assigned an “Inflow ID”.  These pipes, when observed, were 

noted in the ‘Comments’ section of the field assessment.  Most were 4” footing or roof drains or 2” 

irrigation lines.  They were rarely shown on plans and were difficult to find in the field.  

Sediment bars, algae, litter, and organic debris were observed deposited in front of many of the 

Inflow pipes.  Almost one third of the Inflow pipes had some blockage and over 7% of the Inflow 

pipes were more than half blocked.  Approximately 9% of the Inflow pipes, other than those listed in 

the table below, were underwater and the amount of blockage could not be estimated.   

Estimated Blockage  
(% of pipe diameter)

No. of Inflows 
(out of 513) % of Inflows 

3 to 25 74 14.4 
26 to 50 40 7.8 
51 to 75 8 1.6 

76 to 100 30 5.8 
Yes - Qty. Not Estimated 17 3.3 

Total 169 32.9 

Algae in the Inflow pipe was noted approximately 3% of the time.   
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Almost 5% of the Inflow pipes need some form of structural repair. The Inflow pipe was either 

deteriorated or broken, or the end-section was separated.   

Strong odors such as sewage, oil, mustiness, or decayed organic matter was noted in five (1%) of the 

Inflows.  Suspected illicit discharges were reported to the community.  

Over 30% of the Outflow pipes were blocked with sediment, riprap, vegetation, and/or debris.  The 

condition of some Outflow pipes could not be verified because they were not found or they were 

submerged.  Blockage of the Outflow from the basin has a significant impact on the basins hydraulic 

characteristics, its ability to drain, and represents a possible threat to flooding.  Over 12% of the 

Outflow pipes were more than half blocked.  Other than those pipes listed in the table below, over 

12% of the Outflow pipes were more than half blocked, over 5% of the Outflows were underwater, 

and over 18% of Outflows were not found.  

Estimated Blockage 
(% of pipe diameter)

No. of Outflows 
(out of 313) % of Outflows 

3 to 25 12 3.8 
26 to 50 17 5.4 
51 to 75 4 1.3 

76 to 100 65 11.2 
Yes - Qty. Not 

Estimated 27 8.6 
Total 125 30.4 

 Almost 5% of the Outflow pipes were in need of some form of structural repair. Either the Outflow 

pipe was deteriorated, or broken, or the end-section was separated.   

When constructed properly, the overflow structures were generally in good condition.  This is 

probably because the flows do not often reach the overflow elevation.  Over 75% of the observed 

Overflows were in good condition.  Over 56% of basins did not have an Overflow structure or 

emergency spillway.  Some problems with Overflows noted include: 

o Storm sewer manholes that looked like they were overflow structures had solid covers; 

o Some riprap secondary Overflow spillways were not properly graded into the berm so that 

they created a mound of riprap instead of a spillway; 

o Some Overflows were blocked with sediment or debris; 
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o Some were overgrown with vegetation; 

o Some had minor erosion; and  

o Some (about 8%) had sediment deposited within the sump of the structure. 

Sedimentation of the detention basins was not prevalent.  Where the sediment depth could be 

estimated, only 7.8% of the basins had more than 1 ft of sediment. Basin sedimentation of detention 

facilities was estimated using visual observation, depth probes, eye level equipment, and 

measurement of pool depth (to the nearest ft.).  The purpose of recording this parameter was not to 

complete a detailed survey to quantify the sediment quantity and exact loss of potential storage, but to 

provide a preliminary assessment of the extent of the problem (if one exists) and to prioritize the need 

for further investigation.   

Quantifying sedimentation of detention basin facilities was very difficult or not possible in many 

basins due to several factors including: 

o Sediment deposition was not uniform.  Sediment bars and depositional areas were often 

visible near the Inflow pipes.  Sediment and debris was sometimes dumped in isolated areas 

over the bank. 

o Many basins were overgrown with cattails, phragmites, or other invasive wetland species 

making the site inaccessible and/or sediment measurement impossible.  (Once the site is 

constructed and stabilized, dry detention basins (over 50% of the total) typically accumulate 

sediment at only a rate of about 0.5 to 1 in. of sediment per year (Pitt, R., 2003).)  Therefore, 

in basins with dense forms of vegetation such as turf grass or invasive wetland species, there 

may be no visual indicators of historic sediment accumulation. 

o In wet basins, the amount of sediment was estimated by measuring the pool depth and 

subtracting this value from the as-built or design pool depth.  In most cases (63.3% of the 

time), the pool depth of the basin was not available. 

Wet Basin 
Pool Depth 

No. of
Wet Basins 

% of
Wet Basins 

Not Available 62 63.3 
less than 3 ft 16 16.3 
3.0 to 5.9 10 10.2 
6.0 and deeper 10 10.2 
Total 98 100 
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A summary of the quantity of basin sedimentation is listed in the table below. 

Description of Basin Sedimentation 
No. of 
Basins

% of 
Basins

Not Available 82 22.0 
Some – Quantity Not Available 57 15.3 
Minimal 153 41.0 
0.2 to 1 ft 52 13.9 
1.1 to 2 ft 18 4.8 
2.1 to 3 ft 7 1.9 
> 3 ft or full 4 1.1 
Total 373 100 

In situations where the detention basins had been used as sediment basins during construction, the 

basin was often over-excavated to provide a few feet of ‘sacrificial storage’ below the elevation 

of the outflow structure.  Although a foot or two of sediment may be present in the basin below 

the elevation of the restrictor, it would not affect the storage volume provided.  This was 

accounted for during the field assessment. 

Erosion of side slopes, pipes, and structures was common due to a lack of adequate permanent 

erosion control measures.  Although a review of the Soil Erosion and Sediment Control Plan was 

not within the scope of work of this project, adequate permanent erosion control practices were 

not usually specified on the plans.   

Detention basins serving tributary areas that were still under development and construction had 

turbid water, high levels of sediment deposition, and excessive sedimentation at the Inflow 

structures.  These (and other observations) indicate that adequate erosion control practices are not 

being implemented in the tributary area to prevent excessive sedimentation of detention basins.  

Although many detention basins are used as sediment basins during construction, Best 

Management Practices dictate that a treatment train approach (erosion control plus several lines 

of sediment control before reaching the basin) should be used to adequately contain sediment on 

the site.  With some recently constructed basins that were used for sediment control during 

construction, there is some evidence that sediment was not adequately removed following 

construction. 
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Although sedimentation of the basins was not prevalent, sediment accumulation in sumps, pipes 

and structures was very common.  Some important conclusions can be drawn from these 

observations. 

o The depth of many dry basins was over-excavated during construction to provide 

sediment storage during construction or to reduce the maintenance period.  The soils at 

most of the basins are poorly drained.  Therefore,  as the sediment, silt, and organic 

matter accumulates to the lower elevation of the design storage, the basin usually has the 

following characteristics: 

The bottom of the basin fills with organic matter, sand and silt and associated 

nutrients and pollutants. 

This loose sediment is easily flushed out of the basin during the next storm event, 

particularly when the outlet is a straight restricted (or unrestricted) pipe. 

Invasive plants such as purple loosestrife, phragmites, cattail, and buckthorn 

become established in the disturbed soils.  Other plant species may not be able to 

become established because of the nutrient levels and, in some cases, other 

pollutants.

Algae and organic matters decays and can cause problems with odor and 

aesthetics. 

Water Quality

During the plan review, no quantitative design criteria were noted for detention basins to provide water 

quality treatment benefits.  Because there were no established water quality control design criteria or 

requirements, there could be no determination of whether the basins were achieving adequate water 

quality control. It was not within the inventory study scope to conduct any water quality analysis during 

the field assessment.  Visual observations (such as oil sheen, odors, litter, sediment, or excessive algae) 

were used to rank the basins in terms of water quality problems, i.e. was the basin acting as an obvious 

source of pollution. 

Based on the Water Quality ranking category alone, 17% of the basins would be considered poor 

or high priority (rated 6 or higher), 19% would be considered moderate (rated 4 to 5), and 64% 

would be considered good or low priority (rated 3 or less).   

It is important to note that the lowest rated basins in this ranking category did not necessarily provide 

good water quality effluent.   Although urban development may increase nutrient runoff by 200-300% 
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(University of Wisconsin – Madison, 2004), dry detention basins typically only provide about 10% TSS 

removal and no nutrient removal (Schueler, 1995).  However, for this project most dry basins were rated 

at about 3 for water quality because there were no visual indicators that the basin was acting as a 

significant source of pollutants.   

Basin Retrofit Potential

The retrofit potential of the basin (i.e. the ability to re-construct the basin into a new type of facility to 

provide additional benefits) depends on many site characteristics such as: the location of utilities, 

ownership, topography, availability of land, soils analysis, receiving water conditions and many other 

factors.  These factors were not fully assessed as part of this inventory, however, preliminary information 

was compiled to provide guidance on retrofitting opportunities.  The following findings and observations 

relate to basin retrofit potential: 

Based upon Retrofit Potential ranking category alone, approximately 19% o the basins would be 

considered ‘highest priority’, with an individual ranking of 7 to 10.  Table 5.5 shows the highest 

ranked basins listed in order of retrofit potential.  The table below summarizes the highest ranked 

basins in the Retrofit Potential category.  

Retrofit Potential 
Ranking Category Rating 

No. of Basins  
with High 

Retrofit Potential

% of Basins
with High Retrofit 

Potential
10 0 0 
9 10 2.7 
8 25 6.7 
7 36 9.6 

Total 71 19.0 

 In the field, the available possible expansion area was estimated (to the nearest 25%) because 

modifying the basin type to provide increased benefit typically requires adding additional storage 

volume.  The following table summarizes the expansion capacity of the highest ranked basins in the 

retrofit potential category.  Table 5.5 shows the expansion capacity of each of the highest ranked 

basins. Many of the basins were ranked highly as possible retrofits because they had room for 

expansion. Other basins in which a retrofit would provide benefit were not rated as high because of a 

lack of space.  Although some of the higher ranked basins have little room for expansion, many of 

them were ranked higher because the basin is providing more storage than originally required, land 
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use, the depth of stage may be increased, or the basin was highly in need of extensive maintenance 

such as excavation and Outflow modification.  The following table summarizes the expansion 

capacity of basins with high retrofit potential. 

Potential Expansion 
Capacity (%) 

No. of Basins  
with High Retrofit 

Potential

% of Basins
with High Retrofit 

Potential % of All Basins 
100 21 29.6 5.6 
75 2 2.8 0.5 
50 6 8.5 1.6 
25 6 8.5 1.6 
0 36 50.7 9.7 

total 71 100 19 

When considering cost-effectiveness of a particular basin retrofit, it is beneficial to look at the size of 

the basin and the contributing acreage that is being treated.  The following tables classify the storage 

volume and contributing acreage of the basins with highest retrofit potential. 

Storage Volume 

No. of Basins  
with High Retrofit 

Potential

% of Basins
with High Retrofit

Potential % of All Basins 
N/A 12 16.9 3.2 
<100,000 38 53.5 10.2 
100,000 to 200,000 14 19.7 3.8 
200,000 to 500,000 4 5.6 1.1 
500,000 to 1,000,000 2 2.8 0.5 
>1,000,000 1 1.4 0.3 
Total 71 100 19 
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Contributing
Acreage

No. of Basins 
 with High Retrofit 

 Potential 

% of Basins
with High Retrofit

Potential % of All Basins 
N/A 31 43.7 8.3 
<10 13 18.3 3.5 
10 to 20 12 16.9 3.2 
21 to 30 9 12.7 2.4 
31 to 50 2 2.82 0.5 
>50 4 5.63 1.1 
Total 71 100 19 

The table below classifies the land use of the basins with highest retrofit potential.  Most of the 
highest ranked basins are located within residential and commercial land uses. 

Land Use 

No. of Basins  
with High Retrofit 

 Potential 

% of Basins
with High Retrofit

Potential % of All Basins 
Res. 37 52.1 9.9 
Commercial 26 36.6 7.0 
Industrial 3 4.2 0.8 
Institutional 3 4.2 0.8 
Commercial/ 
Industrial 1 1.4 0.3 
Residential/
Commercial 1 1.4 0.3 
Total 71 100.0 19 

Safety

One of the concerns regarding detention basins is safety.  Although this was not a primary purpose of the 

project and the results are in no way to be considered a thorough investigation of all aspects of basin 

safety, some general observations regarding safety factors were recorded. 

The following findings and observations related to basin safety: 

Based on the Safety ranking category alone, 4% of the basins were rated poor or high priority (6 or 

higher), 14% were rated moderate (4 to 5), and 82% were rated good (3 or less).  This may be due to 

the high number of dry, turf grass basins in the subwatershed.  The basins had to have obvious safety 

issues to be given a very high rating.   
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Some safety issues observed include broken or dislocated bar grates, deep muck bottoms, illicit 

connections and discharges, steep side slopes, broken concrete, accessible wet basins with deep pools, 

and broken structures and end-sections.   

There were also some basins that presented safety issues for pets or wildlife. 

Turtle trapped in Outflow structure.  Snake trapped in Outflow structure. 

Signage is sometimes required for wildlife protection. 
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Aesthetics

Evaluating and ranking basin aesthetics is somewhat subjective.  Most basins were assigned a rating of 

good or moderate unless there were obvious problems with factors such as pollution, odors, or litter.  The 

following findings and observations relate to aesthetics: 

Based on the Aesthetics ranking category alone, approximately 22% of the basins were rated poor (6 

or higher), 56% were rated moderate (4 to 5), and 22% were rated good (3 or less).   

Observed aesthetic issues include the following: 

o Side slope erosion in the form of minor slumping and excessive rill erosion was common.  It 

was usually caused by basins not being properly stabilized when constructed.  In some cases 

it appeared that the basins became inundated for a long period, possibly due to a blocked 

outflow and saturated the banks or killed upland vegetation. 

o Excessive sedimentation and associated problems with sediment bars, odors, and blocked 

structures.

o Overgrown conditions and invasive plant species were common. In many dry basins, the side 

slopes were overgrown with buckthorn and the basin bottom and pipe end-sections were 

overgrown with cattails, or phragmites.  This often occurred when a dry basin was fenced 

which limited access for maintenance. Where shallow ponding of water occurred in dry 

basins, algae and an overgrowth of invasive wetland plants on the basin bottom were 

common. Nuisance levels of algae and aquatic vegetation were the most likely to receive 

complaints due to their impacts on aesthetics and odors. 

.

Invasive Plant Species % of Basins 
Aquatics 2.1 
Phragmites 12.1 
Buckthorn 12.3 
Purple Loosestrife 15.3 
Algae 18.5 
Cattails 31.1 
None 23.6 

o Broken concrete, limestone riprap, separated end-sections, and broken pipes were observed 

periodically.
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o Droppings from ducks, pets, and particularly from geese were a common problem.  Many 

ponds had fencing, monofilament lines, and plastic owls installed along the shoreline to deter 

geese.  One pond had several mutilated geese around its shore.  Goose droppings not only 

affects water quality, but also is a factor in pond eutrophication and excessive algae growth. 

o Litter was noted in 11 basins: 6 commercial, 4 residential, and 1 industrial land use.  

However, the most extensive littering was found in the basins with commercial land use. 

o Of the 98 basins with wet pools, 39 had fountains and one of those had several aerators.   

o Nuisance algae and invasive aquatic plants (pondweeds) were noted in approximately 8% of 

the basins with wet pools. 
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Table 5.2: Prioritization: Score Sheet for Individual Basins 

Basin Name/ID ________________________________________________________________ 

Reviewer Name/Date: ___________________________________________________________ 

Basin Hydraulics 
Actual volume vs. design volume Basin volume > required 

Basin volume < required (_____ %) 
Restrictor presence/ size vs. design 
Overflow structure 
Bar grates 
Availability of design info 

Maintenance 
Blockages Clear 

_____% blocked 
Erosion - around structures 
             - side slopes 
             - bottom  

Mild  
Moderate 
Severe 

Condition of pipe sections  
Sediment  
Accumulation of vegetation &/or leaves  

Water Quality 
Buffer  
Algae
Odors, discoloration, oil sheen  

Illicit discharge/connection  
Yard waste, droppings, litter  
% and type of vegetative cover   

Retrofit Potential 
Availability of space  
Drainage area/storage volume  
Land use, accessibility,   

Safety 
Side slopes > 4:1? 
Fence and/or safety shelf  
Broken bar grate(s)  
Broken end section(s)  

Aesthetics 
Invasive plants  
Nuisance algae or aquatic vegetation  
Yard waste, droppings, litter  
sediment  



 
 

R
ou

ge
 M

ai
n 

1-
2 

Su
bw

at
er

sh
ed

 
y:

\2
00

30
2\

20
03

02
79

\d
es

ig
n\

re
po

rt\
te

xt
\rp

t0
1.

do
c 

5-
18

 
D

et
en

tio
n 

B
as

in
 In

ve
nt

or
y 

T
ab

le
 5

.3
: D

et
en

tio
n 

B
as

in
 P

ri
or

iti
za

tio
n 

– 
Fi

na
l S

co
ri

ng
 

C
V

T
B

as
in

 ID
Si

te
N

am
e

B
as

in
 

H
yd

ra
ul

ic
s

M
ai

nt
en

an
ce

W
at

er
 

Q
ua

lit
y

R
et

ro
fit

 
Po

te
nt

ia
l

Sa
fe

ty
A

es
th

et
ic

s
W

ei
gh

te
d 

T
ot

al
So

ut
hf

ie
ld

15
4

H
am

pt
on

 H
ot

el
9

8
10

8
8

7
8.

5

W
es

t B
lo

om
fie

ld
 T

w
p

50
3

W
oo

dc
lif

f o
n 

th
e 

La
ke

10
10

6
7

7
8

8.
5

W
es

t B
lo

om
fie

ld
 T

w
p

46
1

Po
to

m
ac

 T
ow

ne
 1

 - 
ba

si
n 

2
9

10
6

9
6

7
8.

3

So
ut

hf
ie

ld
11

0
C

he
lse

a 
C

ro
ss

in
g 

tw
nh

se
 C

on
do

s
10

10
8

7
2

8
8.

3

So
ut

hf
ie

ld
52

4
W

ea
th

er
st

on
e 

N
. T

ow
nh

ou
se

s -
 S

 
ba

si
n

10
10

6
9

3
6

8.
2

R
oc

he
st

er
 H

ill
s

31
8

Lu
ed

er
s D

ra
in

 R
eg

io
na

l -
 M

id
va

le
 

ba
si

n
10

10
4

8
6

6
8.

0

So
ut

hf
ie

ld
28

8
Sa

m
's 

C
lu

b
10

4
10

6
10

10
7.

9

W
es

t B
lo

om
fie

ld
 T

w
p

45
4

W
es

tw
oo

d 
O

ff
ic

e 
C

en
te

r
10

10
3

6
6

7
7.

7

R
oc

he
st

er
 H

ill
s

32
9

A
da

m
s O

ak
s

8
10

8
4

5
8

7.
6

So
ut

hf
ie

ld
22

6
W

ill
ow

tre
e 

A
pa

rtm
en

ts
9

9
4

9
5

6
7.

6

W
es

t B
lo

om
fie

ld
 T

w
p

39
5

C
V

S 
Ph

ar
m

ac
y

9
7

8
8

3
8

7.
5

R
oc

he
st

er
 H

ill
s

30
9

N
or

th
fie

ld
 In

du
st

ria
l

10
10

4
8

2
4

7.
4

W
es

t B
lo

om
fie

ld
 T

w
p

39
9

Ja
ck

 C
au

le
y 

C
he

vr
ol

et
 - 

ba
si

n 
A

6
6

10
8

8
9

7.
4

So
ut

hf
ie

ld
21

5
Tr

ow
br

id
ge

 A
pt

s.
8

10
7

8
3

3
7.

4

W
es

t B
lo

om
fie

ld
 T

w
p

44
7

W
es

t B
lo

om
fie

ld
 N

ur
si

ng
 H

om
e 

- N
 

ba
si

n
9

10
7

3
3

7
7.

3

So
ut

hf
ie

ld
52

6
G

E 
Pl

as
tic

s -
 S

 b
as

in
10

10
6

3
3

6
7.

3

So
ut

hf
ie

ld
11

1
M

ar
at

ho
n 

G
as

 S
ta

tio
n

8
10

10
2

2
7

7.
2

So
ut

hf
ie

ld
15

3
V

ic
to

r C
en

te
r O

ffi
ce

 - 
R

et
en

tio
n 

A
re

a 
1

8
9

8
6

3
5

7.
2

R
oc

he
st

er
 H

ill
s

32
0

C
ro

ok
s R

oa
d 

M
ed

ic
al

 C
en

te
r

9
10

4
6

3
6

7.
2

So
ut

hf
ie

ld
91

4
B

ur
ge

r K
in

g
9

10
4

8
3

3
7.

2

So
ut

hf
ie

ld
11

2
Fi

sh
 B

on
es

 R
es

ta
ur

an
t

8
10

4
6

2
9

7.
1

So
ut

hf
ie

ld
23

5
R

es
id

en
ce

 In
n

10
10

4
4

3
6

7.
1

W
es

t B
lo

om
fie

ld
 T

w
p

39
6

W
es

t B
lo

om
fie

ld
 M

ed
ic

al
 B

ld
g 

- W
 

ba
si

n
9

8
4

9
3

6
7.

1

So
ut

hf
ie

ld
52

7
W

oo
dv

al
e 

C
on

do
s -

 N
E 

ba
si

n
10

10
6

4
3

3
7.

1

So
ut

hf
ie

ld
29

7
R

R
R

SO
C

9
8

6
6

3
7

7.
1

W
es

t B
lo

om
fie

ld
 T

w
p

45
1

Th
e 

Sp
or

ts
 C

lu
b 

of
 W

. B
lo

om
fie

ld
 - 

N
or

th
9

8
6

6
3

7
7.

1

W
es

t B
lo

om
fie

ld
 T

w
p

51
4

Pe
rr

yt
ow

n 
Es

ta
te

s
9

10
3

6
2

7
7.

0

B
lo

om
fie

ld
 T

w
p

63
8

Sh
ak

er
 H

ei
gh

ts
9

9
3

9
3

4
7.

0

So
ut

hf
ie

ld
20

5
Fr

an
kl

in
 T

er
ra

ce
 A

pt
s.

9
9

4
6

3
6

6.
9

Sc
or

in
g 

fr
om

 1
 to

 1
0 

(1
0 

be
in

g 
ve

ry
 p

oo
r 

or
 h

ig
he

st
 p

ri
or

ity
)



 
 

R
ou

ge
 M

ai
n 

1-
2 

Su
bw

at
er

sh
ed

 
y:

\2
00

30
2\

20
03

02
79

\d
es

ig
n\

re
po

rt\
te

xt
\rp

t0
1.

do
c 

5-
19

 
D

et
en

tio
n 

B
as

in
 In

ve
nt

or
y 

T
ab

le
 5

.3
: D

et
en

tio
n 

B
as

in
 P

ri
or

iti
za

tio
n 

– 
Fi

na
l S

co
ri

ng
 (c

on
tin

ue
d)

 

C
V

T
B

as
in

 ID
Si

te
N

am
e

B
as

in
 

H
yd

ra
ul

ic
s

M
ai

nt
en

an
ce

W
at

er
 

Q
ua

lit
y

R
et

ro
fit

 
Po

te
nt

ia
l

Sa
fe

ty
A

es
th

et
ic

s
W

ei
gh

te
d 

T
ot

al
So

ut
hf

ie
ld

22
4

H
ea

th
er

w
oo

d 
C

on
do

s
9

10
3

6
4

4
6.

9

R
oc

he
st

er
 H

ill
s

34
8

Sa
nc

tu
ar

y 
in

 th
e 

H
ill

s -
 b

as
in

 A
8

10
6

4
5

4
6.

9

W
es

t B
lo

om
fie

ld
 T

w
p

44
9

W
ei

sm
an

 C
le

an
er

s
7

9
8

6
2

6
6.

9

R
oc

he
st

er
 H

ill
s

54
7

C
ho

pe
 U

ni
on

9
10

3
8

2
3

6.
9

W
es

t B
lo

om
fie

ld
 T

w
p

69
1

C
om

pu
w

ar
e

4
8

9
7

6
9

6.
9

R
oc

he
st

er
 H

ill
s

46
8

Sa
nc

tu
ar

y 
in

 th
e 

H
ill

s -
 b

as
in

 D
8

9
6

4
4

7
6.

9

So
ut

hf
ie

ld
11

6
Pa

vi
lio

n 
Tw

nh
se

 C
on

do
s

4
10

8
8

3
6

6.
8

W
es

t B
lo

om
fie

ld
 T

w
p

44
6

W
es

t B
lo

om
fie

ld
 T

w
p.

 P
ol

ic
e 

H
Q

9
9

6
4

2
6

6.
8

B
lo

om
fie

ld
 T

w
p

47
1

C
os

tc
o

9
8

8
3

3
6

6.
8

B
lo

om
fie

ld
 T

w
p

68
6

M
D

O
T 

R
eg

io
na

l
8

8
6

6
4

6
6.

8

W
es

t B
lo

om
fie

ld
 T

w
p

52
3

A
ut

um
n 

R
id

ge
 E

st
at

es
9

8
3

7
3

7
6.

8

W
es

t B
lo

om
fie

ld
 T

w
p

40
5

Je
w

is
h 

C
om

m
un

ity
 C

en
te

r -
 b

as
in

 A
9

9
4

6
2

5
6.

7

W
es

t B
lo

om
fie

ld
 T

w
p

43
8

St
on

eb
rid

ge
 S

ub
.

4
10

8
6

4
7

6.
7

B
lo

om
fie

ld
 T

w
p

48
2

D
or

da
n 

Su
b.

9
9

4
8

2
2

6.
7

R
oc

he
st

er
 H

ill
s

33
1

R
ob

er
t E

va
ns

 D
ra

in
 R

eg
io

na
l -

 
O

ut
lo

t B
4

8
7

9
4

8
6.

6

W
es

t B
lo

om
fie

ld
 T

w
p

41
5

M
ap

le
 C

re
ek

 C
on

do
s 3

8
9

3
8

3
4

6.
6

W
es

t B
lo

om
fie

ld
 T

w
p

45
9

La
rk

 C
ou

nt
ry

 In
n 

R
es

ta
ur

an
t

4
10

6
6

5
8

6.
6

So
ut

hf
ie

ld
13

1
Fr

an
kl

in
 H

ill
s A

pt
s.

9
9

2
7

3
4

6.
6

R
oc

he
st

er
 H

ill
s

34
4

Pi
ne

 T
ra

ce
 R

eg
io

na
l -

 S
E 

ba
si

n
10

8
3

6
3

4
6.

6

W
es

t B
lo

om
fie

ld
 T

w
p

39
4

A
m

be
rle

ig
h 

Su
b.

8
8

6
4

4
6

6.
5

W
es

t B
lo

om
fie

ld
 T

w
p

52
1

V
ill

ag
e 

Sq
ua

re
6

8
3

7
6

9
6.

5

So
ut

hf
ie

ld
16

0
Pa

ni
an

 C
he

vr
ol

et
7

9
5

6
3

5
6.

5

So
ut

hf
ie

ld
19

0
Pe

bb
le

 S
to

ne
 E

st
at

es
9

7
6

3
4

7
6.

5

So
ut

hf
ie

ld
21

2
D

en
so

 In
te

rn
at

io
na

l -
 W

 b
as

in
9

8
3

7
3

4
6.

5

So
ut

hf
ie

ld
26

9
A

ut
um

n 
R

id
ge

 C
on

do
s

10
9

3
3

4
4

6.
5

R
oc

he
st

er
 H

ill
s

30
5

M
.O

.L
. I

nv
es

tm
en

t
9

10
4

4
2

3
6.

5

W
es

t B
lo

om
fie

ld
 T

w
p

40
8

J&
S 

O
ffi

ce
 C

en
te

r
10

10
3

4
2

2
6.

5

W
es

t B
lo

om
fie

ld
 T

w
p

45
7

D
un

ha
m

s
9

8
3

7
3

4
6.

5

W
es

t B
lo

om
fie

ld
 T

w
p

45
0

W
es

tfi
el

d 
O

ffi
ce

 C
en

te
r

10
10

3
3

2
3

6.
4

B
lo

om
fie

ld
 T

w
p

55
0

K
no

llw
oo

d 
O

ffi
ce

 P
la

za
8

9
3

6
2

6
6.

4

Sc
or

in
g 

fr
om

 1
 to

 1
0 

(1
0 

be
in

g 
ve

ry
 p

oo
r 

or
 h

ig
he

st
 p

ri
or

ity
)



 
 

R
ou

ge
 M

ai
n 

1-
2 

Su
bw

at
er

sh
ed

 
y:

\2
00

30
2\

20
03

02
79

\d
es

ig
n\

re
po

rt\
te

xt
\rp

t0
1.

do
c 

5-
20

 
D

et
en

tio
n 

B
as

in
 In

ve
nt

or
y 

T
ab

le
 5

.3
: D

et
en

tio
n 

B
as

in
 P

ri
or

iti
za

tio
n 

– 
Fi

na
l S

co
ri

ng
 (c

on
tin

ue
d)

 

C
V

T
B

as
in

 ID
Si

te
N

am
e

B
as

in
 

H
yd

ra
ul

ic
s

M
ai

nt
en

an
ce

W
at

er
 

Q
ua

lit
y

R
et

ro
fit

 
Po

te
nt

ia
l

Sa
fe

ty
A

es
th

et
ic

s
W

ei
gh

te
d 

T
ot

al

So
ut

hf
ie

ld
10

9
W

ea
th

er
st

on
e 

N
. t

w
nh

se
s -

 p
on

d 
1

8
10

2
5

4
4

6.
4

So
ut

hf
ie

ld
22

2
O

m
ni

 O
ffi

ce
9

9
3

6
2

3
6.

4

R
oc

he
st

er
 H

ill
s

32
1

M
ic

hi
ga

n 
H

um
an

e 
So

ci
et

y
9

9
4

3
4

4
6.

4

R
oc

he
st

er
 H

ill
s

32
8

R
oc

he
st

er
 H

ill
s E

xe
c 

- A
8

8
4

7
3

4
6.

4

W
es

t B
lo

om
fie

ld
 T

w
p

45
3

B
ar

w
ic

k 
Pa

rk
8

8
6

3
4

6
6.

4

W
es

t B
lo

om
fie

ld
 T

w
p

48
7

C
hi

m
ne

y 
H

ill
s A

pt
.

8
9

4
6

2
4

6.
4

So
ut

hf
ie

ld
53

5
W

or
d 

of
 F

ai
th

 - 
ba

si
n 

D
7

9
3

8
3

4
6.

4

So
ut

hf
ie

ld
11

3
Fr

an
kl

in
 R

ac
qu

et
 C

lu
b

8
10

3
3

2
7

6.
3

So
ut

hf
ie

ld
14

2
B

ea
co

n 
H

ill
8

10
3

3
3

6
6.

3

So
ut

hf
ie

ld
20

1
O

xf
or

d 
Es

ta
te

s
8

10
3

3
3

6
6.

3

So
ut

hf
ie

ld
25

0
M

D
O

T 
R

eg
io

na
l

9
8

2
9

2
2

6.
3

So
ut

hf
ie

ld
26

1
So

ut
hf

ie
ld

 T
ow

nh
om

es
9

9
4

4
3

3
6.

3

R
oc

he
st

er
 H

ill
s

32
3

C
om

bu
st

io
n 

R
es

ea
rc

h
9

8
3

8
2

2
6.

3

So
ut

hf
ie

ld
27

8
Fi

re
 S

ta
tio

n 
2

9
10

2
4

2
4

6.
3

R
oc

he
st

er
 H

ill
s

33
5

Pi
ne

tra
ce

 S
ub

. -
 p

ar
k 

B
8

10
3

4
3

4
6.

3

B
lo

om
fie

ld
 T

w
p

54
6

B
lo

om
fie

ld
 C

ro
ss

in
g 

Su
b.

8
6

6
7

2
6

6.
3

B
lo

om
fie

ld
 T

w
p

55
1

C
la

re
nd

on
 C

re
st

9
8

2
8

3
2

6.
3

W
es

t B
lo

om
fie

ld
 T

w
p

41
3

M
ic

hi
ga

n 
C

os
m

et
ic

 C
en

te
r

8
6

6
4

4
8

6.
2

So
ut

hf
ie

ld
53

4
W

or
d 

of
 F

ai
th

 - 
ba

si
n 

C
9

7
3

7
3

4
6.

2

So
ut

hf
ie

ld
12

7
A

rm
en

ia
n 

C
hu

rc
h

7
8

2
6

6
6

6.
2

So
ut

hf
ie

ld
15

9
Fr

an
kl

in
 R

iv
er

 A
pt

s -
 S

 b
as

in
9

9
3

4
3

3
6.

2

So
ut

hf
ie

ld
18

7
Pe

bb
le

cr
ee

k 
Pa

rk
9

8
3

3
6

4
6.

2

So
ut

hf
ie

ld
28

1
EZ

 L
in

k 
St

or
ag

e
8

10
3

4
2

4
6.

2

R
oc

he
st

er
 H

ill
s

34
0

K
in

gs
to

n 
Po

in
te

 S
ou

th
3

9
7

6
4

8
6.

2

W
es

t B
lo

om
fie

ld
 T

w
p

66
4

Lo
ne

 P
in

e 
Es

ta
te

s
9

10
3

3
3

2
6.

2

So
ut

hf
ie

ld
14

5
B

irm
in

gh
am

 C
om

et
ic

 C
en

te
r

9
9

5
3

2
2

6.
1

So
ut

hf
ie

ld
21

7
V

ill
ag

e 
H

ou
se

 C
on

do
s

9
6

4
7

3
4

6.
1

R
oc

he
st

er
 H

ill
s

34
5

W
al

nu
t B

ro
ok

 E
st

at
es

9
9

3
3

3
4

6.
1

B
lo

om
fie

ld
 H

ill
s

48
0

W
hi

sp
er

in
g 

Pi
ne

s
7

8
4

7
3

4
6.

1

Sc
or

in
g 

fr
om

 1
 to

 1
0 

(1
0 

be
in

g 
ve

ry
 p

oo
r 

or
 h

ig
he

st
 p

ri
or

ity
)



 
 

R
ou

ge
 M

ai
n 

1-
2 

Su
bw

at
er

sh
ed

 
y:

\2
00

30
2\

20
03

02
79

\d
es

ig
n\

re
po

rt\
te

xt
\rp

t0
1.

do
c 

5-
21

 
D

et
en

tio
n 

B
as

in
 In

ve
nt

or
y 

T
ab

le
 5

.3
: D

et
en

tio
n 

B
as

in
 P

ri
or

iti
za

tio
n 

– 
Fi

na
l S

co
ri

ng
 (c

on
tin

ue
d)

C
V

T
B

as
in

 ID
Si

te
N

am
e

B
as

in
 

H
yd

ra
ul

ic
s

M
ai

nt
en

an
ce

W
at

er
 

Q
ua

lit
y

R
et

ro
fit

 
Po

te
nt

ia
l

Sa
fe

ty
A

es
th

et
ic

s
W

ei
gh

te
d 

T
ot

al

So
ut

hf
ie

ld
15

1
D

et
ro

it 
M

ed
ic

al
 C

en
te

r
10

8
3

4
2

3
6.

1

W
es

t B
lo

om
fie

ld
 T

w
p

45
2

Th
e 

Sp
or

ts
 C

lu
b 

of
 W

. B
lo

om
fie

ld
 - 

So
ut

h
9

8
3

3
3

6
6.

1

B
lo

om
fie

ld
 T

w
p

47
4

B
lo

om
fie

ld
 K

no
ll

9
9

3
4

2
3

6.
1

W
es

t B
lo

om
fie

ld
 T

w
p

42
8

Sh
en

an
do

ah
 in

 th
e 

W
oo

ds
8

7
6

3
3

6
6.

0

B
in

gh
am

 F
ar

m
s

90
7

D
an

ka
 - 

So
ut

h
6

7
6

7
2

6
6.

0

So
ut

hf
ie

ld
13

0
Pi

ne
 A

ir 
A

pt
s.

8
10

3
4

1
3

6.
0

So
ut

hf
ie

ld
17

1
A

m
er

ite
ch

8
8

3
5

3
4

5.
9

So
ut

hf
ie

ld
26

0
M

ea
do

w
br

oo
k 

V
ill

as
9

6
4

7
2

3
5.

9

B
lo

om
fie

ld
 T

w
p

37
8

M
ea

do
w

la
ke

 S
ub

.
8

8
6

2
3

4
5.

9

W
es

t B
lo

om
fie

ld
 T

w
p

46
3

Po
to

m
ac

 V
ill

ag
e 

3
4

10
3

9
2

4
5.

9

W
es

t B
lo

om
fie

ld
 T

w
p

69
7

O
rc

ha
rd

 C
re

st
 S

ub
.

9
8

3
3

3
4

5.
9

So
ut

hf
ie

ld
14

4
B

el
le

 T
ire

7
8

4
5

3
4

5.
8

R
oc

he
st

er
 H

ill
s

35
2

M
ea

do
w

cr
ee

k 
C

on
do

s
2

9
5

8
3

8
5.

8

W
es

t B
lo

om
fie

ld
 T

w
p

45
6

D
un

ha
m

s -
 P

ar
ki

ng
10

10
3

1
1

1
5.

8

Po
nt

ia
c

47
6

Lo
w

e's
7

6
7

4
3

6
5.

8

B
lo

om
fie

ld
 T

w
p

63
0

H
am

m
on

d 
La

ke
 E

st
at

es
8

8
4

4
2

4
5.

8

R
oc

he
st

er
 H

ill
s

31
3

N
Y

 C
on

ey
9

4
3

7
7

3
5.

8

R
oc

he
st

er
 H

ill
s

32
2

R
oc

he
st

er
 H

ill
s C

or
p.

 C
tr.

 S
ub

.
9

10
2

2
3

1
5.

8

Tr
oy

37
5

Fo
re

st
 C

re
ek

 2
9

8
2

4
3

3
5.

8

W
es

t B
lo

om
fie

ld
 T

w
p

40
9

M
ap

le
 C

re
ek

 C
on

do
s 4

10
4

6
3

3
6

5.
8

B
lo

om
fie

ld
 T

w
p

48
6

B
lo

om
fie

ld
 C

lu
b 

Su
b.

7
9

3
6

2
2

5.
8

So
ut

hf
ie

ld
16

2
G

al
le

ria
 - 

N
E 

ba
si

n
8

6
3

7
4

3
5.

7

So
ut

hf
ie

ld
18

6
V

ill
as

 o
f P

eb
bl

e 
C

re
ek

9
8

2
3

4
3

5.
7

B
lo

om
fie

ld
 T

w
p

60
6

G
ilb

er
t L

ak
e 

Es
ta

te
s

9
8

3
4

2
2

5.
7

B
lo

om
fie

ld
 T

w
p

68
4

B
lo

om
fie

ld
 P

la
ce

 A
pt

.
8

4
6

4
4

8
5.

7

So
ut

hf
ie

ld
15

8
Fr

an
kl

in
 R

iv
er

 A
pt

s -
 N

 b
as

in
7

8
3

5
3

4
5.

7

So
ut

hf
ie

ld
18

2
Ty

le
r E

st
at

es
 4

8
8

6
1

2
4

5.
7

So
ut

hf
ie

ld
18

5
V

ill
as

 o
f P

eb
bl

e 
C

re
ek

 E
as

t
10

4
3

8
2

3
5.

7

So
ut

hf
ie

ld
24

7
Si

ng
le

 F
am

ily
 H

om
es

7
9

3
4

3
3

5.
7

W
es

t B
lo

om
fie

ld
 T

w
p

50
0

C
hi

m
ne

y 
H

ill
s A

pt
.

8
6

3
6

2
6

5.
7

Sc
or

in
g 

fr
om

 1
 to

 1
0 

(1
0 

be
in

g 
ve

ry
 p

oo
r 

or
 h

ig
he

st
 p

ri
or

ity
)



 
 

R
ou

ge
 M

ai
n 

1-
2 

Su
bw

at
er

sh
ed

 
y:

\2
00

30
2\

20
03

02
79

\d
es

ig
n\

re
po

rt\
te

xt
\rp

t0
1.

do
c 

5-
22

 
D

et
en

tio
n 

B
as

in
 In

ve
nt

or
y 

T
ab

le
 5

.3
: D

et
en

tio
n 

B
as

in
 P

ri
or

iti
za

tio
n 

– 
Fi

na
l S

co
ri

ng
 (c

on
tin

ue
d)

C
V

T
B

as
in

 ID
Si

te
N

am
e

B
as

in
 

H
yd

ra
ul

ic
s

M
ai

nt
en

an
ce

W
at

er
 

Q
ua

lit
y

R
et

ro
fit

 
Po

te
nt

ia
l

Sa
fe

ty
A

es
th

et
ic

s
W

ei
gh

te
d 

T
ot

al

B
lo

om
fie

ld
 T

w
p

54
9

Fr
an

kl
in

 R
av

in
es

 S
ub

.
8

8
3

4
4

2
5.

7

So
ut

hf
ie

ld
55

3
G

or
do

n 
Fo

od
 S

er
vi

ce
8

9
3

3
2

3
5.

7

W
es

t B
lo

om
fie

ld
 T

w
p

66
8

Fr
an

kl
in

 O
ak

s 1
8

9
3

3
3

2
5.

7

So
ut

hf
ie

ld
10

7
Th

e 
Pi

ne
s A

pt
s.

9
4

3
6

4
6

5.
6

So
ut

hf
ie

ld
11

5
D

.I.
L.

 A
ss

oc
.

8
10

2
2

3
2

5.
6

R
oc

he
st

er
 H

ill
s

31
5

R
ed

 R
oo

f I
nn

8
10

3
1

2
3

5.
6

So
ut

hf
ie

ld
52

9
W

oo
dv

al
e 

C
on

do
s -

 E
 b

as
in

4
10

6
4

3
3

5.
6

W
es

t B
lo

om
fie

ld
 T

w
p.

67
0

Fr
an

kl
in

 C
ol

on
y 

C
lu

b
8

9
3

2
3

3
5.

6

So
ut

hf
ie

ld
16

3
Si

lv
er

 T
ria

ng
le

 O
ffi

ce
8

6
3

6
3

4
5.

6

So
ut

hf
ie

ld
18

3
Ty

le
r E

st
at

es
 3

9
6

3
3

3
6

5.
6

So
ut

hf
ie

ld
22

8
Irv

in
e 

R
eh

ab
 C

en
te

r
9

4
2

8
3

5
5.

6

So
ut

hf
ie

ld
22

9
N

or
th

w
es

t D
et

ro
it 

D
ia

ly
si

s
9

8
3

3
2

2
5.

6

Tr
oy

37
3

Lo
ng

vi
ew

 A
cr

es
7

3
6

9
4

4
5.

6

W
es

t B
lo

om
fie

ld
 T

w
p

43
2

Si
m

sb
ur

y 
 C

on
do

s
4

8
3

8
3

6
5.

6

So
ut

hf
ie

ld
10

6
C

la
ym

oo
r A

pt
s.

3
10

4
5

2
7

5.
5

So
ut

hf
ie

ld
17

8
C

ou
rty

ar
d 

O
fff

ic
e 

Pa
rk

8
9

3
2

2
3

5.
5

So
ut

hf
ie

ld
21

0
R

iv
er

si
de

 O
ff

ic
e 

B
ld

g.
9

7
3

3
4

2
5.

5

B
lo

om
fie

ld
 T

w
p

38
2

W
ill

is
on

s B
lo

om
fie

ld
 F

ar
m

s S
ub

. -
 

po
nd

 1
8

8
3

3
3

3
5.

5

So
ut

hf
ie

ld
52

8
W

oo
dv

al
e 

C
on

do
s -

 S
 b

as
in

4
10

4
6

2
3

5.
5

So
ut

hf
ie

ld
12

2
Pi

lo
ts

 C
ov

e
8

8
4

3
2

2
5.

5

B
lo

om
fie

ld
 T

w
p

60
8

Sa
nd

le
w

oo
d 

C
on

do
s

7
9

3
4

2
2

5.
5

So
ut

hf
ie

ld
20

0
C

um
be

rla
nd

 O
ffi

ce
 C

en
te

r
4

8
4

6
4

5
5.

4

So
ut

hf
ie

ld
28

5
Pa

ge
 T

oy
ot

a
2

10
4

6
3

6
5.

4

R
oc

he
st

er
 H

ill
s

31
2

Lu
ed

er
s D

ra
in

 R
eg

io
na

l -
 P

ha
se

 II
8

6
5

3
4

3
5.

4

B
lo

om
fie

ld
 T

w
p

49
8

C
hi

m
ne

y 
H

ill
s A

pt
.

8
8

3
3

2
3

5.
4

W
es

t B
lo

om
fie

ld
 T

w
p

69
5

M
id

dl
eb

el
t E

st
at

es
 - 

N
W

 b
as

in
4

9
2

7
4

4
5.

4

So
ut

hf
ie

ld
18

0
M

ap
le

 T
re

e 
A

pt
s.

3
9

3
8

3
4

5.
4

W
es

t B
lo

om
fie

ld
 T

w
p

43
7

St
on

eb
rid

ge
 S

ub
.

4
8

6
3

3
7

5.
4

So
ut

hf
ie

ld
19

2
A

m
er

ic
an

 C
om

m
er

ce
 C

en
te

r -
 b

as
in

 
1

3
7

6
6

4
6

5.
3

Sc
or

in
g 

fr
om

 1
 to

 1
0 

(1
0 

be
in

g 
ve

ry
 p

oo
r 

or
 h

ig
he

st
 p

ri
or

ity
)



 
 

R
ou

ge
 M

ai
n 

1-
2 

Su
bw

at
er

sh
ed

 
y:

\2
00

30
2\

20
03

02
79

\d
es

ig
n\

re
po

rt\
te

xt
\rp

t0
1.

do
c 

5-
23

 
D

et
en

tio
n 

B
as

in
 In

ve
nt

or
y 

T
ab

le
 5

.3
: D

et
en

tio
n 

B
as

in
 P

ri
or

iti
za

tio
n 

– 
Fi

na
l S

co
ri

ng
 (c

on
tin

ue
d)

C
V

T
B

as
in

 ID
Si

te
N

am
e

B
as

in
 

H
yd

ra
ul

ic
s

M
ai

nt
en

an
ce

W
at

er
 

Q
ua

lit
y

R
et

ro
fit

 
Po

te
nt

ia
l

Sa
fe

ty
A

es
th

et
ic

s
W

ei
gh

te
d 

T
ot

al

So
ut

hf
ie

ld
29

4
Pl

um
 H

ol
lo

w
 W

oo
ds

9
7

3
3

2
2

5.
3

B
lo

om
fie

ld
 T

w
p

54
3

Sq
ua

re
 L

ak
e 

C
ou

nt
ry

 C
lu

b 
Su

b.
9

7
2

4
2

2
5.

3

So
ut

hf
ie

ld
55

2
B

lu
e 

C
ro

ss
 B

lu
e 

Sh
ie

ld
7

8
3

6
1

1
5.

3

B
lo

om
fie

ld
 T

w
p

63
3

W
ill

ow
ay

 P
la

ce
8

8
3

3
2

2
5.

3

So
ut

hf
ie

ld
12

8
Pi

ne
 A

ir 
A

pt
s.

7
6

3
5

3
5

5.
3

So
ut

hf
ie

ld
13

9
C

ha
nt

ic
le

er
 C

on
do

s
6

7
3

7
2

3
5.

3

So
ut

hf
ie

ld
20

2
U

PN
 5

0
2

9
3

5
7

6
5.

3

B
in

gh
am

 F
ar

m
s

36
0

W
oo

dl
yn

ne
6

4
6

7
4

4
5.

3

B
lo

om
fie

ld
 T

w
p

38
0

Pa
lm

er
 W

oo
ds

8
6

4
3

4
3

5.
3

W
es

t B
lo

om
fie

ld
 T

w
p

43
1

Si
m

sb
ur

y 
C

on
do

s I
I

4
7

6
4

3
7

5.
3

W
es

t B
lo

om
fie

ld
 T

w
p

44
0

Ta
m

-O
-S

ha
nt

er
 - 

ba
si

n 
A

4
9

5
3

3
5

5.
3

So
ut

hf
ie

ld
13

2
Th

e 
La

ke
s A

pt
s.

7
6

2
7

3
3

5.
2

Tr
oy

36
3

C
ha

rn
w

oo
d 

H
ill

s S
ub

. 6
9

4
3

6
3

3
5.

2

So
ut

hf
ie

ld
13

6
W

oo
dv

al
e 

C
on

do
s

6
9

2
4

2
3

5.
2

So
ut

hf
ie

ld
25

8
W

or
d 

of
 F

ai
th

 - 
ba

si
n 

A
7

4
4

8
2

4
5.

2

So
ut

hf
ie

ld
27

2
G

or
do

n 
Fo

od
 S

er
vi

ce
9

6
3

3
2

3
5.

2

W
es

t B
lo

om
fie

ld
 T

w
p

42
6

O
rc

ha
rd

 P
in

e 
O

ffi
ce

 C
en

te
r

4
8

6
3

3
5

5.
2

W
es

t B
lo

om
fie

ld
 T

w
p

44
2

Ta
m

-O
-S

ha
nt

er
 - 

ba
si

n 
D

4
8

6
3

3
5

5.
2

B
lo

om
fie

ld
 T

w
p

54
5

H
id

de
n 

Pi
ne

s S
ub

.
9

3
3

8
2

3
5.

2

B
lo

om
fie

ld
 T

w
p

60
2

Q
ua

rto
n 

R
id

ge
9

6
3

3
2

3
5.

2

B
lo

om
fie

ld
 T

w
p

91
0

M
ap

le
 V

ill
ag

e
9

3
6

3
4

4
5.

2

So
ut

hf
ie

ld
17

3
So

ut
hf

ie
ld

 C
ro

ss
in

g 
C

en
te

r
9

2
7

6
2

2
5.

1

W
es

t B
lo

om
fie

ld
 T

w
p

40
3

G
at

ew
ay

 C
en

te
r -

 b
as

in
 B

4
8

3
7

3
3

5.
1

So
ut

hf
ie

ld
17

9
Sp

rin
g 

H
ill

 S
ui

te
s

9
6

3
3

2
2

5.
1

So
ut

hf
ie

ld
20

8
La

ke
la

nd
 N

ur
si

ng
 C

en
te

r -
 N

 b
as

in
4

7
6

2
4

7
5.

1

So
ut

hf
ie

ld
23

4
C

ity
 C

en
te

r O
ff

ic
e 

C
en

te
r

9
6

3
3

2
2

5.
1

R
oc

he
st

er
 H

ill
s

33
0

St
at

e 
Fa

rm
 In

su
ra

nc
e

9
8

3
1

1
1

5.
1

Tr
oy

36
6

St
ra

w
be

rry
 H

ill
 S

ub
.

6
5

4
6

5
3

5.
1

Tr
oy

36
9

El
m

 C
ou

rt 
Su

b.
7

5
4

5
3

4
5.

1

B
lo

om
fie

ld
 T

w
p

54
8

K
no

llw
oo

d 
Po

in
te

8
6

3
4

2
3

5.
1

Sc
or

in
g 

fr
om

 1
 to

 1
0 

(1
0 

be
in

g 
ve

ry
 p

oo
r 

or
 h

ig
he

st
 p

ri
or

ity
)



 
 

R
ou

ge
 M

ai
n 

1-
2 

Su
bw

at
er

sh
ed

 
y:

\2
00

30
2\

20
03

02
79

\d
es

ig
n\

re
po

rt\
te

xt
\rp

t0
1.

do
c 

5-
24

 
D

et
en

tio
n 

B
as

in
 In

ve
nt

or
y 

T
ab

le
 5

.3
: D

et
en

tio
n 

B
as

in
 P

ri
or

iti
za

tio
n 

– 
Fi

na
l S

co
ri

ng
 (c

on
tin

ue
d)

C
V

T
B

as
in

 ID
Si

te
N

am
e

B
as

in
 

H
yd

ra
ul

ic
s

M
ai

nt
en

an
ce

W
at

er
 

Q
ua

lit
y

R
et

ro
fit

 
Po

te
nt

ia
l

Sa
fe

ty
A

es
th

et
ic

s
W

ei
gh

te
d 

T
ot

al

B
lo

om
fie

ld
 T

w
p

63
1

G
ol

lin
g 

C
hr

ys
le

r
9

6
3

3
2

2
5.

1

B
lo

om
fie

ld
 T

w
p

63
2

O
ak

hi
lls

 C
on

do
s

9
6

3
3

2
2

5.
1

So
ut

hf
ie

ld
16

8
Es

se
x 

O
ff

ic
e 

C
en

te
r

8
6

3
3

3
3

5.
0

So
ut

hf
ie

ld
22

1
Fi

rs
t C

en
te

r
9

3
4

6
2

3
5.

0

R
oc

he
st

er
 H

ill
s

35
6

M
ea

do
w

br
oo

k 
El

em
en

ta
ry

5
7

3
7

2
3

5.
0

B
lo

om
fie

ld
 T

w
p

37
7

M
ea

do
w

la
nd

s o
f B

lo
om

fie
ld

4
6

6
4

4
6

5.
0

W
es

t B
lo

om
fie

ld
 T

w
p

45
5

H
C

R
 M

an
or

 C
ar

e
4

9
4

3
3

4
5.

0

R
oc

he
st

er
 H

ill
s

46
7

Sa
nc

tu
ar

y 
in

 th
e 

H
ill

s -
 b

as
in

 C
3

8
6

3
3

6
5.

0

W
es

t B
lo

om
fie

ld
 T

w
p

90
2

B
ry

nm
aw

r C
on

do
9

4
4

3
3

4
5.

0

B
lo

om
fie

ld
 T

w
p

37
6

Ea
st

w
ay

 F
ar

m
s S

ub
.

4
7

6
4

4
3

5.
0

B
lo

om
fie

ld
 T

w
p

38
8

Pi
ne

tre
e 

Es
ta

te
s -

 N
. b

as
in

8
7

3
3

1
2

5.
0

B
in

gh
am

 F
ar

m
s

90
5

B
in

gh
am

 O
ff

ic
e 

Pa
rk

9
4

2
6

4
1

5.
0

So
ut

hf
ie

ld
10

8
W

ea
th

er
st

on
e 

S.
 tw

nh
se

s
3

10
2

5
2

4
4.

9

R
oc

he
st

er
 H

ill
s

33
9

K
in

gs
to

n 
Po

in
te

 N
or

th
3

9
4

4
3

4
4.

9

B
in

gh
am

 F
ar

m
s

35
8

Ja
m

es
to

w
n 

So
ut

h
9

3
5

3
3

4
4.

9

W
es

t B
lo

om
fie

ld
 T

w
p

40
7

M
ap

le
cr

ee
k 

C
on

do
 2

8
6

3
3

3
2

4.
9

B
lo

om
fie

ld
 T

w
p

54
4

M
itc

he
ll 

C
t. 

C
on

do
s

7
4

4
7

2
3

4.
9

So
ut

hf
ie

ld
13

4
W

el
lin

gt
on

 P
la

ce
 M

an
or

 - 
SE

 b
as

in
8

6
2

3
3

3
4.

9

R
oc

he
st

er
 H

ill
s

30
8

G
ua

rd
ia

n 
A

ng
el

10
2

3
6

2
3

4.
9

So
ut

hf
ie

ld
23

6
R

es
id

en
ce

 In
n

8
6

3
3

2
2

4.
8

W
es

t B
lo

om
fie

ld
 T

w
p

46
0

Po
to

m
ac

 T
ow

ne
 1

 - 
ba

si
n 

1
4

4
6

6
3

7
4.

8

W
es

t B
lo

om
fie

ld
 T

w
p

46
4

Po
to

m
ac

 V
ill

ag
e 

1
10

6
3

1
1

1
4.

8

So
ut

hf
ie

ld
16

9
W

ya
tt 

O
ffi

ce
 P

la
za

7
6

3
3

3
3

4.
8

So
ut

hf
ie

ld
18

8
W

al
nu

t G
ro

ve
 C

on
do

s
9

3
3

6
2

2
4.

8

So
ut

hf
ie

ld
28

7
N

ew
 H

op
e 

C
hu

rc
h

3
9

4
3

3
4

4.
8

B
lo

om
fie

ld
 T

w
p

49
9

St
on

eh
ol

lo
w

9
3

3
6

2
2

4.
8

B
lo

om
fie

ld
 T

w
p

60
0

C
ro

fto
n 

Su
b.

8
4

2
7

2
2

4.
8

B
lo

om
fie

ld
 T

w
p

60
4

In
di

an
w

oo
d 

Su
b.

8
2

4
7

3
3

4.
8

B
ev

er
ly

 H
ill

s
10

1
W

es
tw

oo
d 

C
om

m
on

6
6

4
4

2
3

4.
7

W
es

t B
lo

om
fie

ld
 T

w
p

40
0

Ja
ck

 C
au

le
y 

C
he

vr
ol

et
 - 

ba
si

n 
C

5
3

7
7

2
4

4.
7

Sc
or

in
g 

fr
om

 1
 to

 1
0 

(1
0 

be
in

g 
ve

ry
 p

oo
r 

or
 h

ig
he

st
 p

ri
or

ity
)



 
 

R
ou

ge
 M

ai
n 

1-
2 

Su
bw

at
er

sh
ed

 
y:

\2
00

30
2\

20
03

02
79

\d
es

ig
n\

re
po

rt\
te

xt
\rp

t0
1.

do
c 

5-
25

 
D

et
en

tio
n 

B
as

in
 In

ve
nt

or
y 

T
ab

le
 5

.3
: D

et
en

tio
n 

B
as

in
 P

ri
or

iti
za

tio
n 

– 
Fi

na
l S

co
ri

ng
 (c

on
tin

ue
d)

C
V

T
B

as
in

 ID
Si

te
N

am
e

B
as

in
 

H
yd

ra
ul

ic
s

M
ai

nt
en

an
ce

W
at

er
 

Q
ua

lit
y

R
et

ro
fit

 
Po

te
nt

ia
l

Sa
fe

ty
A

es
th

et
ic

s
W

ei
gh

te
d 

T
ot

al

So
ut

hf
ie

ld
10

5
C

D
I S

ys
te

m
s

9
6

2
2

1
2

4.
7

W
es

t B
lo

om
fie

ld
 T

w
p

40
1

Ja
ck

 C
au

le
y 

C
he

vr
ol

et
 - 

ba
si

n 
B

4
6

4
7

2
3

4.
7

W
es

t B
lo

om
fie

ld
 T

w
p

41
8

To
w

nh
om

es
 a

t M
ap

le
 C

re
ek

 - 
W

 
ba

si
n

4
8

4
3

2
4

4.
7

W
es

t B
lo

om
fie

ld
 T

w
p

42
4

O
ak

br
oo

ke
 S

ub
. -

 n
or

th
9

3
3

4
3

3
4.

7

W
es

t B
lo

om
fie

ld
 T

w
p

44
1

Ta
m

-O
-S

ha
nt

er
 - 

ba
si

n 
C

8
3

5
3

3
4

4.
7

W
es

t B
lo

om
fie

ld
 T

w
p

69
4

M
id

dl
eb

el
t E

st
at

es
 - 

E 
ba

si
n

4
9

3
3

3
2

4.
7

B
in

gh
am

 F
ar

m
s

90
8

D
an

ka
 - 

N
or

th
9

3
2

3
2

7
4.

7

So
ut

hf
ie

ld
13

3
W

el
lin

gt
on

 P
la

ce
 M

an
or

 - 
SW

 b
as

in
6

7
2

3
3

3
4.

6

So
ut

hf
ie

ld
16

1
G

al
le

ria
 O

ffi
ce

 P
ar

k
3

6
3

8
3

4
4.

6

So
ut

hf
ie

ld
23

0
O

ak
la

nd
 C

om
m

on
s -

 E
 b

as
in

7
3

3
7

3
3

4.
6

So
ut

hf
ie

ld
23

1
O

ak
la

nd
 C

om
m

on
s -

 W
 b

as
in

7
3

3
7

3
3

4.
6

W
es

t B
lo

om
fie

ld
 T

w
p

40
2

G
at

ew
ay

 C
en

te
r -

  b
as

in
 A

2
7

6
3

4
6

4.
6

W
es

t B
lo

om
fie

ld
 T

w
p.

44
8

W
es

t B
lo

om
fie

ld
 N

ur
si

ng
 H

om
e 

- S
 

ba
si

n
9

4
3

2
3

3
4.

6

So
ut

hf
ie

ld
29

5
Pl

um
 H

ol
lo

w
 W

oo
ds

9
4

3
3

2
2

4.
6

R
oc

he
st

er
 H

ill
s

34
2

K
in

gs
to

n 
Po

in
te

 S
ou

th
2

8
4

3
4

6
4.

6

W
es

t B
lo

om
fie

ld
 T

w
p

39
7

W
es

t B
lo

om
fie

ld
 M

ed
ic

al
 B

ld
g 

- E
 

ba
si

n
4

3
8

2
6

7
4.

6

B
lo

om
fie

ld
 T

w
p

47
2

K
en

t R
id

ge
 S

ub
.

4
9

3
3

2
2

4.
6

W
es

t B
lo

om
fie

ld
 T

w
p

50
2

C
hi

m
ne

y 
H

ill
s A

pt
.

3
8

3
3

3
6

4.
6

So
ut

hf
ie

ld
16

6
H

om
es

te
ad

 V
ill

ag
e

2
7

6
3

3
6

4.
5

So
ut

hf
ie

ld
19

1
B

lu
e 

C
ro

ss
 B

lu
e 

Sh
ie

ld
 - 

N
E 

ba
si

n
9

2
3

6
2

2
4.

5

So
ut

hf
ie

ld
21

8
W

oo
dc

re
ek

 A
pt

s. 
- p

on
d 

1
9

2
3

6
2

2
4.

5

So
ut

hf
ie

ld
21

9
W

oo
dc

re
ek

 A
pt

s. 
- p

on
d 

2
9

2
3

6
2

2
4.

5

R
oc

he
st

er
 H

ill
s

30
3

Tr
ue

 G
re

en
 C

he
m

la
w

n
9

2
3

6
2

2
4.

5

W
es

t B
lo

om
fie

ld
 T

w
p

40
6

Je
w

is
h 

C
om

m
un

ity
 C

en
te

r -
 b

as
in

 B
9

3
3

3
3

3
4.

5

W
es

t B
lo

om
fie

ld
 T

w
p

44
3

W
es

t B
lo

om
fie

ld
 T

w
p.

 O
ff

ic
es

 - 
SE

 
ba

si
n

9
4

3
2

2
3

4.
5

W
es

t B
lo

om
fie

ld
 T

w
p

44
4

W
es

t B
lo

om
fie

ld
 T

w
p.

 O
ff

ic
es

 - 
SW

 
ba

si
n

9
4

3
2

2
3

4.
5

Sc
or

in
g 

fr
om

 1
 to

 1
0 

(1
0 

be
in

g 
ve

ry
 p

oo
r 

or
 h

ig
he

st
 p

ri
or

ity
)



 
 

R
ou

ge
 M

ai
n 

1-
2 

Su
bw

at
er

sh
ed

 
y:

\2
00

30
2\

20
03

02
79

\d
es

ig
n\

re
po

rt\
te

xt
\rp

t0
1.

do
c 

5-
26

 
D

et
en

tio
n 

B
as

in
 In

ve
nt

or
y 

T
ab

le
 5

.3
: D

et
en

tio
n 

B
as

in
 P

ri
or

iti
za

tio
n 

– 
Fi

na
l S

co
ri

ng
 (c

on
tin

ue
d)

C
V

T
B

as
in

 ID
Si

te
N

am
e

B
as

in
 

H
yd

ra
ul

ic
s

M
ai

nt
en

an
ce

W
at

er
 

Q
ua

lit
y

R
et

ro
fit

 
Po

te
nt

ia
l

Sa
fe

ty
A

es
th

et
ic

s
W

ei
gh

te
d 

T
ot

al

B
lo

om
fie

ld
 T

w
p

47
5

D
et

ro
it 

Sk
at

in
g 

C
lu

b
7

4
3

6
2

2
4.

5

So
ut

hf
ie

ld
11

4
La

 F
on

ta
in

e 
O

ff
ic

e 
B

ld
g.

10
3

2
4

1
2

4.
5

So
ut

hf
ie

ld
22

5
M

on
tic

el
lo

 A
pt

s.
6

4
3

6
3

3
4.

5

R
oc

he
st

er
 H

ill
s

34
9

D
ee

rfi
el

d 
El

em
en

ta
ry

2
8

3
6

2
4

4.
5

So
ut

hf
ie

ld
23

7
Pa

rk
 P

la
ce

 T
ow

n 
C

en
te

r
7

4
4

3
3

3
4.

4

So
ut

hf
ie

ld
29

6
N

at
io

na
l S

to
ra

ge
9

2
3

4
3

3
4.

4

B
lo

om
fie

ld
 T

w
p

63
4

A
da

m
s C

t.
9

3
3

3
3

2
4.

4

W
es

t B
lo

om
fie

ld
 T

w
p

70
1

Ex
cl

us
iv

e 
Fi

tn
es

s
4

8
3

3
2

3
4.

4

R
oc

he
st

er
 H

ill
s

34
1

R
oc

kh
av

en
 E

st
at

es
 C

on
do

s
3

8
3

3
4

3
4.

4

Tr
oy

36
4

W
in

dr
id

ge
 S

ub
. 2

8
3

2
6

2
2

4.
4

Tr
oy

37
0

C
re

sc
en

t R
id

ge
 S

ub
. 3

6
4

3
4

5
3

4.
4

W
es

t B
lo

om
fie

ld
 T

w
p

41
7

To
w

nh
om

es
 a

t M
ap

le
 C

re
ek

 - 
E 

ba
si

n
4

4
6

3
3

7
4.

4

So
ut

hf
ie

ld
14

6
Je

w
is

h 
V

oc
at

io
na

l C
en

te
r

10
2

2
4

2
2

4.
3

So
ut

hf
ie

ld
20

7
La

ke
la

nd
 N

ur
si

ng
 C

en
te

r -
 S

 b
as

in
8

4
3

3
2

2
4.

3

So
ut

hf
ie

ld
23

2
O

ak
la

nd
 T

ow
n 

Sq
ua

re
7

4
3

4
2

3
4.

3

So
ut

hf
ie

ld
27

4
K

ris
ty

 W
oo

ds
 C

on
do

s -
 W

 b
as

in
9

3
3

3
2

2
4.

3

So
ut

hf
ie

ld
29

3
Pl

um
 H

ol
lo

w
 W

oo
ds

9
3

3
3

2
2

4.
3

Tr
oy

37
1

M
an

ch
es

te
r W

oo
ds

8
4

3
3

2
2

4.
3

B
lo

om
fie

ld
 T

w
p

38
9

Pi
ne

br
oo

ke
 M

an
or

 C
on

do
s

9
3

2
4

2
2

4.
3

B
lo

om
fie

ld
 T

w
p

68
2

W
es

tv
ie

w
 B

as
in

5
3

3
7

2
6

4.
3

So
ut

hf
ie

ld
21

3
Ti

m
 H

or
to

ns
9

2
3

3
3

3
4.

3

So
ut

hf
ie

ld
23

9
H

aw
th

or
ne

 S
ui

te
s

2
8

4
3

2
5

4.
3

So
ut

hf
ie

ld
27

9
R

ei
d 

G
la

ss
9

3
3

2
2

3
4.

3

R
oc

he
st

er
 H

ill
s

31
1

D
ev

on
da

le
 W

ar
eh

ou
se

3
7

3
6

2
2

4.
3

R
oc

he
st

er
 H

ill
s

33
3

U
ni

te
d 

M
et

ho
di

st
 C

hu
rc

h
8

2
3

6
2

2
4.

3

R
oc

he
st

er
 H

ill
s

35
5

A
vo

nd
al

e 
M

id
dl

e 
Sc

ho
ol

3
6

3
7

2
3

4.
3

W
es

t B
lo

om
fie

ld
 T

w
p

40
4

G
at

ew
ay

 C
en

te
r -

 b
as

in
 C

3
10

2
2

3
1

4.
3

W
es

t B
lo

om
fie

ld
 T

w
p

41
4

M
ap

le
 C

re
ek

 C
on

do
s 4

8
6

2
1

2
1

4.
3

Tr
oy

66
3

Su
ss

ex
 P

la
ce

6
5

3
3

3
3

4.
3

Sc
or

in
g 

fr
om

 1
 to

 1
0 

(1
0 

be
in

g 
ve

ry
 p

oo
r 

or
 h

ig
he

st
 p

ri
or

ity
)



 
 

R
ou

ge
 M

ai
n 

1-
2 

Su
bw

at
er

sh
ed

 
y:

\2
00

30
2\

20
03

02
79

\d
es

ig
n\

re
po

rt\
te

xt
\rp

t0
1.

do
c 

5-
27

 
D

et
en

tio
n 

B
as

in
 In

ve
nt

or
y 

T
ab

le
 5

.3
: D

et
en

tio
n 

B
as

in
 P

ri
or

iti
za

tio
n 

– 
Fi

na
l S

co
ri

ng
 (c

on
tin

ue
d)

C
V

T
B

as
in

 ID
Si

te
N

am
e

B
as

in
 

H
yd

ra
ul

ic
s

M
ai

nt
en

an
ce

W
at

er
 

Q
ua

lit
y

R
et

ro
fit

 
Po

te
nt

ia
l

Sa
fe

ty
A

es
th

et
ic

s
W

ei
gh

te
d 

T
ot

al

So
ut

hf
ie

ld
17

4
A

m
er

ic
an

 C
om

m
er

ce
 C

en
te

r, 
ba

si
n 

2
3

3
6

6
4

5
4.

2

So
ut

hf
ie

ld
18

1
Ty

le
r E

st
at

es
 2

6
5

3
4

2
2

4.
2

R
oc

he
st

er
 H

ill
s

35
7

K
en

si
ng

to
n 

Su
b.

9
2

3
4

2
2

4.
2

W
es

t B
lo

om
fie

ld
 T

w
p

42
7

Po
to

m
ac

 T
ow

ne
 3

 - 
ba

si
n 

3
8

2
3

3
4

4
4.

2

R
oc

he
st

er
 H

ill
s

33
4

A
ss

is
te

d 
Li

vi
ng

 C
om

pl
ex

4
6

4
3

3
3

4.
2

R
oc

he
st

er
 H

ill
s

33
6

Pi
ne

tra
ce

 S
ub

. -
 p

ar
k 

A
4

7
3

3
3

2
4.

2

R
oc

he
st

er
 H

ill
s

35
4

N
or

th
br

oo
k 

Su
b.

 - 
ba

si
n 

1
3

7
3

4
2

4
4.

2

B
in

gh
am

 F
ar

m
s

35
9

Ja
co

bs
on

 B
ld

g.
7

2
3

7
2

2
4.

2

B
lo

om
fie

ld
 T

w
p

38
3

W
ill

is
on

s B
lo

om
fie

ld
 F

ar
m

s S
ub

. -
 

po
nd

 2
4

6
4

3
3

3
4.

2

W
es

t B
lo

om
fie

ld
 T

w
p

41
9

M
ap

le
 P

la
ce

 - 
W

 b
as

in
3

6
3

3
4

6
4.

2

B
lo

om
fie

ld
 T

w
p

42
1

B
lo

om
fie

ld
 C

ha
se

9
3

2
3

2
2

4.
2

W
es

t B
lo

om
fie

ld
 T

w
p

70
3

Pi
zz

a 
H

ut
9

2
3

3
2

3
4.

2

R
oc

he
st

er
 H

ill
s

30
7

H
i-T

ec
h

8
2

3
5

2
2

4.
1

W
es

t B
lo

om
fie

ld
 T

w
p

66
6

B
lo

om
fie

ld
 o

n 
th

e 
La

ke
 P

ar
k

4
6

3
3

3
4

4.
1

So
ut

hf
ie

ld
17

0
Em

ba
ss

y 
Su

ite
s

9
2

3
3

2
2

4.
1

Tr
oy

37
2

O
rc

ha
rd

 H
ill

s
7

3
3

4
3

2
4.

1

B
lo

om
fie

ld
 T

w
p

38
5

Q
ua

rto
n 

O
rc

ha
rd

s
2

8
3

4
2

3
4.

1

W
es

t B
lo

om
fie

ld
 T

w
p

41
2

M
ap

le
 F

ar
m

s
4

7
3

3
2

2
4.

1

B
lo

om
fie

ld
 T

w
p

47
3

Pr
ov

en
ca

l
4

6
4

3
2

3
4.

1

B
lo

om
fie

ld
 T

w
p

63
5

C
ov

in
gt

on
 S

ch
oo

l
9

2
3

3
2

2
4.

1

B
lo

om
fie

ld
 T

w
p

63
6

M
ea

do
w

la
ke

 F
ar

m
s

9
2

3
3

2
2

4.
1

Tr
oy

66
2

A
m

hu
rs

t o
n 

th
e 

R
iv

er
9

2
3

3
2

2
4.

1

So
ut

hf
ie

ld
12

1
C

ar
so

n 
C

en
te

r -
 W

 b
as

in
3

4
7

2
3

6
4.

0

So
ut

hf
ie

ld
18

4
Ty

le
r E

st
at

es
 1

9
3

2
2

2
2

4.
0

R
oc

he
st

er
 H

ill
s

34
3

A
m

er
ic

an
 H

ou
se

2
8

3
3

2
4

4.
0

W
es

t B
lo

om
fie

ld
 T

w
p

69
3

B
ro

ok
fie

ld
 A

ca
de

m
y

4
3

3
8

2
4

4.
0

W
es

t B
lo

om
fie

ld
 T

w
p

90
1

R
id

ge
w

oo
d 

Pt
.

8
3

3
2

3
2

4.
0

B
lo

om
fie

ld
 T

w
p

38
7

Pi
ne

tre
e 

Es
ta

te
s -

 b
as

in
 B

9
2

3
3

1
2

4.
0

So
ut

hf
ie

ld
21

1
N

ip
pe

nd
en

so
3

6
3

4
2

4
3.

9

So
ut

hf
ie

ld
21

6
O

ak
w

oo
d 

at
 S

ou
th

fie
ld

 A
pt

s.
4

3
5

4
4

4
3.

9

Sc
or

in
g 

fr
om

 1
 to

 1
0 

(1
0 

be
in

g 
ve

ry
 p

oo
r 

or
 h

ig
he

st
 p

ri
or

ity
)



 
 

R
ou

ge
 M

ai
n 

1-
2 

Su
bw

at
er

sh
ed

 
y:

\2
00

30
2\

20
03

02
79

\d
es

ig
n\

re
po

rt\
te

xt
\rp

t0
1.

do
c 

5-
28

 
D

et
en

tio
n 

B
as

in
 In

ve
nt

or
y 

T
ab

le
 5

.3
: D

et
en

tio
n 

B
as

in
 P

ri
or

iti
za

tio
n 

– 
Fi

na
l S

co
ri

ng
 (c

on
tin

ue
d)

C
V

T
B

as
in

 ID
Si

te
N

am
e

B
as

in
 

H
yd

ra
ul

ic
s

M
ai

nt
en

an
ce

W
at

er
 

Q
ua

lit
y

R
et

ro
fit

 
Po

te
nt

ia
l

Sa
fe

ty
A

es
th

et
ic

s
W

ei
gh

te
d 

T
ot

al

So
ut

hf
ie

ld
26

2
D

et
ro

it 
Fe

de
ra

l C
re

di
t U

ni
on

2
7

3
4

2
4

3.
9

W
es

t B
lo

om
fie

ld
 T

w
p

42
0

W
es

t B
lo

om
fie

ld
 C

or
p.

 C
tr.

4
6

3
3

2
3

3.
9

W
es

t B
lo

om
fie

ld
 T

w
p

43
0

Si
m

sb
ur

y 
C

on
do

s I
4

4
4

3
2

6
3.

9

W
es

t B
lo

om
fie

ld
 T

w
p

69
6

M
id

dl
eb

el
t E

st
at

es
 - 

S 
ba

si
n

4
5

3
3

3
4

3.
9

So
ut

hf
ie

ld
27

3
St

an
da

rd
 F

ed
er

al
 B

an
k

7
3

3
3

2
2

3.
8

W
es

t B
lo

om
fie

ld
 T

w
p

50
1

C
hi

m
ne

y 
H

ill
s A

pt
.

8
2

3
3

2
2

3.
8

So
ut

hf
ie

ld
53

6
R

ei
d 

G
la

ss
 - 

Pa
rk

in
g 

St
or

ag
e

2
10

3
1

1
1

3.
8

W
es

t B
lo

om
fie

ld
 T

w
p

90
3

M
ap

le
 P

la
ce

 - 
E 

ba
si

n
4

3
5

2
4

6
3.

8

B
lo

om
fie

ld
 T

w
p

39
0

C
ar

ril
lo

n 
H

ill
s

3
5

2
7

2
2

3.
8

So
ut

hf
ie

ld
14

1
C

ra
nb

ro
ok

 P
la

ce
 A

pt
s.

3
3

3
5

3
7

3.
7

So
ut

hf
ie

ld
24

2
M

ea
do

w
cr

es
t A

pt
s.

4
2

3
9

2
2

3.
7

So
ut

hf
ie

ld
25

9
W

or
d 

of
 F

ai
th

 - 
ba

si
n 

B
2

4
3

7
3

4
3.

7

Tr
oy

36
5

R
iv

er
 M

ea
do

w
2

6
5

3
2

3
3.

7

B
lo

om
fie

ld
 T

w
p

48
1

K
irk

w
ay

 R
av

in
es

6
3

3
4

2
2

3.
7

So
ut

hf
ie

ld
21

4
G

E 
Pl

as
tic

s -
 N

 b
as

in
8

2
3

2
2

2
3.

7

W
es

t B
lo

om
fie

ld
 T

w
p

46
2

Po
to

m
ac

 T
ow

ne
 2

4
3

3
3

4
6

3.
7

B
lo

om
fie

ld
 T

w
p

63
7

Pi
ne

hu
rs

t S
ub

.
8

2
3

2
2

2
3.

7

B
lo

om
fie

ld
 T

w
p

91
2

M
ap

le
 V

ill
ag

e
6

3
3

3
2

3
3.

7

R
oc

he
st

er
 H

ill
s

35
3

N
or

th
br

oo
k 

Su
b.

 - 
ba

si
n 

2
2

4
3

7
2

4
3.

6

R
oc

he
st

er
 H

ill
s

32
7

A
lle

n 
B

ro
th

er
s

2
7

3
3

2
2

3.
6

Tr
oy

36
7

A
da

m
s P

oi
nt

e
2

4
6

3
3

4
3.

6

Tr
oy

66
0

C
re

se
nt

 R
id

ge
 S

ub
.

4
2

3
8

2
2

3.
6

So
ut

hf
ie

ld
25

7
W

R
IF

/W
X

Y
Z 

St
ud

io
s

2
3

3
8

2
4

3.
5

So
ut

hf
ie

ld
28

6
In

ge
rs

ol
l

2
4

4
4

3
5

3.
5

R
oc

he
st

er
 H

ill
s

31
4

C
ol

on
ia

l M
in

i S
to

ra
ge

8
2

3
1

2
2

3.
5

W
es

t B
lo

om
fie

ld
 T

w
p

46
5

Te
m

pl
e 

Is
ra

el
4

4
3

3
4

2
3.

5

So
ut

hf
ie

ld
53

0
Pa

rk
w

es
t G

al
le

rie
s

8
2

2
2

3
1

3.
5

So
ut

hf
ie

ld
17

5
C

ou
nt

ry
 V

ill
ag

e 
Pl

az
a

8
2

3
2

1
1

3.
5

W
es

t B
lo

om
fie

ld
 T

w
p

39
3

al
di

ng
br

oo
ke

 - 
ba

si
n2

2
6

3
2

4
3

3.
5

W
es

t B
lo

om
fie

ld
 T

w
p

41
6

M
ap

le
 C

re
ek

 C
on

do
s 2

4
3

3
3

3
5

3.
5

W
es

t B
lo

om
fie

ld
 T

w
p

69
2

H
id

de
n 

C
re

ek
4

3
4

2
2

6
3.

5

Sc
or

in
g 

fr
om

 1
 to

 1
0 

(1
0 

be
in

g 
ve

ry
 p

oo
r 

or
 h

ig
he

st
 p

ri
or

ity
)



 
 

R
ou

ge
 M

ai
n 

1-
2 

Su
bw

at
er

sh
ed

 
y:

\2
00

30
2\

20
03

02
79

\d
es

ig
n\

re
po

rt\
te

xt
\rp

t0
1.

do
c 

5-
29

 
D

et
en

tio
n 

B
as

in
 In

ve
nt

or
y 

T
ab

le
 5

.3
: D

et
en

tio
n 

B
as

in
 P

ri
or

iti
za

tio
n 

– 
Fi

na
l S

co
ri

ng
 (c

on
tin

ue
d)

C
V

T
B

as
in

 ID
Si

te
N

am
e

B
as

in
 

H
yd

ra
ul

ic
s

M
ai

nt
en

an
ce

W
at

er
 

Q
ua

lit
y

R
et

ro
fit

 
Po

te
nt

ia
l

Sa
fe

ty
A

es
th

et
ic

s
W

ei
gh

te
d 

T
ot

al

So
ut

hf
ie

ld
13

5
W

el
lin

gt
on

 P
la

ce
 M

an
or

 - 
N

 b
as

in
2

4
6

3
2

3
3.

4

R
oc

he
st

er
 H

ill
s

33
8

Pi
ne

 T
ra

ce
 G

ol
f C

lu
b

3
4

3
3

3
4

3.
4

B
lo

om
fie

ld
 T

w
p

37
9

B
lo

om
fie

ld
 N

or
th

 E
st

at
es

4
2

3
6

2
3

3.
4

B
lo

om
fie

ld
 T

w
p

38
4

Sp
ru

ce
 H

ill
s

3
4

2
6

2
2

3.
4

So
ut

hf
ie

ld
27

5
K

ris
ty

 W
oo

ds
 C

on
do

s -
 E

 b
as

in
2

6
3

3
2

2
3.

3

R
oc

he
st

er
 H

ill
s

35
0

C
ro

ok
s C

ro
ss

in
g 

Ea
st

9
1

3
1

1
1

3.
3

R
oc

he
st

er
 H

ill
s

35
1

C
ro

ok
s C

ro
ss

in
g 

Ea
st

9
1

3
1

1
1

3.
3

W
es

t B
lo

om
fie

ld
 T

w
p

43
3

Si
m

sb
ur

y 
C

on
do

s
4

3
3

4
2

3
3.

3

So
ut

hf
ie

ld
53

1
V

ic
to

r C
en

te
r O

ffi
ce

 - 
R

et
en

tio
n 

A
re

a 
2

3
7

3
1

1
1

3.
3

So
ut

hf
ie

ld
23

3
O

ak
la

nd
 C

om
m

on
s

3
3

3
4

4
3

3.
3

So
ut

hf
ie

ld
23

8
Pa

rk
 P

la
ce

 T
ow

n 
C

en
te

r
4

3
3

3
2

4
3.

3

R
oc

he
st

er
 H

ill
s

33
2

A
m

er
ic

an
 H

ou
se

3
3

3
6

2
2

3.
3

B
lo

om
fie

ld
 T

w
p

39
1

A
pp

le
gr

ov
e

3
4

3
3

4
2

3.
3

Tr
oy

66
1

Es
ta

te
s o

f C
am

br
id

ge
2

4
4

3
3

4
3.

3

W
es

t B
lo

om
fie

ld
 T

w
p

90
9

Ta
m

-O
-S

ha
nt

er
 - 

ba
si

n 
B

4
2

4
3

3
4

3.
3

So
ut

hf
ie

ld
24

6
B

lu
e 

W
at

er
 P

ro
du

ct
io

ns
3

3
3

3
3

4
3.

1

Tr
oy

37
4

Fo
re

st
 C

re
ek

 1
3

3
3

3
4

3
3.

1

W
es

t B
lo

om
fie

ld
 T

w
p

42
5

O
ak

br
oo

ke
 S

ub
. -

 so
ut

h
4

3
3

2
3

3
3.

1

R
oc

he
st

er
 H

ill
s

46
6

Sa
nc

tu
ar

y 
in

 th
e 

H
ill

s -
 b

as
in

 B
2

4
3

3
3

4
3.

1

W
es

t B
lo

om
fie

ld
 T

w
p

69
8

W
es

t B
lo

om
fie

ld
 T

w
p.

 P
ub

lic
 

Li
br

ar
y

4
2

3
3

3
4

3.
1

B
lo

om
fie

ld
 T

w
p

43
9

Ec
ho

w
oo

d 
Su

b.
5

2
2

4
2

2
3.

1

So
ut

hf
ie

ld
10

4
W

al
gr

ee
n 

D
ru

g
3

3
4

3
1

3
3.

0

So
ut

hf
ie

ld
22

0
Pa

rk
 P

la
ce

 A
pt

s.
4

2
3

4
2

2
3.

0

So
ut

hf
ie

ld
52

5
Ev

er
gr

ee
n 

N
ur

si
ng

 H
om

e
3

2
2

6
2

3
3.

0

R
oc

he
st

er
 H

ill
s

32
6

M
ea

do
w

br
oo

k 
Ic

e 
C

re
am

2
3

4
3

3
3

2.
9

W
es

t B
lo

om
fie

ld
 T

w
p

42
9

R
id

ge
w

oo
d 

Pt
.

3
2

5
2

3
3

2.
9

R
oc

he
st

er
 H

ill
s

70
5

D
an

a 
A

ut
om

ot
iv

e
2

4
3

3
2

3
2.

9

So
ut

hf
ie

ld
46

9
C

ar
so

n 
C

en
te

r
3

2
4

2
4

3
2.

9

Tr
oy

36
2

C
ha

rn
w

oo
d 

H
ill

s 4
 - 

S 
ba

si
n

3
3

3
3

2
2

2.
8

Sc
or

in
g 

fr
om

 1
 to

 1
0 

(1
0 

be
in

g 
ve

ry
 p

oo
r 

or
 h

ig
he

st
 p

ri
or

ity
)



 
 

R
ou

ge
 M

ai
n 

1-
2 

Su
bw

at
er

sh
ed

 
y:

\2
00

30
2\

20
03

02
79

\d
es

ig
n\

re
po

rt\
te

xt
\rp

t0
1.

do
c 

5-
30

 
D

et
en

tio
n 

B
as

in
 In

ve
nt

or
y 

T
ab

le
 5

.3
: D

et
en

tio
n 

B
as

in
 P

ri
or

iti
za

tio
n 

– 
Fi

na
l S

co
ri

ng
 (c

on
tin

ue
d)

C
V

T
B

as
in

 ID
Si

te
N

am
e

B
as

in
 

H
yd

ra
ul

ic
s

M
ai

nt
en

an
ce

W
at

er
 

Q
ua

lit
y

R
et

ro
fit

 
Po

te
nt

ia
l

Sa
fe

ty
A

es
th

et
ic

s
W

ei
gh

te
d 

T
ot

al

B
in

gh
am

 F
ar

m
s

90
4

A
rd

en
 C

ou
rts

4
2

3
3

2
2

2.
8

So
ut

hf
ie

ld
16

4
M

ea
de

 L
ex

us
 E

as
t

3
2

3
3

4
2

2.
8

So
ut

hf
ie

ld
26

6
Su

re
 G

ua
rd

 S
to

ra
ge

2
3

3
3

3
3

2.
8

R
oc

he
st

er
 H

ill
s

34
7

So
ut

h 
B

lv
d.

 M
un

ic
ip

al
 - 

S 
ba

si
n

4
3

2
2

2
2

2.
8

So
ut

hf
ie

ld
10

3
W

al
gr

ee
n 

D
ru

g
3

2
5

2
1

3
2.

7

So
ut

hf
ie

ld
24

0
La

w
re

nc
e 

Te
ch

2
3

3
3

2
3

2.
7

R
oc

he
st

er
 H

ill
s

31
9

A
ub

ur
n 

Pl
ac

e
2

2
3

3
2

4
2.

5

So
ut

hf
ie

ld
27

0
R

iv
er

w
oo

d
3

2
4

2
1

2
2.

5

Tr
oy

36
1

C
ha

rn
w

oo
d 

H
ill

s 4
 - 

N
 b

as
in

2
2

3
4

2
2

2.
5

W
es

t B
lo

om
fie

ld
 T

w
p

42
2

M
ap

le
w

oo
ds

 S
ub

.
4

2
3

2
1

1
2.

5

So
ut

hf
ie

ld
20

9
Ire

ne
's 

M
yo

m
as

so
lo

gy
2

2
3

3
2

3
2.

4

So
ut

hf
ie

ld
12

5
Fo

un
ta

in
 P

ar
k 

O
ffi

ce
 C

om
pl

ex
1

2
5

2
2

3
2.

3

W
es

t B
lo

om
fie

ld
 T

w
p

45
8

Se
ph

ar
di

c 
C

hu
rc

h
2

2
3

3
2

2
2.

3

R
oc

he
st

er
 H

ill
s

32
5

M
ea

do
w

br
oo

k 
Ic

e 
C

re
am

2
2

3
4

1
1

2.
3

R
oc

he
st

er
 H

ill
s

34
6

So
ut

h 
B

lv
d.

 M
un

ic
ip

al
 - 

N
 b

as
in

3
2

2
2

2
2

2.
3

So
ut

hf
ie

ld
14

0
Ev

er
gr

ee
n 

N
ur

si
ng

 H
om

e
2

2
2

3
2

2
2.

2

So
ut

hf
ie

ld
53

2
V

ic
to

r C
en

te
r O

ff
ic

e 
- R

et
en

tio
n 

A
re

a 
3

3
2

3
1

1
1

2.
1

B
ev

er
ly

 H
ill

s
10

2
W

oo
ds

 o
f T

hu
rn

be
rr

y
3

1
2

2
2

2
2.

0

So
ut

hf
ie

ld
53

8
C

ou
nt

ry
 V

ill
ag

e 
Pl

az
a

2
2

3
2

1
1

2.
0

So
ut

hf
ie

ld
69

9
Fr

an
kl

in
 R

ac
qu

et
 C

lu
b 

- u
nd

er
gr

nd
2

2
3

1
1

1
1.

8

So
ut

hf
ie

ld
12

6
Fo

un
ta

in
 V

ie
w

 O
ff

ic
e

1
2

2
1

2
2

1.
6

Sc
or

in
g 

fr
om

 1
 to

 1
0 

(1
0 

be
in

g 
ve

ry
 p

oo
r 

or
 h

ig
he

st
 p

ri
or

ity
)



 
 

R
ou

ge
 M

ai
n 

1-
2 

Su
bw

at
er

sh
ed

 
y:

\2
00

30
2\

20
03

02
79

\d
es

ig
n\

re
po

rt\
te

xt
\rp

t0
1.

do
c 

5-
31

 
D

et
en

tio
n 

B
as

in
 In

ve
nt

or
y 

T
ab

le
 5

.4
: D

et
en

tio
n 

B
as

in
 C

at
eg

or
ie

s 

N
um

be
r

in
 M

ai
n 

1-
2 

%
 o

f T
ot

al
 

B
as

in
 T

yp
e 

D
es

cr
ip

tio
n 

(o
ut

 o
f 3

73
) 

in
 M

ai
n 

1-
2 

C
om

m
en

ts
 

D
ry

 
D

ry
 b

as
in

 w
ith

 re
st

ric
te

d 
or

ifi
ce

 o
ut

le
t. 

18
7 

50
.1

 
M

ai
nl

y 
fo

r f
lo

od
 p

ro
te

ct
io

n.
 

W
et

 
W

et
 c

on
st

ru
ct

ed
 o

r n
at

ur
al

 p
on

d 
w

ith
 a

 
m

in
im

um
 3

 ft
. p

oo
l d

ep
th

 a
nd

 re
st

ric
te

d 
ou

tle
t. 

87
 

23
.3

 
Ty

pi
ca

lly
 a

 n
at

ur
al

 p
on

d,
 la

ke
, o

r 
la

nd
sc

ap
ed

 w
at

er
 fe

at
ur

e.
 

D
ry

 E
xt

en
de

d 
D

et
en

tio
n 

D
ry

 b
as

in
 w

ith
 a

 p
er

fo
ra

te
d 

ris
er

 p
ip

e 
to

 a
 

re
st

ric
te

d 
or

ifi
ce

 o
ut

le
t. 

   
27

 
7.

2 
Pr

ov
id

es
 so

m
e 

w
at

er
 q

ua
lit

y 
an

d 
er

os
io

n 
pr

ot
ec

tio
n.

  T
yp

ic
al

ly
 h

as
 a

n 
ov

er
flo

w
. 

D
ry

 C
at

ch
ba

sin
 

D
ry

 b
as

in
 w

ith
 a

 b
ee

hi
ve

 C
B

.  
W

at
er

 ty
pi

ca
lly

 
flo

w
s i

nt
o 

th
e 

C
B

 v
ia

 p
ip

es
 a

nd
 o

ut
 th

ro
ug

h 
a 

re
st

ric
te

d 
or

ifi
ce

.  
 W

at
er

 b
ac

ks
 u

p 
in

to
 th

e 
ba

si
n 

to
 p

ro
vi

de
 st

or
ag

e.
   

  

26
 

7.
0 

W
at

er
 b

ac
ks

 u
p 

in
to

 th
e 

ba
si

n 
to

 p
ro

vi
de

 
st

or
ag

e.
  T

yp
ic

al
ly

 h
as

 n
o 

ov
er

flo
w

.  
N

ot
 

re
co

m
m

en
de

d.
 

W
et

la
nd

 
N

at
ur

al
 w

et
la

nd
 a

re
a 

us
ed

 fo
r d

et
en

tio
n 

st
or

ag
e.

 
16

 
4.

3 
Pr

ov
id

e 
go

od
 w

at
er

 q
ua

lit
y,

 a
es

th
et

ic
s, 

an
d 

ha
bi

ta
t. 

 N
ot

 re
co

m
m

en
de

d 
by

 M
D

EQ
 if

 it
 

is
 n

ot
 a

 c
on

st
ru

ct
ed

 st
or

m
 w

at
er

 w
et

la
nd

.  
 

Pa
rk

in
g 

Su
rf

ac
e 

pa
rk

in
g 

lo
t a

nd
 u

nd
er

gr
ou

nd
 p

ip
e 

st
or

ag
e 

w
ith

 a
 re

st
ric

te
d 

or
ifi

ce
 o

ut
le

t. 
  

Ty
pi

ca
lly

 h
as

 n
o 

ov
er

flo
w

.  
 

8 
2.

1 
Ty

pi
ca

lly
 h

as
 n

o 
ov

er
flo

w
.  

N
o 

w
at

er
 

qu
al

ity
 c

on
tro

l. 

R
et

en
tio

n 

 B
as

in
 w

ith
 n

o 
ou

tle
t. 

 W
at

er
 le

av
es

 th
ro

ug
h 

in
fil

tra
tio

n 
or

 e
va

po
ra

tio
n.

  D
es

ig
ne

d 
fo

r 2
 x

 
10

0 
yr

 c
ap

ac
ity

. 

7 
1.

9 
 2

 x
 1

00
 y

r c
ap

ac
ity

.  
Em

er
ge

nc
y 

ov
er

flo
w

. 

Pu
m

pe
d 

D
et

en
tio

n 
D

et
en

tio
n 

ba
si

n 
(ty

pi
ca

lly
 d

ry
) w

ith
 p

um
pe

d 
ou

tfl
ow

.  
 T

yp
ic

al
ly

 h
as

 n
o 

ov
er

flo
w

. 
4 

1.
1 

Ty
pi

ca
lly

 h
as

 n
o 

ov
er

flo
w

. 

W
et

 E
xt

en
de

d 
D

et
en

tio
n 

W
et

 p
on

d 
(a

s a
bo

ve
) w

ith
 a

 p
er

fo
ra

te
d 

ris
er

 
pi

pe
 to

 a
 re

st
ric

te
d 

or
ifi

ce
 o

ut
le

t. 
3 

0.
8 

Pr
ov

id
es

 so
m

e 
w

at
er

 q
ua

lit
y 

an
d 

er
os

io
n 

pr
ot

ec
tio

n.
  T

yp
ic

al
ly

 h
as

 a
n 

ov
er

flo
w

. 
In

lin
e 

D
et

en
tio

n 
O

pe
n 

dr
ai

n 
w

ith
 a

 w
ei

r s
tru

ct
ur

e 
pr

ov
id

in
g 

so
m

e 
de

te
nt

io
n 

w
ith

in
 th

e 
ch

an
ne

l. 
2 

0.
5 

N
ot

 re
co

m
m

en
de

d 
by

 M
D

EQ
. 

W
et

 a
nd

 W
et

la
nd

 
W

et
 p

on
d 

(a
s a

bo
ve

) w
ith

 a
n 

at
ta

ch
ed

 w
et

la
nd

 
ar

ea
 o

r w
et

la
nd

 sh
el

f. 
2 

0.
5 

Pr
ov

id
e 

go
od

 w
at

er
 q

ua
lit

y,
 a

es
th

et
ic

s. 
an

d 
ha

bi
ta

t. 
 N

ot
 re

co
m

m
en

de
d 

by
 M

D
EQ

 if
 it

 
is

 n
ot

 a
 c

on
st

ru
ct

ed
 st

or
m

 w
at

er
 w

et
la

nd
. 

D
ry

 a
nd

 P
ar

ki
ng

 
D

ry
 b

as
in

 w
ith

 so
m

e 
pa

rk
in

g 
lo

t a
nd

 p
ip

e 
st

or
ag

e.
  T

he
 re

st
ric

to
r i

s d
ow

ns
tre

am
 in

 th
e 

st
or

m
 se

w
er

 li
ne

.  
 T

yp
ic

al
ly

 h
as

 n
o 

ov
er

flo
w

. 

1 
0.

3 
Fl

oo
d 

pr
ot

ec
tio

n.
 

D
ry

 C
at

ch
ba

sin
 a

nd
 P

ar
ki

ng
 

D
ry

 c
at

ch
ba

sin
 ty

pe
 w

ith
 so

m
e 

pa
rk

in
g 

lo
t a

nd
 

pi
pe

 st
or

ag
e.

 
1 

0.
3 

Ty
pi

ca
lly

 a
 n

at
ur

al
 p

on
d,

 la
ke

, o
r 

la
nd

sc
ap

ed
 w

at
er

 fe
at

ur
e.

 
T

ot
al

 
 

37
3 

10
0 

 



 
 

R
ou

ge
 M

ai
n 

1-
2 

Su
bw

at
er

sh
ed

 
y:

\2
00

30
2\

20
03

02
79

\d
es

ig
n\

re
po

rt\
te

xt
\rp

t0
1.

do
c 

5-
32

 
D

et
en

tio
n 

B
as

in
 In

ve
nt

or
y 

T
ab

le
 5

.5
: H

ig
he

st
 R

an
ke

d 
R

et
ro

fit
 P

ot
en

tia
l S

ite
s 

C
V

T
B

as
in

 ID
 

Si
te

N
am

e
R

et
ro

fit
 

Po
te

nt
ia

l 
E

xp
an

si
on

 C
ap

ac
ity

 
W

es
t B

lo
om

fie
ld

 T
w

p 
46

1 
Po

to
m

ac
 T

ow
ne

 1
 - 

ba
si

n 
2 

9 
10

0 
So

ut
hf

ie
ld

 
52

4 
W

ea
th

er
st

on
e 

N
. T

ow
nh

ou
se

s -
 S

 b
as

in
 

9 
10

0 
So

ut
hf

ie
ld

 
22

6 
W

ill
ow

tre
e 

A
pa

rtm
en

ts
 

9 
0 

W
es

t B
lo

om
fie

ld
 T

w
p 

39
6 

W
es

t B
lo

om
fie

ld
 M

ed
ic

al
 B

ld
g 

- W
 b

as
in

 
9 

0 
B

lo
om

fie
ld

 T
w

p 
63

8 
Sh

ak
er

 H
ei

gh
ts

 
9 

50
 

R
oc

he
st

er
 H

ill
s 

33
1 

R
ob

er
t E

va
ns

 D
ra

in
 R

eg
io

na
l -

 O
ut

lo
t B

 
9 

25
 

So
ut

hf
ie

ld
 

25
0 

M
D

O
T 

R
eg

io
na

l 
9 

10
0 

W
es

t B
lo

om
fie

ld
 T

w
p 

46
3 

Po
to

m
ac

 V
ill

ag
e 

3 
9 

10
0 

Tr
oy

 
37

3 
Lo

ng
vi

ew
 A

cr
es

 
9 

50
 

So
ut

hf
ie

ld
 

24
2 

M
ea

do
w

cr
es

t A
pt

s. 
9 

0 
So

ut
hf

ie
ld

 
15

4 
H

am
pt

on
 H

ot
el

 
8 

0 
R

oc
he

st
er

 H
ill

s 
31

8 
Lu

ed
er

s D
ra

in
 R

eg
io

na
l -

 M
id

va
le

 b
as

in
 

8 
0 

W
es

t B
lo

om
fie

ld
 T

w
p 

39
5 

C
V

S 
Ph

ar
m

ac
y 

8 
10

0 
R

oc
he

st
er

 H
ill

s 
30

9 
N

or
th

fie
ld

 In
du

st
ria

l 
8 

0 
W

es
t B

lo
om

fie
ld

 T
w

p 
39

9 
Ja

ck
 C

au
le

y 
C

he
vr

ol
et

 - 
ba

si
n 

A
 

8 
75

 
So

ut
hf

ie
ld

 
21

5 
Tr

ow
br

id
ge

 A
pt

s. 
8 

10
0 

So
ut

hf
ie

ld
 

91
4 

B
ur

ge
r K

in
g 

8 
0 

R
oc

he
st

er
 H

ill
s 

54
7 

C
ho

pe
 U

ni
on

 
8 

10
0 

So
ut

hf
ie

ld
 

11
6 

Pa
vi

lio
n 

Tw
nh

se
 C

on
do

s 
8 

10
0 

B
lo

om
fie

ld
 T

w
p 

48
2 

D
or

da
n 

Su
b.

 
8 

0 
W

es
t B

lo
om

fie
ld

 T
w

p 
41

5 
M

ap
le

 C
re

ek
 C

on
do

s 3
 

8 
10

0 
So

ut
hf

ie
ld

 
53

5 
W

or
d 

of
 F

ai
th

 - 
ba

si
n 

D
 

8 
10

0 
R

oc
he

st
er

 H
ill

s 
32

3 
C

om
bu

st
io

n 
R

es
ea

rc
h 

8 
75

 
B

lo
om

fie
ld

 T
w

p 
55

1 
C

la
re

nd
on

 C
re

st
 

8 
10

0 
R

oc
he

st
er

 H
ill

s 
35

2 
M

ea
do

w
cr

ee
k 

C
on

do
s 

8 
0 

So
ut

hf
ie

ld
 

18
5 

V
ill

as
 o

f P
eb

bl
e 

C
re

ek
 E

as
t 

8 
50

 



 
 

R
ou

ge
 M

ai
n 

1-
2 

Su
bw

at
er

sh
ed

 
y:

\2
00

30
2\

20
03

02
79

\d
es

ig
n\

re
po

rt\
te

xt
\rp

t0
1.

do
c 

5-
33

 
D

et
en

tio
n 

B
as

in
 In

ve
nt

or
y 

C
V

T
B

as
in

 ID
 

Si
te

N
am

e
R

et
ro

fit
 

Po
te

nt
ia

l 
E

xp
an

si
on

 C
ap

ac
ity

 
So

ut
hf

ie
ld

 
22

8 
Ir

vi
ne

 R
eh

ab
 C

en
te

r 
8 

50
 

W
es

t B
lo

om
fie

ld
 T

w
p 

43
2 

Si
m

sb
ur

y 
 C

on
do

s 
8 

25
 

So
ut

hf
ie

ld
 

18
0 

M
ap

le
 T

re
e 

A
pt

s. 
8 

10
0 

So
ut

hf
ie

ld
 

25
8 

W
or

d 
of

 F
ai

th
 - 

ba
si

n 
A

 
8 

0 
B

lo
om

fie
ld

 T
w

p 
54

5 
H

id
de

n 
Pi

ne
s S

ub
. 

8 
0 

So
ut

hf
ie

ld
 

16
1 

G
al

le
ria

 O
ff

ic
e 

Pa
rk

 
8 

50
 

W
es

t B
lo

om
fie

ld
 T

w
p 

69
3 

B
ro

ok
fie

ld
 A

ca
de

m
y 

8 
0 

Tr
oy

 
66

0 
C

re
se

nt
 R

id
ge

 S
ub

. 
8 

10
0 

So
ut

hf
ie

ld
 

25
7 

W
R

IF
/W

X
Y

Z 
St

ud
io

s 
8 

0 
W

es
t B

lo
om

fie
ld

 T
w

p 
50

3 
W

oo
dc

lif
f o

n 
th

e 
La

ke
 

7 
0 

So
ut

hf
ie

ld
 

11
0 

C
he

ls
ea

 C
ro

ss
in

g 
tw

nh
se

 C
on

do
s 

7 
0 

W
es

t B
lo

om
fie

ld
 T

w
p 

69
1 

C
om

pu
w

ar
e 

7 
0 

W
es

t B
lo

om
fie

ld
 T

w
p 

52
3 

A
ut

um
n 

R
id

ge
 E

st
at

es
 

7 
25

 
So

ut
hf

ie
ld

 
13

1 
Fr

an
kl

in
 H

ill
s A

pt
s. 

7 
0 

W
es

t B
lo

om
fie

ld
 T

w
p 

52
1 

V
ill

ag
e 

Sq
ua

re
 

7 
0 

So
ut

hf
ie

ld
 

21
2 

D
en

so
 In

te
rn

at
io

na
l -

 W
 b

as
in

 
7 

0 
W

es
t B

lo
om

fie
ld

 T
w

p 
45

7 
D

un
ha

m
s 

7 
10

0 
R

oc
he

st
er

 H
ill

s 
32

8 
R

oc
he

st
er

 H
ill

s E
xe

c 
- A

 
7 

10
0 

B
lo

om
fie

ld
 T

w
p 

54
6 

B
lo

om
fie

ld
 C

ro
ss

in
g 

Su
b.

 
7 

10
0 

So
ut

hf
ie

ld
 

53
4 

W
or

d 
of

 F
ai

th
 - 

ba
si

n 
C

 
7 

0 
So

ut
hf

ie
ld

 
21

7 
V

ill
ag

e 
H

ou
se

 C
on

do
s 

7 
10

0 
B

lo
om

fie
ld

 H
ill

s 
48

0 
W

hi
sp

er
in

g 
Pi

ne
s 

7 
0 

B
in

gh
am

 F
ar

m
s 

90
7 

D
an

ka
 - 

So
ut

h 
7 

0 
So

ut
hf

ie
ld

 
26

0 
M

ea
do

w
br

oo
k 

V
ill

as
 

7 
25

 
R

oc
he

st
er

 H
ill

s 
31

3 
N

Y
 C

on
ey

 
7 

0 
So

ut
hf

ie
ld

 
16

2 
G

al
le

ria
 - 

N
E 

ba
si

n 
7 

0 
W

es
t B

lo
om

fie
ld

 T
w

p 
69

5 
M

id
dl

eb
el

t E
st

at
es

 - 
N

W
 b

as
in

 
7 

50
 



 
 

R
ou

ge
 M

ai
n 

1-
2 

Su
bw

at
er

sh
ed

 
y:

\2
00

30
2\

20
03

02
79

\d
es

ig
n\

re
po

rt\
te

xt
\rp

t0
1.

do
c 

5-
34

 
D

et
en

tio
n 

B
as

in
 In

ve
nt

or
y 

C
V

T
B

as
in

 ID
 

Si
te

N
am

e
R

et
ro

fit
 

Po
te

nt
ia

l 
E

xp
an

si
on

 C
ap

ac
ity

 
So

ut
hf

ie
ld

 
13

9 
C

ha
nt

ic
le

er
 C

on
do

s 
7 

25
 

B
in

gh
am

 F
ar

m
s 

36
0 

W
oo

dl
yn

ne
 

7 
10

0 
So

ut
hf

ie
ld

 
13

2 
Th

e 
La

ke
s A

pt
s. 

7 
10

0 
W

es
t B

lo
om

fie
ld

 T
w

p 
40

3 
G

at
ew

ay
 C

en
te

r -
 b

as
in

 B
 

7 
0 

R
oc

he
st

er
 H

ill
s 

35
6 

M
ea

do
w

br
oo

k 
El

em
en

ta
ry

 
7 

0 
B

lo
om

fie
ld

 T
w

p 
54

4 
M

itc
he

ll 
C

t. 
C

on
do

s 
7 

0 
B

lo
om

fie
ld

 T
w

p 
60

0 
C

ro
fto

n 
Su

b.
 

7 
0 

B
lo

om
fie

ld
 T

w
p 

60
4 

In
di

an
w

oo
d 

Su
b.

 
7 

0 
W

es
t B

lo
om

fie
ld

 T
w

p 
40

0 
Ja

ck
 C

au
le

y 
C

he
vr

ol
et

 - 
ba

si
n 

C
 

7 
0 

W
es

t B
lo

om
fie

ld
 T

w
p 

40
1 

Ja
ck

 C
au

le
y 

C
he

vr
ol

et
 - 

ba
si

n 
B

 
7 

10
0 

So
ut

hf
ie

ld
 

23
0 

O
ak

la
nd

 C
om

m
on

s -
 E

 b
as

in
 

7 
25

 
So

ut
hf

ie
ld

 
23

1 
O

ak
la

nd
 C

om
m

on
s -

 W
 b

as
in

 
7 

0 
B

lo
om

fie
ld

 T
w

p 
68

2 
W

es
tv

ie
w

 B
as

in
 

7 
0 

R
oc

he
st

er
 H

ill
s 

35
5 

A
vo

nd
al

e 
M

id
dl

e 
Sc

ho
ol

 
7 

0 
B

in
gh

am
 F

ar
m

s 
35

9 
Ja

co
bs

on
 B

ld
g.

 
7 

0 
B

lo
om

fie
ld

 T
w

p 
39

0 
C

ar
ril

lo
n 

H
ill

s 
7 

0 
So

ut
hf

ie
ld

 
25

9 
W

or
d 

of
 F

ai
th

 - 
ba

si
n 

B
 

7 
0 

R
oc

he
st

er
 H

ill
s 

35
3 

N
or

th
br

oo
k 

Su
b.

 - 
ba

si
n 

2 
7 

10
0 



  Rouge Main 1-2 Subwatershed 
y:\200302\20030279\design\report\text\rpt01.doc 6-1 Detention Basin Inventory 

Section 6 
Recommendations

The following section summarizes recommendations for detention basins relative to the findings 

discussed in Section 5.  General recommendations related to the overall regulation and management of 

stormwater detention facilities are presented first, followed by more specific recommendations regarding 

design and review of future detention basins, additional investigations of existing detention basins, future 

inspection and maintenance programs, maintenance needs and costs for existing detention basins, 

potential modifications  and costs for existing detention basins, and potential retrofits and costs for 

existing detention basins. 

General Recommendations 

A. Establish an adequate record keeping system for all existing and future detention basins, including: 

o Final design calculations and drawing(s); 

o As-Built drawing(s); 

o Property owner contact information; 

o Maintenance agreements; 

o Documentation of proper basin construction; 

o Documentation of correspondence; 

o Documentation of basin maintenance and inspection. 

B. Develop model ordinance(s) for the Main 1-2 Subwatershed that include(s) specific, quantitative 

design criteria for detention basins to provide treatment for water quality as well as extended 

detention to protect from streambank erosion. 

Recommendations and considerations for developing this ordinance and design criteria are presented 

in subsequent text, starting on page 6-3.  

C. Develop a design review checklist to insure that basins are designed correctly based on the desired 

function(s).   

D. Develop and implement an inspection program to document that construction has been completed in 

accordance with approved design, including use of a field inspection form(s) for final inspections. 
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E. Establish detention basin maintenance requirements. Appropriate basin maintenance programs should 

specify the person(s) or organization responsible for the maintenance and how the maintenance 

operations will be financed. (University of Wisconsin – Madison, 2004.)   

Recommendations and suggestions for detention basin maintenance and inspection are presented in 

the subsequent text, starting on page 6-8. 

F. Develop a model maintenance agreement and/or ordinance or other regulatory mechanism that may 

be adopted by local communities requiring adequate basin maintenance.  Communities may want to 

consider establishing a policy which allows them to hire a qualified contractor to conduct detention 

basin maintenance if the owner does not adequately perform maintenance as required.  

G. Develop and implement a detention basin inspection program to ensure that basins are being 

adequately maintained.  Insure that adequate regulatory mechanisms are in place to require 

construction approvals, notification procedures, inspection fees, and compliance. 

Recommendations and suggestions for detention basin maintenance and inspection are presented in 

the subsequent text, starting on page 6-8. 

H. Review the detention basin rankings and data presented in Sections 5 and 8 and develop community 

specific plans for addressing high priority maintenance needs and implementing basin modifications 

and/or retrofits.    

Recommendations and costs for basin maintenance, modifications and potential retrofits are presented 

in the subsequent text, starting on page 6-9. 

I. Develop and implement a program to educate developers, homeowner associations, and other basin 

owners on the benefits of detention basins and the need for adequate maintenance.  One example of 

this type of education is the workshops recently conducted in Auburn Hills and Bloomfield 

Township.

J. Consider developing an incentive program to encourage owners of existing detention basins to 

undertake maintenance or retrofit of their basins.  
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Design and Plan Review of Future Detention Basins 

In developing the detention basin design criteria and plan review checklist –recommended in General 

Recommendations B and C in the previous subsection – the OCDC and communities should consider the 

following items. This list is based, in part, on field observations and the finding discussed in Section 5. It 

is not intended to be an all-inclusive list of design criteria.  

Runoff Coefficient:  In some cases, the runoff coefficient (C factor) noted in the design calculations 

seemed low.  A low runoff coefficient can significantly reduce the amount of storage volume 

required.  Although it was not within the scope of this project to evaluate all of the design parameters 

used in the initial design calculations, this is worth noting.  (The information is available within the 

inventory database so that communities can compare the runoff coefficient (where it is available) to 

the land use to screen for this problem.) Communities should review their design criteria to insure 

that adequate guidance is available for designers as well as staff conducting plan review.  

Site Drainage: On some sites inventoried, not all of the stormwater runoff from the site was detained 

even though there appeared to be adequate storage volume for the whole site.  In some cases, basins 

did not receive any direct storm sewer inflow.  In other cases, not all of the site drainage was directed 

through the basin and was, therefore, not detained.  This was sometimes noted in the comments 

section of the database.  Site drainage should be thoroughly reviewed during plan review to ensure 

that all site drainage is adequately detained. 

Soil Conditions: Local soil conditions affect the infiltration rate, side slope stability, bottom erosivity, 

ability to grow vegetation, and chemical and biological processes in wet ponds.  Many of the basins 

inventoried had poorly drained clayey soils or minor ponding.  However, approximately 30 basins 

had sandy or well drained soils.   

o Although soil observations were not completed for all 373 basins the results suggest that 

retention or infiltration basins may be a viable option in about 10% of the Main 1-2 

subwatershed.   

o Extra precautions should be used to stabilize silty and unconsolidated soils.  Seed mixes and 

maintenance practices should be modified in areas with clay soils. 

o Where wet basins are planned, pond water loss can be a problem.  Areas with high percentages of 

coarse grained soils may need clay blankets, liners, or soil compaction to maintain water levels. 
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Basin Shape: Irregularly-shaped basins are generally more aesthetic than rectangular, triangular, or 

circular basins.  The basin should be designed to fit in to the surrounding natural topography 

(University of Wisconsin – Madison, 2004). 

Storm Sewers:  Require criteria, such as recommended by ASCE (ASCE, 1970), for the design of 

storm sewers so that they are self-cleansing such as: 

Velocity = 3.0 ft/sec (0.9 m/sec) or  

Minimum Shear Stress = 0.027 to 0.26 lb/ft2 (1.3-12.6 N/m2)

Inflow:  In some cases, storm sewer discharges into the basin were causing erosion.  All stormwater 

runoff should be directed to the basin at a non-erosive velocity.  This may require vegetation and the 

installation of energy dissipaters or level spreaders.   

Outflow: Recommendations for Outflow design include: 

o Discourage the use of Parking lot and Dry Catchbasin type basins where the Outflow is a beehive 

catchbasin located at the bottom of a depression which drains through a restricted pipe away from 

the site.  These are prone to blockage and typically provide no Overflow structure. 

o Wet ponds may use a surface weir, pipe, or wide channel to minimize erosion (University of 

Wisconsin-Madison, 2004) and usually have less problems with blockage except with floating 

debris.

o Encourage the use of a riser pipe to provide extended detention or locate the restrictor within the 

pipe leaving a drop structure.  The drop structure should have a sump which can be cleaned out 

and which minimizes blockage.  A 4” Outflow pipe at the bottom of a dry basin is prone to 

blockage and is difficult to clean 

Overflow Structures:  An overflow structure or spillway is necessary to direct flows away from 

buildings in case the Outflow becomes blocked or the runoff exceeds the capacity of the basin.  Over 

56% of basins inventoried did not have a formal overflow structure or emergency spillway.  The 

topography of the site may have allowed some of these basins to overflow to a street catchbasin or to 

a ditch, but for safety purposes and flood protection this is a problem.  Some basins had one or more 

overflow structures as well as an overflow spillway, but some basins, particularly older ones, did not 

have a way to safely overflow.   
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Freeboard:  Both FEMA and BOCA require one foot of freeboard above the storage volume to allow 

the basin to safely overflow through the overflow swale or structure when the basin exceeds its 

storage capacity.  Approximately 78% of the basins inventoried provided no freeboard or less than 1 

ft. of freeboard. (The amount of freeboard could not be measured at many basins.) Minimum depth of 

freeboard should be an established design criterion and should be reviewed during the plan review 

process for future basins. 

Litter and Debris:  Although the occurrence of litter debris cannot be entirely eliminated, the use of 

fencing, trash racks, and sumps may minimize the impact of debris. 

Access:  Provide a right-of-way and stable access road for trucks and appropriate excavators and 

other anticipated maintenance equipment. 

Fencing:  Strategic placement of fencing, such as along a roadway, can help to keep litter from a 

basin.  However, fencing can also reduce access for maintenance and can be costly to install and 

maintain.  Appropriate slope grading, safety features, and landscaping may be used instead where site 

conditions allow. 

Velocities: Spillways, Inflow pipes and Outflow structures should be adequately stabilized and 

designed to discharge at non-erosive velocities. 

Temporary Sedimentation Basins:  An area should not be used as a temporary sediment basin if an 

infiltration basin is to be constructed.  If a dry basin is used as a temporary sediment basin during 

construction and the bottom is not excavated and stabilized, then there will be problems with invasive 

vegetation, ponding, algae, and aesthetics. 

Safety/Accessibility:  Although it is difficult to totally exclude people from basins, accessibility is one 

of the main issues affecting safety.  Based on the observations in the field and adaptations of 

published recommendations (University of Wisconsin – Madison, 2004), the following factors are 

important safety considerations: 

o Location – reducing the visibility of the basin reduces accessibility.  Locating basins on private 

property with adequate ‘no trespassing’ signage allows less access. 

o Isolation - Fencing of steep sided and deeper, wet basins promotes exclusion, but often causes 

aesthetic concerns.  Fenced basins are often not maintained adequately and may impede 
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emergency access, if necessary.  Fencing may be required around steep side slopes, retaining 

walls or some Outflow structures.  Plant screening provides another solution with the combined 

benefits of reducing visibility, uptake of nutrients, soil stabilization, and some filtration of 

overland runoff.  Emergent vegetation such as cattails along the shoreline can prevent basin 

access.  Likewise, maintaining mowed turf grass to the water’s edge encourages access, thereby 

increasing safety problems. 

o Other planned uses of the basin – Detention basins should generally be used for storm water 

control and treatment only.  Maintaining a stocked fishery for other recreational purposes presents 

several problems: it encourages access, it may require aeration in cold climates which can create 

dangerous ice conditions, and fish from a storm water basin could represent a health risk if eaten.  

However, minnows and other small fish can reduce populations of mosquitoes and other biting 

insects.  Since basins are not tested and potentially represent a health risk due to high bacteria and 

other pollutants, swimming should not be encouraged in storm water basins. 

o Appropriate signage – depending on site-specific potential problems and concerns, warning signs 

may address thin ice, no littering, no trespassing, pick up animal wastes, no feeding wildlife 

(particularly waterfowl), steep slopes, or other concerns. 

Side Slopes:  A minimum 10 ft. wide bench with a 10:1 (H:V) slope should be constructed around the 

edge of wet basins.  Upper side slopes should be 3:1 (H:V) or less.  Side slopes should be stabilized 

with vegetation and mulch or appropriate rolled erosion control products. 

Water Depth and Level Stability:  Designing for appropriate water depths and minimizing wide 

fluctuations in water levels should be considered.  Steep drop-offs at the pond edge should be 

avoided.

Bar grates:  Bar grates should be installed over overflow structures and on end-sections of pipes 18 

inches in diameter or larger.  Openings should be smaller than 6 inches yet large enough to reduce the 

potential for debris blockage and trapping animals.  Particularly where velocities exceed three feet per 

second, anti-vortex baffles should be considered as part of a bar grate on Outflow structures. 

Pathways: Pathways should not be too steep, turn abruptly near the water, or be located directly 

adjacent to the water edge. 
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Stabilize Dry Basins: Dry basins should be cleaned out and stabilized following the completion of all 

construction.  Stabilizing the bottom of the basin at the elevation of the outlet will reduce the aesthetic 

problems with invasive plant growth, ponding, and algae.  Detention basin plans should clearly 

indicate how stabilization will be implemented and when. 

Stabilize Basin Side Slopes:  Side slopes should be adequately stabilized and erosion prevention 

should be utilized while the site is under construction.  Plans should clearly indicate how stabilization 

will be implemented.  

o Permanent stabilization of the side slopes of the basin should be completed within 5 days of final 

grading.   

o Slopes steeper than 3:1 (H:V) should be stabilized with appropriate erosion control blankets of 

turf reinforcement mats.  Otherwise side slopes can be seeded and stabilized with crimped straw 

or hydraulically applied mulch. 

o The storm sewer outfalls (Inflows to the basin) and basin Outflow structures should be adequately 

stabilized and have appropriate energy dissipators, where necessary. 

o The use of deeper-rooting non-invasive, native plant species should be used to provide better soil 

stabilization and infiltration resulting in lower maintenance, reduced runoff volumes, and 

improved aesthetics. 

Landscaping and vegetative buffers:  There are several considerations in selecting appropriate 

landscaping and vegetation.  Frequent mowing is necessary to maintain lawns in dry basins.  

Depending on the landscaping, the side slopes of wet basins may need periodic mowing or pruning of 

trees and shrubs.  Some mixes of native sedges and forbs require less maintenance once they become 

established.  Upland vegetation should complement the aquatic vegetation expected such as a buffer 

of shrubs, trees, sedges and forbs blending into emergent vegetation along a shallow shelf area.  

Detention basin plans should clearly indicate the landscaping and/or vegetation to be implemented as 

well as anticipated maintenance.  

Additional Investigations of Existing Detention Basins 

As noted in the Findings and Observations (Section 5) field investigations were not always successful in 

verifying all basin parameters.  The following items may warrant further investigation.  The OCDC and 

communities should review the overall subwatershed rankings as well as their individual community-

specific rankings and determine which investigations are appropriate.  
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Verify Actual/Provided Detention Basin Volumes:  During the study, it was not possible to accurately 

determine the ratio of required storage volume to volume provided for nearly 50% of the basins.  

After the more overgrown basins are maintained and/or the Outflow structures are cleaned out, a 

more detailed evaluation of the storage volume provided and the need for providing additional storage 

should be completed. 

Verify Storage Volume Deficiencies:  The volume of detention basin storage provided should be at 

least the volume required by County or local standards.  Where the inventory database indicates that 

the volume estimated in the field is less than 75% of the volume required (per the design calculations) 

the county and/or communities should initiate further investigation.  If further investigation reveals 

that the actual basin capacity significantly under-sized, the community (or County) should determine 

if it is appropriate and/or feasible to provide additional volume.  If additional storage is appropriate, 

then the community should work with the owner to determine a way(s) to provide additional storage 

onsite, offsite, or during site re-development or expansion. 

Verify Existence of Restrictors:  Over one third of the basins did not have an adequate restrictor 

installed or the restrictor size could not be verified.  Sometimes the basin Outflow was underwater, 

buried, or not found at all.  In some cases the restrictor may be installed somewhere in the storm 

sewer system downstream of the basin outlet.  Therefore, further investigation of these basins may be 

necessary to determine if the basin discharge is being restricted to the allowable discharge rate (per 

County or local standards) or not. 

Investigate Sediment Accumulations:  More detailed investigations of sediment accumulation in wet 

basins should be completed to determine the need for dredging, particularly in ponds where nuisance 

algae, excessive aquatic vegetation, and high turbidity are a problem.  Some wet ponds had excessive 

sedimentation and obviously needed dredging.  In other ponds, the depth of sediment was unknown 

because the as-built pool depth was not provided and sediment probing was not possible.  Excessive 

levels of sediment in a pond can lead to loss of storage, increased turbidity, anaerobic bottom 

conditions, and the storage of high nutrient levels.   

Future Inspection and Maintenance Programs 

In developing the detention basin inspection and maintenance programs - recommended in General 

Recommendations D, E, and F presented in the previous subsection – the OCDC and communities should 
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consider the following items.  This is not intended to be an all-inclusive list of inspection and 

maintenance concerns.  

Periodically Inspect Structures:  Inspect catchbasin sumps, overflow structures, pipes, and other 

structures yearly  (in late spring or late fall).   

Periodically Clean Structures:  To some degree, almost 33% of the Inflow pipes were blocked and 

over 30% of the Outflows were blocked.  Structures must be periodically cleared of litter, sediment, 

and debris in order to function properly. Cleaning structures on a routine basis can reduce and/or 

eliminate the need to clean out the basin itself.  The type of Outflow structure and the location of the 

restrictor can significantly affect the amount and frequency of Outflow blockage.  An appropriate 

cleaning frequency for structures can be determined through periodic inspections.    

Periodically Clean Basin:  Litter, trash, woody debris, decayed vegetation, and other debris needs to 

be cleaned from basins on a regular basis.  This is particularly important near Outflow pipes and other 

structures.  The appropriate cleaning frequency for the basins can be determined through periodic 

inspections.

Maintain Vegetation: Some wet ponds have problems with excessive aquatic vegetation or algae to 

the extent that they may require periodic maintenance.  Other basins have problems with invasive 

upland plants.   

Inspect for Illicit Discharges: Several pollutant ‘hotspots’ and potential illicit discharges and 

connections were identified during the field assessment.  Basin inspection procedures should include 

checking for signs of illicit discharges.   

Maintenance Needs and Costs for Existing Detention Basins 

As indicated in General Recommendation H, the county and communities should review the detention 

basin data and rankings in Sections 5 and 8 and develop community specific plans for addressing high 

priority maintenance needs and implementing basin modifications.  

Sediment Removal from Basins: Some wet ponds had excessive sedimentation and obviously needed 

dredging.  Excessive levels of sediment in a pond can lead to loss of storage, increased turbidity, 



  Rouge Main 1-2 Subwatershed 
y:\200302\20030279\design\report\text\rpt01.doc 6-10 Detention Basin Inventory 

anaerobic bottom conditions, and the storage of high nutrient levels.  Dredging can be costly but may 

be the only way to restore a wet basin.   

Costs for removal and disposal of sediment are dependent on whether the sediment is contaminated or 

not.  Sediment contamination is not usually a problem in residential land use areas but should be one 

of the first things determined when evaluating costs.   

If the effort and expense are taken to dredge a basin, an accessible sediment trap should be installed at 

the major Inflows and appropriate source controls should be considered. 

Typical costs for sediment removal from basins are presented in Table 6.1. 

Structural Repairs and/or Replacement:  During the inventory approximately 5% of Inflow pipes and 

5% of Outflow pipes were identified as needing structural repair.  The condition of other structures 

could not be verified because they were not found or were buried.   In addition erosion around pipes 

and structures was common.  The condition of the structures should be verified through review of the 

photos in the database or through further field investigation, and prioritized for repair or replacement.  

Typical costs associated with pipe replacements are presented in Table 6.1 

Cleaning Pipes and Structures:  Sediment bars, algae, litter, and organic debris were observed 

deposited in front of many of the Inflow pipes.  Almost one third of the Inflow pipes had some degree 

of blockage and over 7% of the Inflow pipes were more than half blocked.  Over 30% of the Outflow 

pipes were blocked with sediment, riprap, vegetation, and/or debris.  The condition of some Outflow 

pipes could not be verified because they were not found or they were submerged.  Blockage of the 

Outflow from the basin has a significant impact on the basins hydraulic characteristics, its ability to 

drain, and represents a possible threat to flooding. 

Communities should prioritize cleaning of pipes and/or other structures based on the basin data and 

ranking information. 

Typical costs associated with cleaning pipes and structures are presented in Table 6.1 
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Basin Slope Stabilization:  Erosion of side slopes was common due to a lack of adequate permanent 

erosion control measures.  Erosion can lead to basin sedimentation, Outflow blockage, and safety 

concerns.  Communities should prioritize slope stabilization needs based on the basin data and 

ranking information. 

Typical costs for slope stabilization are presented in Table 6.1. 

The costs presented in Table 6.1 are estimated construction costs only.  Depending on the magnitude of 

work and whether or not the community can implement the maintenance with its own staff and 

equipment, actual costs may be higher due to engineering, permitting and/or construction oversight.  

These costs are presented for planning purposes only. 

Basin Modifications and Estimated Costs 

OCDC and the participating Main 1-2 communities should review the basin specific information in 

Section 8 to determine which of their basins may not be fully functioning as designed.  Where 

maintenance alone is not sufficient to achieve the design objectives, minor modifications may be 

necessary.  Basin modifications refer to physical or structural changes that do not alter the type of basin, 

but are necessary for the basin to safely achieve its original design objectives.   

Typical basin modifications that may be necessary include: 

1. Install restrictor in the outflow pipe, if required, to control the basin discharge rate. 

2. Modify outflow to reduce occurrence of blockage(s). 

3. Install energy dissipater or level spreader at inflow locations to prevent erosion and reduce 

velocities.  If the basin discharges directly to an open channel, the outfall may need to be 

stabilized.

4. Install fencing, bar screen, or grating. 

5. Install overflow structure or emergency spillway to safely direct flows that exceed the capacity of 

the basin. 

The following modifications are not typically necessary to meet original design objectives, but may be 

desirable to enhance and/or achieve water quality, aesthetic, and/or other benefits: 

6. Establish vegetative buffer to improve soil stability, water quality, and aesthetics. 

7. Install sediment trap/forebay to enable easier and more frequent maintenance. 
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8. Provide access road of gravel, vegetated geocellular confinement, or grass paver for access to 

perform maintenance, or repairs. 

9. Install measures to reduce short-circuiting such as berms, baffles, fences, or walls to enhance the 

removal of suspended fine solids. 

10. Daylighting storm sewer pipes into dry swales to provide some water quality pre-treatment, 

reduce runoff volumes, and decrease velocities. 

11. Provide pre-treatment before discharging to basin such as: source controls, proprietary vortex 

separator, or grass swales. 

12. Install pond fountain or bottom aerator. 

13. Provide signage (regarding no swimming, wildlife, prohibited usage, etc.) 

Tables 6.2A & B provide cost estimates for these basic basin modifications.  Additional mobilization 

costs (approximately 10%) may need to be added in some cases to the cost estimates if the modification is 

limited in scope.  The cost estimates should be used for planning purposes only.   

Potential Retrofits and Estimated Costs 

Basin retrofitting refers to re-constructing a basin to provide benefits in addition to those for which it was 

originally designed. 

It is recommended that OCDC and the participating Main 1-2 communities review the data in their 

respective Table in Section 8 and prioritize the basins for retrofit based on the benefits that they want 

those basins to achieve as well as their priorities for basin maintenance and modification. Due to the 

considerable upfront costs required for retrofitting (and likely higher maintenance costs), the development 

of appropriate funding mechanisms are required to adequately implement retrofits as part of a long-term 

stormwater management program. 

Because detention basins already exist, are generally accepted, and the property has been allocated for 

their use, they make good candidates for modification or re-construction to provide other benefits in 

addition to flood control.  Most of the detention basins in the Main 1-2 Subwatershed were designed to 

provide only peak flood control, however these basins may be modified to provide other benefits such as: 

Providing regional detention to accept flows from a larger drainage area – these facilities can 

reduce construction and maintenance costs (MDEQ, 1999) but few areas in the Main 1-2 have 

adequate room for expansion without purchasing adjacent land. 
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Water quality treatment – MDEQ recommends that treatment for water quality should be 

addressed throughout a watershed (MDEQ, 1999). 

Streambank erosion protection – basins that combine extended detention storage with peak flood 

control storage have the potential to protect streams from excessive erosion.  Due to the extent of 

channel erosion throughout the Main 1-2, extended detention is recommended throughout the 

subwatershed. 

Groundwater recharge – promoting groundwater recharge by using infiltration practices is 

recommended to reduce impacts to stream temperatures and flows during drought.  Because 

retention and infiltration practices are the only ones that reduce the volume of stormwater runoff, 

they are the best options for stormwater management.  However, they are also the most 

susceptible to failure when not design and constructed in conformance with the best available 

guidance.  For infiltration practices, the soil should have an infiltration rate of at least 0.52 in/hr 

(hydrologic soils group A or B).   

Many new types of stormwater management facilities have been developed over the past few decades to 

achieve multiple objectives.  The following discussion describes the types of detention facilities found in 

the Main 1-2 and clarifies some of the terminology before presenting specific retrofit options. 

The majority of the detention basins in the Main 1-2 Subwatershed were conventional dry basins designed 

to provide flood protection. However some had unique design characteristics and it was useful to classify 

them into several types.  There were ten different types of basins and three that provided a combination of 

two different types of detention for a total of thirteen basin categories.  The basin type for each of the 373 

detention basins is indicated in the database and Table 7.3A.  Table 5.4 describes the characteristics of 

each type of basin and provides the number of each type.  Table 5.5 lists the highest ranked retrofit 

potential sites.  Table 6.3 compares the characteristics of various basin alternatives.   

Dry basins – This type of basin is the most common in the Main 1-2.  It is typically an excavated 

basin with a restricted outlet at the elevation of the basin bottom.  Dry basins may provide up to 10% 

Total Suspended Solids (TSS) removal (Schueler, 1995).  The fact that sediment accumulation was 

not a pervasive problem may be because the dry detention facilities do not provide much pollutant 

removal benefits.  ‘Short-circuiting’ was also common in many dry basins.  Although this allows the 

basin to drain quicker during small rain events, it reduces water quality benefits.  Dry basins without 

extended detention storage do not provide adequate streambank erosion protection (CWP, 2004).  Dry 
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basins are not a recommended best management practice for water quality improvement (MDEQ, 

1999).

Wet basins – Wet detention basins maintain several feet (at least 3 ft) of water in a permanent pool 

(University of Wisconsin – Madison, 2004).  The primary pollutant removal mechanism is through 

settling, but nutrient removal also occurs through biological activity in the pond.  Pocket ponds can be 

used in areas that receive drainage of 1 to 5 acres.  Ponds have good TSS removal at approximately 

75% (Schueler, 1995).  Pollutant removal and streambank protection benefits can be improved by 

combining a permanent pool with extended detention (such as in the wet extended detention basin). 

Dry extended detention – Approximately 7% of the basins in the Main 1-2 were dry extended 

detention.  These basins slowly release the runoff from smaller (1 to 2 yr) storms, achieve 

approximately 30% TSS removal (Schueler, 1995).  They do not have a permanent pool, but could be 

constructed with small ‘micropools’ at the inlet and outlet of the pond to further improve water 

quality.  They can also protect against streambank erosion and provide some groundwater infiltration, 

but have limited pollutant removal. 

Dry catchbasin and parking lot – Dry basins with a catchbasin outlet and underground parking storage 

facilities provide no sediment removal unless catchbasin sumps are provided somewhere in the storm 

sewer system.  Catchbasin sumps can provide approximately 22% TSS reduction (University of 

Wisconsin – Madison, 2004).  However, these sumps must be maintained in order to be effective.  

Catchbasin sumps begin to act as a source of sediment when they become 50 to 60% full (Sutherland, 

1998).  Sediment accumulation in sumps, pipes, and structures was a ubiquitous problem. 

Wetlands – Stormwater wetlands are designed specifically for the purpose of treating stormwater 

runoff, and typically have less biodiversity than natural wetlands in terms of both plant and animal 

life.  There was little or no detailed design information for the wetland detention facilities in the Main 

1-2 because most were originally natural, non-uniform wetlands.  MDEQ does not recommend 

altering natural ponds and wetlands for stormwater treatment and/or storage (MDEQ, 1999).  The use 

of constructed ‘artificial’ stormwater wetlands is recommended in areas with appropriate hydrology 

because the TSS and nutrient removal of constructed stormwater wetlands is very high (Table 6.3) 

and they provide aesthetic value.  There are several design variations of the stormwater wetland, each 

design differing in the relative amounts of shallow and deep water, and dry storage above the wetland 

(CWP, 2004). 

Retention – The terms ‘detention’ and ‘retention’ are sometimes used interchangeably.  However, 

MDEQ defines a retention basin as a storm water management practice that ‘captures stormwater 

runoff, and does not directly discharge to a surface water body’ (MDEQ, 1999).  Water leaves the 

basin mainly by infiltration, but may also leave through evaporation and transpiration.  Retention 
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basins should have an emergency overflow to protect against flood damage when the basin capacity is 

exceeded.  Because retention reduces the volume of stormwater runoff, they are one of the best 

options for stormwater management.  However, when constructed to OCDC design requirements, 

retention basins require enough volume for two 100 yr storms which can be costly to construct. 

Pumped detention – Pumped detention basins offer the opportunity for a permanent wet pool to 

provide some water quality benefits.  Out of the four pumped basins in the Main 1-2, only one had a 

permanent pool.  Gravity outflow structures are preferred to pumped outlets where conditions allow 

due to possible problems with pump failures. 

Wet extended detention – These basins are similar to the wet basins described above but provide 

extended detention.  They achieve up to 75% TSS removal (Schueler, 1995).  Extended detention can 

also protect against streambank erosion, but was only present in 3-4% of the wet basins in the Main 1-

2 subwatershed. 

Inline (online) and off-line detention – Inline detention generally involves the widening the floodplain 

width and constructing an embankment across the channel in order to provide detention storage 

within the floodway.  The storage of water in excavated areas or closed conduits next to an open 

channel is termed off-line detention (Mays, 2001).  The off-line facility can be designed to capture the 

first flush and/or large flood events and discharge them back to the channel over an extended period 

of time.  There are two inline detention facilities identified in the Main 1-2, neither of which have 

adequate expansion room to enable them to be re-constructed as off-line basins.  Off-line basins are 

recommended where room permits (MDEQ, 1999).  Inline facilities can interfere with the sediment 

transport capacity of a stream and therefore may require high maintenance, provide minimal water 

quality benefits, significantly warm the water, and prevent migration of fish and aquatic life. 

Infiltration trenches, infiltration basins, and dry wells – Infiltration trenches and dry wells are similar 

in that they are generally an excavated trench that is filled with coarse aggregate and covered with a 

layer of pervious soil (MDEQ, 1999).  Dry wells primarily infiltrate runoff from rooftops, while 

infiltration trenches capture runoff from streets and parking lots.  Although these practices were not 

found during the inventory of the Main 1-2, they are recommended as possible retrofit options 

(Schueler, 1995 and MDEQ, 1999).  For infiltration practices, the soil should have an infiltration rate 

of at least 0.52 in/hr (hydrologic soils group A or B).  Based on preliminary field observations, 

infiltration practices may be appropriate in approximately 10% of the Main 1-2.  Infiltration basins 

are also a recommended stormwater management practice, but they are not a good option for 

retrofitting existing basins due to the potential for failure (University of Wisconsin – Madison, 2004).  
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Possible basin retrofits include: 

1. Convert Dry Detention Basin into Dry Extended Detention – There are 19 basins (<9% of the dry and 

dry catchbasin type of basins) in the Main 1-2 that have 75% or more room for expansion and should, 

therefore, be further evaluated for re-construction to provide extended detention.  An additional six 

basins are estimated to have 50% expansion area available.  Also, because the storm quantity (flood 

control) storage is provided on top of the extended detention storage, other basins could provide 

extended detention if they can be excavated deeper. 

2. Convert Dry Detention Basin into Wet Extended Detention – There are 18 basins (<8% of the dry 

basin, dry catchbasin, and dry extended detention type of basins) in the Main 1-2 that have 75% or 

more room for expansion and have poorly drained soils and should, therefore, be further investigated 

for the ability to provide wet extended detention.   

3. Convert Dry Detention Basin into Constructed Wetland Basin – There are 15 basins (<8% of the dry 

basin, dry catchbasin, and dry extended detention type of basins) in the Main 1-2 that appear to have 

100% or more room for expansion and have poorly drained soils.  Of these 15 basins, eight are larger 

than ¼ acre and should, therefore, be further investigated for the ability to provide constructed 

wetlands.

4. Convert Dry Pumped Detention Basin into Wet Pumped Detention Basin – there are four dry pumped 

detention basins and one wet pumped detention basin in the Main 1-2 subwatershed.  Of the four dry 

pumped detention basins, one is smaller than ¼ acre and one is used by residents as part of their 

backyards.  Therefore, two basins could be further investigated for the ability to provide a permanent 

pool.

5. Convert Any Basin into Regional Detention Facility – There are two basins in the Main 1-2 that have 

100% or more room for expansion and are larger than one acre and could, therefore, be further 

investigated for the ability to provide regional detention.  

6. Retrofit Any Dry Basin to Replace an Inflow Pipe with an Infiltration Trench or Dry Well – There are 

20 dry basins with sandy or hydrologic group Type A or B soils were present.  At these basins, either 

replacing a section of storm sewer by an infiltration trench or re-directing roof (or footing) drainage 

to a dry well could be further investigated. 

Table 6.4 lists the estimated costs for these typical retrofits.  The costs presented are construction costs 

only. Where retrofitting costs are not available, the typical cost of new construction is provided.  It is 

important to recognize that retrofitting costs may be higher.   An additional 25-30% should typically be 
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added to the construction costs for engineering, permitting, and construction oversight.  The cost 

estimates are for planning purposes only.   

The data analyses and recommendations in this section are not intended to be a compilation of all possible 

considerations, but provide some examples of how the data can be interpreted to assist in the planning 

process.  Each community has been provided with the field and plan review data so that the database can 

be updated and modified as new information becomes available.  The database can also be queried in 

many additional ways to meet community-specific priorities and needs.   
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Table 6.2A: Estimated Costs for Typical Necessary Basin Modifications 

Item
No.

Basin Modification Cost Per Assumptions 

1 Install restrictor in the 
Outflow pipe 

$300 Outflow 4” PVC pipe mortared into 12” 
concrete pipe. 

2 Modify Outflow structure varies each Costs vary due to type of structure 
and accessibility 

3 Energy dissipator at Inflow 
pipe

$50-60 yd2 Heavy riprap on gravel and 
geotextile filter. 

4A Install 6’ fence $8,700 500 ft Aluminized steel chain-link 
industrial fencing with 12 ft. gate. 

4B Install bar screen varies each New bar screen installed on end-
section of 36” concrete pipe 

5 Emergency overflow swale $1,000 8-10 yd2 spillway 
in top of berm 

4 yd3 excavation, grading, seed, turf 
reinforcement mat installed. 
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Table 6.2B: Estimate Costs of Additional Basin Modifications 

Item
No.

Basin Modification Cost Per Assumptions 

6 Plant vegetative buffer 
around wet basin – total 
cost

$5,200 1/4 ac.      
(11,000 ft2)

Includes Items 6A-D. 

6A Rodeo herbicide 
application

$1,100 1/4 ac.      
(11,000 ft2)

Two applications of Rodeo or 
equivalent glyphosate product to 
eradicate turf grass or ecologically 
invasive vegetation. 

6B Wet prairie mix seeding $800 1/4 ac.      
(11,000 ft2)

2.5 lb of pre-mixed seed applied. 

6C Wetland plant plugs $800 1/4 ac.      
(11,000 ft2)

200 wetland plantings with 1 yr 
guarantee

6D Plant shrubs $2,500 1/4 ac.      
(11,000 ft2)

50 shrub plantings (24" container, 
mulch mat/collar) installed with 1 
yr. guarantee 

7A Install sediment forebay $23,000 10,000 ft3 Includes excavation of 3 ft. deep 
sump with a solid base consisting of 
fabric-formed concrete mat for 
cleaning.

7B Install sediment sump $1,500 9 yd3 Lined with crushed concrete. 

8 Install gravel access road $10 yd2 4-6” fractured aggregate over 
geotextile fabric. 

9A Install earthen berm to 
minimize short-circuiting 

$7,500 100 ft. 3 ft. high berm, seeded with turf 
reinforcement mat.  Suitable fill 
material is available onsite. 

9B Install vinyl sheet piling 
for shoreline stabilization 
or to minimize short-
circuiting

$17 ft2 Includes installation, header caps, 
and whaler plates. 

10A Small-scale storm sewer 
daylighting 

$10,000 
to

$12,000

100 ft. Culvert removed and dry swale 
installed.

10B Section of storm sewer 
removed and replaced by 
infiltration trench 

$15,000 
to

$18,000

100 ft.         
(1,200 ft3)

Culvert removed and infiltration 
trench installed. 

11 Install proprietary vortex 
separator

$16,500 each Vortechnics Model 5000 sized for 
2.4 acre drainage area. 

12A Install pond fountain $3,500 ac. 1 HP/ acre 

12B Install pond bottom aerator $3,000 ac. ¾ HP/ acre 

13 Signs (materials only) $80-150 
and up

each Depending on size and materials 
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Table 6.4: Estimated Costs for Basin Retrofitting and New Basin Construction 

Item
No. Basin Retrofit Cost Per Comments
1A Convert dry detention basin 

outflow to extended detention 
outflow

$2,000 each Add extended detention 
outflow - 36" diameter pre-
cast CMP riser with staged 
release holes and steel grate. 

1B Convert dry detention basin 
outflow to extended detention 
outflow

$2,500 each Add extended detention 
outflow - 48" diameter pre-
cast CMP riser with staged 
release holes and steel grate. 

1C Dry extended detention basin 
(new)

$49,000  
$281,000

1 ac-ft
10 ac-ft 

Excludes land costs. 

2A Convert dry detention facility 
to three-cell wet pond 

$900,000 800 acres Re-constructed Outlet and 
emergency spillway, access 
road, safety bench/wetland 
shelf, excavated pools. 

2B Construct wet extended 
detention basin (new) 

$46,000  
$232,000  

$1,170,000

1 ac-ft
10 ac-ft
100 ac-ft 

Excludes land costs. 

3 Constructed stormwater 
wetland (new) 

$67,100  
$340,000  

$1,728,000

1 ac-ft
10 ac-ft
100 ac-ft 

Excludes land costs. 

4 Convert dry pumped detention 
basin into seasonal wet pond 

$19,000 basin Modify pumped outlet to 
create a permanent pool.  
Modify low-flow channel to 
prevent short-circuiting. 

5 Construct regional (dry 
extended) detention facility 
(new)

 $1,623,000  100 ac-ft  Excludes land costs. 

6 Construct infiltration trench $6-8 ft3 of 
water
treated

Construction cost.  
Retrofitting cost may be 
more. 
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Section 7 
Watershed-Wide Results 
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Table 7.1A: Database Attributes for General Basin Information

Data Attribute Description
BASIN INFORMATION 
CVT Code for community, village, or township where basin is located. 

Example data entry: RHC  (City of Rochester Hills) 
Source: GIS 

BASINID Randomly specified individual number assigned to basin. 

Example data entry: 101 
Source: assigned by HRC 

SITENAME Commonly used name for detention basin site. 

Example data entry: U.S. Storage Facility 
Source: Obtained from the plans provided by the community, or 
determined in the field (if not available on plans). 

CVTREF The reference number assigned to the basin by the city, village or 
township (if any). 

Example data entry: varies by community 
Source: City, village or township 

SEC Section where basin is located. 

Example data entry: 29 
Source: GIS 

QTRSEC Quarter section where basin is located. 

Example data entry: SW  
Source: GIS 

SIDWELL Sidwell number of parcel where detention basin is located 

Example data entry : 07-477-015 
Source: community, GIS  

FILEINFO Description of the file number used by the local community (if any) or 
the HRC job number if HRC did the original site plan review.  

Example data entry: 7-2-018 
Source: Community, or HRC 

PLANINFO Description of information provided by community. Indicates if plans 
area available, name of design consultant, date of plans, and if plans are 
as-built (AB).

Example data entry: Nudell Architects; 10/00 AB 
Source: plans provided by community 

PLANAVAIL Indicates if plans, details and/or calculations are available or not. 

Example data entry: y 
Source: information provided by community 
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Data Attribute Description
BASIN INFORMATION 
MAINTAGREEMEN
T

Indicates whether or not there is a maintenance agreement for the basin. 

Example data entry: n 
Source: information provided by community 

LOCATION General description of geographic location, typically relative to major 
cross roads.

Example data entry: Southwest corner of Crooks and Auburn 
Roads
Source: Plans provided by community. Verified in field. 

ASSETMAINT Person or entity responsible for maintenance of detention basin. 

Example data entry: City 
Source: community 

ASSETOWNER Owner of parcel with detention basin 

Example data entry: Name, address, phone number 
Source: community 

LANDUSE Primary land use of area contributing to detention basin. 

Example data: Res.  (i.e., residential) 
Source: GIS, maps.  Verified in field through cursory 
observation of area.

CONTRIBUTINGA
CREAGE

Size of land area contributing to detention basin; in acres. 

Example data entry: 5.7  
Source: plans and/or design calculations provided by community 

DESIGNSTORM Recurrence frequency of design storm event used to calculate required 
volume.  

Example data entry: 10-yr. 1-hr 
Source: plans and/or design calculations 

ALLOWABLEDISC
HARGE

The maximum discharge rate allowed by Oakland County standards or 
local community standards (if provided).  Usually based on 0.2 cfs/acre 
in accordance with Oakland County standards, unless otherwise noted. In 
cfs.

Example data entry: 0.87 
Source: plans and/or calculations provided by community.  

RUNOFFCOEFF Runoff coefficient used to calculate runoff volume tributary to detention 
basin.

Example data entry: 0.35 
Source: plans and/or design calculations provided by community 
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Data Attribute Description
BASIN INFORMATION 
STOREDEPTH Detention basin overflow spillway elevation minus detention basin outlet 

pipe invert (or restrictor) elevation; in feet.  

Example data entry: 3  
Source: plans.  Verified in field.

STOREREQD The calculated detention volume required, in ft3.

Example data entry: 34,400  
Source: plans and/or design calculations provided by community 

STOREPROVD Total detention volume provided, in ft3.

Example data entry: 34,500  
Source: plans and/or design calculations provided by 
community. Verified in field.  

TOPAREA Area at contour elevation of basin overflow spillway. Provided on plans, 
or calculated from information on plans; in ft2.

Example data entry: 13,000   
Source: plans provided by community 

MIDAREA Area at contour elevation approximately halfway up side of basin; in ft2.

Example data entry: 8,000 
Source: field measured 

BOTTOMAREA Area at contour elevation of outflow pipe invert (or restrictor).  Provided 
on plans, or calculated from information on plans; in ft2.

Example data entry: 6,500  
Source: plans provided by community 

FREEBOARD Depth of freeboard provided (i.e., elevation of top of berm minus 
elevation of spillway); in ft.  

Example data entry: 1  
Source: plans provided by community.  Verified in field. 

POOLDEPTH Depth of the permanent pool (if applicable); in ft. 

Example data entry: est. 4   
Source: plans provided by community.  Verified in field. 

BASINSHAPE Description of the general shape of the detention basin. 

Example data entry: rect.  
Source: plans 

SIDESLOPE The slope of the detention basin side walls. Recorded as the ratio of 
horizontal change per 1 foot of vertical change, i.e., to H:1. 

Example data entry: 6 (meaning 6:1) 
Source: plans provide by community.  Verified in field 
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Data Attribute Description
BASIN INFORMATION 
LENGTH Length of the detention basin; in ft. 

Example data entry: 130  
Source: plans 

WIDTH Width of detention basin; in ft. 

Example data entry: 100  
Source: plans 

BASINTYPE Indicates if basin was designed as wet or dry basin, or as parking lot 
storage.

Example data entry: dry 
Source: plans 

COMMENTS General comments and observations about unique basin characteristics.  

Example data entry: Erosion at SE inflow structure; broken end-
section.
Source: plans provided by community and observations made in 
field.

SEDIMENT Depth of sediment accumulated in basin, if any; in ft. 

Example data entry: 0.2 – 0.5 
Source: observed in field. 

SOILS General description of type of soil at basin site, based on brief visual 
observation in field including texture and drainage.   

Example data entry: loamy sand 
Source: observed in field based on…. 

VEGCLASS Brief description of predominant class of vegetation(s) at basin site. 

Example data entry: turf, shrub 
Source: observed in field 

VEGINDICATOR Indicates presence of algae, purple loosestrife, buckthorn and invasive or 
unique plan species.  

Example data entry: P. Loosestrife 
Source: observed in field 

EXPANSIONCAP Rough estimate of potential to expand the detention basin, based on 
availability of land adjacent to the basin; in %.  

Example data entry: 100  
Source: plans provided by community and observations made in 
field
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Data Attribute Description
BASIN INFORMATION 
RECOMMENDATI
ONS

Preliminary site-specific recommendations for possible maintenance 
and/or modifications. 

Example data entry: stabilize slope at SE inflow structure. 
Source: plans provided by community and observations made in 
field
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Table 7.1B: Database Attributes for Basin Inlet Information 

Data Attribute Description
BASIN INLET INFORMATION
INFLOWID Identification number assigned to inlet(s) at detention basin. 

Example data entry: 1 
Source: assigned by consultant based on plans provided by 
community. Number and locations of inlets verified in field.  

DESCRIPTION
(inflow)

Description of inlet(s) to detention basin. 

Example data entry: poorly defined swale 
Source: observed in field. 

LOCATION
(inflow)

Location of inlet.  

Example data entry: SW corner 
Source: plans provided by community. Verified in field.  

DIAMETER
(inflow)

Diameter of inlet, in inches.  

Example data entry: 15 
Source: plans provided by community.  Verified in field.  

MATERIAL 
(inflow)

Material that inlet is constructed of. 

Example data entry: conc.  
Source: plans provided by community.  Verified in field.  

ELEVATION 
(inflow)

Elevation of invert of inlet to basin, or as otherwise noted. 

Example data entry: 669.00 
Source: plans provided by community.  

CONDITION
(inflow)

Description of condition of inlet. 

Example data entry: blocked with sediment 
Source: observed in field.
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Table 7.1C: Database Attributes for Basin Outflow Information 

Data Attribute Description
BASIN OUTFLOW INFORMATION
OUTFLOWID Identification number assigned to basin outlet(s). 

Example data entry: 128 
Source:  assigned by consultant based on plans provided by 
community. Number and locations of outlets verified in field.  

DESCRIPTION
(outflow)

Description of basin outlet(s). 

Example data entry: 3.1” restrictor in 18” pipe 
Source: plans provided by community.  Verified in field. 

LOCATION
(outflow)

Description of outlet location. 

Example data entry: SE Corner 
Source: plans provided by community. Verified in field.  

DIAMETER
(outflow)

Diameter of outlet from basin or restricted orifice. 

Example data entry: 6 
Source: plans provided by community. Verified in field.  

MATERIAL 
(outflow)

Material of outlet from basin 

Example data entry: CMP 
Source: plans provided by community. Verified in field.  

ELEVATION 
(outflow)

Elevation of outlet from basin or as otherwise indicated. 

Example data entry: 705.9 
Source: plans provided by community; verified in field. 

CONDITION
(outflow)

Description of outlet condition. 

Example data entry: buried 
Source: observed in field. 
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Table 7.1D: Database Attributes for Basin Overflow Information 

Data Attribute Description
BASIN OVERFLOW INFORMATION
OVERFLOWID Identification number assigned to basin overflow structure. 

Example data entry: 1045 
Source:  assigned by consultant based on plans provided by 
community.  

DESCRIPTION
(overflow)

Description of basin overflow structure.  

Example data entry:  
Source: plans provided by community.  Verified in field. 

LOCATION
(overflow)

Description of overflow structure location. 

Example data entry: SE corner 
Source: Observed in field.  

ELEVATION 
(overflow)

Elevation of overflow structure or as otherwise noted. 

Example data entry: RIM 754.50 
Source: plans provided by community 

CONDITION
(overflow)

Description of condition of overflow structure.  

Example data entry: Bar grate off. 
Source: observed in field.
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Table 7.2: Abbreviations Commonly Used in Database 

Abbreviation Meaning/Definition

AB as-built (drawing) 
ABS acrylonitrile-butadiene-styrene (pipe) 
approx. approximately 
Arrowhd. arrowhead 
avg. average 
bot. bottom 
calc. calculated 
CB catch basin 
cfs cubic feet per second 
CI cast iron 
C/L centerline 
CMP corrugated metal pipe 
com. commercial 
conc. concrete 
const. construction 
Ct. Court 
Ctail cattail 
dia. diameter 
Dr. Drive 
d/s downstream 
Duckw. duckweed 
E East 
elev. elevation 
est. estimated 
ex. existing 
fert. fertilizer 
GIS Geographic Information System 
herb. herbicide 
ind. Industrial 
instit. institutional 
inv. invert 
Ln. Lane 
min. minimum 
n no 
N north 
N/A not available; or, not applicable  
NE northeast 
NW northwest 
OK all correct; or, all right  
perf. perforated 
pest. Pesticide 
P. Loosestrife Purple Loosestrife 
Purple L. Purple Loosestrife 
PVC polyvinyl chloride 
RCP reinforced concrete pipe 
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Abbreviation Meaning/Definition
Rd. Road 
rect. rectangular 
req’ts requirements 
res. residential  
rev. Revised (drawing) 
S south 
SE southeast 
spp. species 
SW southwest 
TOB top of bank 
Type A, B, C, D hydrologic soil groups 
VCP vitrified clay pipe 
veg. vegetation 
W west 
ws water surface 
y yes 
yr. year 

CVT (City, Village, and Township) Codes  
BFV Village of Bingham Farms 
BHV Village of Beverly Hills 
BLT Bloomfield Township 
RHC City of Rochester Hills 
SOC City of Southfield 
TRC City of Troy 
WBT West Bloomfield Township 
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PROJECT SUMMARY 

INTRODUCTION

The Rouge River Watershed is under pressure from urbanization, making it 
vulnerable to heavy loading of non-point source pollutants. One such pollutant is 
excessive sediment. Although sediment loading is a natural part of a river system, 
excessive loading can degrade fish and wildlife habitat, destroy wetlands, and reduce 
the recreational and aesthetic appeal of the river system. In addition, substances such 
as oils, salts, and nutrients can enter the system attached to sediment particles causing 
eutrophication and a general decrease in water quality in hydraulically connected 
lakes and ponds. 

The purpose of this project was to identify and prioritize stream bank erosion sites in 
the Rouge Main 1-2 Subwatershed (excluding the Franklin Branch) and to develop 
conceptual designs to address streambank erosion at priority sites in order to 
demonstrate how erosion problems can be mitigated. This project was completed 
under the direction of the Oakland County Drain Commissioner’s office and was 
supported by a USEPA grant under the Rouge River National Wet Weather 
Demonstration Project and by ten participating communities. The following 
communities participated in this study by committing time and resources:  

• Village of Beverly Hills 

• Village of Bingham Farms 

• City of Birmingham 

• City of Bloomfield Hills 

• Bloomfield Township 

• City of Farmington Hills 

• City of Rochester Hills 

• City of Southfield 

• City of Troy 

• West Bloomfield Township 

KEY PROJECT ELEMENTS 

This project involved three key elements: streambank erosion inventory; scoring, 
ranking, and prioritization of erosion sites; and development of conceptual designs for 
erosion mitigation. Each of these elements is briefly described below and presented in 
more detail in subsequent sections of this report. 

• Streambank Erosion Inventory – Approximately 90 miles of the Rouge 
River and its tributaries in the Main 1-2 subwatershed were inventoried in this 
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study. The inventory involved deployment of a two-person crew that traversed 
every mile of these waterways, by foot or by canoe. The crew recorded 
information on streambank condition using a standardized form, digitally 
photographed nearly every site where data were entered, and recorded the 
position of the field observations using global positioning system (GPS) 
technology. More than 2,200 reaches and individual erosion sites were 
inventoried in this manner. All data was compiled in an electronic database 
and a GIS interface was developed to allow participating communities to 
search and review the inventory data.

• Scoring, Ranking, and Prioritization – After completion of the inventory, 
each reach and erosion site was scored using a standardized system based on 
the type of information recorded in the inventory. Because of the urban nature 
of the study area, priority was given to sites where erosion posed a threat to 
public safety or infrastructure. However, because all data were compiled in an 
electronic database, in the future interested parties may rescore or reprioritize 
the sites using different criteria. 

• Conceptual Designs for Erosion Mitigation – After reviewing the results of 
the inventory and site ranking with the participating communities, twelve sites 
were selected for development of conceptual designs for erosion mitigation. 
The selected sites represent a range of erosion problems in the Main 1-2 
subwatershed and should be useful to the participating communities in the 
future. 

PRODUCTS AND DELIVERABLES 

This project yielded several deliverables that will be useful in addressing streambank 
erosion in the Rouge Main 1-2 subwatershed: 

• Electronic Database – The electronic database that was compiled from this 
project contains inventory data and identifies associated digital photographs of 
the sites. It is expected that this information will be useful to the participating 
communities as they continue to manage their respective portions of the 
Rouge River. 

• Data Viewer – The electronic data viewer enables interested parties to more 
easily review the inventory data using GIS technology. With the proper GIS 
platform, the user is able to view data and digital photography by using a 
simple “point-and-click” approach. 

• Project Report – The project report documents the inventory and will likely 
be a useful reference in the future, as work continues to address streambank 
erosion in the Main 1-2 subwatershed. In addition, it is hoped that the 
approach used here will inform similar inventory studies elsewhere. 



Rouge Main 1-2 Streambank Erosion Inventory Report December 2004 
   

Limno-Tech, Inc. 3

• Conceptual Designs – Conceptual designs were developed for 12 sites. These 
designs will not only help communities understand what can be done to 
mitigate erosion at those specific sites, but it is hoped that they will also 
demonstrate various approaches that might be applied elsewhere. 

REPORT ORGANIZATION 

Following this summary, this report is organized into three major sections: 

• Part 1 provides a detailed description of the Rouge Main 1-2 Streambank 
Erosion Inventory and Prioritization Project. 

• Part 2 contains community-specific summaries of the streambank inventory 
for each of the 10 participating communities. 

• Part 3 contains conceptual designs for 12 priority erosion sites. 
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PART I:
STREAMBANK EROSION INVENTORY AND SITE 

PRIORITIZATION SUMMARY REPORT 
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1. INTRODUCTION 
Part 1 of this report presents a summary of the Streambank Inventory and Site 
Prioritization for stream and river reaches in the Main 1-2 Subwatershed of the Rouge 
River. Limno-Tech, Inc. (LTI) conducted the inventory and prioritization in 2004.

Part I is organized into the following major sections: 

Section 1 Introduction 
Section 2 Inventory Scope 
Section 3 Inventory and Scoring Methodology 
Section 4 Inventory and Site Prioritization Results 

The following sections in this Introduction present a description of the project and the 
specific project objectives. 

1.1 PROJECT OVERVIEW 

As a requirement for voluntary stormwater permitting which preceded the Phase II 
stormwater program, the Main 1-2 Subwatershed Group developed the Main 1-2 
Rouge River Subwatershed Management Plan in 2001. One of the plan’s seven long-
term goals is to “minimize the amount of soil erosion and sedimentation” in the Main 
1-2 subwatershed. A specific short-term objective for this goal specified in the plan is 
to:

“Identify areas along the river with highly eroding banks and evaluate 
alternatives to address public and private sites contributing significant 
sediment to the river.” 

This goal was established because increased imperviousness due to urbanization of 
the subwatershed has led to flow variability and increased velocities in the Rouge 
River and its tributaries. These flow alterations have led to streambank erosion and 
sedimentation throughout the watershed. In addition to negatively affecting habitat, 
eroding streambanks can be safety hazards and cause loss of property.  

This project is designed to address the objective in the Subwatershed Management 
Plan. It was funded in part through a grant from U.S. Environmental Protection 
Agency as part of the Rouge River National Wet Weather Demonstration Project. The 
following participating partners contributed additional project funds: 

• Oakland County Drain Commissioner’s Office 
• Village of Beverly Hills 
• Village of Bingham Farms 
• City of Birmingham 
• City of Bloomfield Hills 
• Bloomfield Township 
• City of Farmington Hills 
• City of Rochester Hills 
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• City of Southfield 
• City of Troy 
• West Bloomfield Township 

1.2 PROJECT OBJECTIVES 

The purpose of this project is to identify and prioritize streambank erosion sites in the 
Rouge Main 1-2 Subwatershed. The results of the inventory and site prioritization 
will be used in later stages of the project to make recommendations that will 
incorporate best management practices to decrease sediment loading to the river. 

The specific objectives of the Streambank Inventory and Site Prioritization are as 
follows: 

• Inventory erosion conditions of stream and river reaches in the Main 1-2 
Subwatershed, including documenting sites with Global Positioning System 
(GPS) coordinates and photographs 

• Develop a database of inventory results linked to a Geographic Information 
System (GIS) for mapping purposes 

• Score and rank sites based on erosion severity

• Identify priority sites within each partner community for which conceptual 
streambank restoration designs will be developed 
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2. INVENTORY SCOPE 
The scope of the streambank inventory, including the process used to identify streams 
to be inventoried and the final study area, is described in this section. 

2.1 STREAM IDENTIFICATION AND SCREENING 

The Oakland County Drain Commissioner’s Office (OCDC) developed an initial 
estimate of the length of stream reaches to be inventoried for the project. This original 
estimate was based on U.S. EPA’s Reach File Version 3. Using updated hydrographic 
data from OCDC and the more detailed National Hydrography Dataset stream reach 
classification from U.S. EPA and U.S. Geological Society, LTI updated OCDC’s 
estimate.  

Maps of the proposed inventory reaches were provided to each community who then 
had an opportunity to revise the suggested inventory reaches. The final length of 
stream reaches for the inventory was 89.2 miles. Table 2-1 indicates the final stream 
miles inventoried in each of the partner communities in the Main 1-2 Subwatershed. 

Table 2-1: Length of Inventory Reaches in Each Partner Community 
Community Inventory Stream Length 

(miles)
Beverly Hills, Village of 3.7 
Bingham Farms, Village of 1.4 
Birmingham, City of 3.9 
Bloomfield Hills, City of 9.1 
Bloomfield Township 9.4 
Farmington Hills, City of 21.2 
Rochester Hills, City of 1.8 
Southfield, City of 28.1 
Troy, City of 6.4 
West Bloomfield Township 4.3 
Total Length 89.2 

2.2 FINAL STUDY AREA 

The Streambank Inventory study area, shown in Figure 2-1, is generally defined by 
on the north and west by the main stream of the Rouge River from its origin in the 
City of Rochester Hills and includes most of the major tributaries, with the exception 
of Franklin Branch, that enter the river north of Eleven Mile Road. The western 
extent is defined by the origin of Pebble Creek in Farmington Hills. Named tributaries 
in the study area include: Sprague Branch, Sunken Bridge Drain, Pebble Creek, and 
Pernick Creek.
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Figure 2-1: Study Area for the Rouge Main 1-2 Streambank Erosion Inventory 
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3. INVENTORY AND SCORING METHODOLOGY 
The methodology used for the stream inventory and site scoring used to prioritize 
sites based on their erosion severity are presented in this section. 

3.1 STREAMBANK INVENTORY METHODOLOGY 

This section describes the basis of the streambank inventory and the data collection 
methods for the inventory. 

3.1.1 Basis of Inventory 

The inventory system used for this project was based on the streambank inventory 
system developed for use in the Mitchell Creek, Au Sable River, and Clinton River 
watersheds in Northwest Michigan. Because of the highly developed conditions 
present in most of the Rouge Main 1-2 Subwatershed, additional information was 
added to the inventory regarding the presence of structures (outfalls, sewer crossings, 
roadway culverts, etc) and the potential impact of streambank erosion on those 
structures. In addition, information was added to record log jams present in the 
inventory reaches.

Based on the project-specific modifications, three different types of “sites” were 
recorded: 

• Reaches – lengths of stream where no structures were present 
• Stations – structure(s) present or severely eroding streambank locations 

(relative to other reaches in the vicinity) 
• Log jams 

The following categories of information were recorded for each station and reach: 

• Location
• Bank characteristics 
• Condition of bank
• Causes of erosion 
• Length of erosion 
• Structures present (if applicable) 

Figure 3-1 presents the detailed information collected at each station and reach. For 
log jams, locations (GPS coordinates) and extents (full or partial stream obstruction) 
were recorded throughout the study area. Digital photographs were taken at each 
reach, station, and log jam recorded. 
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Figure 3-1: Streambank Inventory Data Collection Form for Stations and 
Reaches
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3.1.2 Data Collection Method 
Inventory data was recorded in the field using a Trimble GeoXT submeter GPS unit 
with ArcPad. Streambank inventory data collection forms (see Figure 3-1) were 
created using the ArcPad software package and loaded onto the Trimble to allow for 
easy electronic recording of field data for stations, reaches, and log jams. The 
following GIS layers obtained from Oakland County and the partner municipalities 
were also included on the Trimble to help guide the field teams: 

• Municipal boundaries 
• Hydrography
• Storm and sanitary sewer network 
• Storm and sanitary sewer manholes and outfalls 
• Roads

Two-person LTI crews completed the streambank inventory using the Trimble GPS 
unit. Every mile of the study area was walked or canoed, logged, and photo-
documented. 

Where readily visible, each road crossing, outfall, sewer or water line crossing, and 
manhole shown in the GIS within the immediate vicinity of the streams in the study 
area was visually inspected and documented.  

The data collected in the field surveys was downloaded daily from the Trimble GPS 
unit. A relational database of site characteristics was created in MS Access, and 
recorded GPS site locations were imported into the project GIS. 

The results of the field survey of erosion sites are presented in Section 4. 

3.2 SITE SCORING METHODOLOGY 

In order to rank the severity of erosion at each of the recorded reaches and stations, a 
scoring system was developed to accompany the information collected in the 
inventory data collection forms. Table 2-1 shows the scores assigned to each possible 
characteristic selection on the inventory data form shown in Figure 3-1. Higher values 
indicate increased severity. Note that not all information collected at each site was 
assigned a score (such as locations, types of structure present, and notes).

For each site, individual scores were assigned to each field. The total site score was 
calculated as the sum of these individual scores.

The results of the site scoring and prioritization are described in Section 4. 
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Table 3-1: Site Scoring for Streambank Inventory Data Inventory and 
Prioritization Results 

Field Selection Score 

Location of Erosion Left bank 1 
  Right bank 1 
  Both banks 4 
Condition of Bank Streambank is stable 0 
  Toe is undercutting; upper bank is stable 1 
  Toe is stable; upper bank eroding 2 
  Toe and upper bank both eroding 3 
Condition Trend Stable - no apparent trend 1 
  Erosion severity decreasing 1 
  Erosion severity increasing 5 
Bank Vegetation 0% - 10% cover 1 
  10% - 50% cover 3 
  50% - 100% cover 5 
Primary Cause of Erosion Obstruction in river 1 
  Bend in river 2 
  Bank seepage 1 
  Gullying from side channels or outfall 2 
  Foot traffic 1 
  General erosion around structure 4 
  General erosion, no structure observed 3 
  Human encroachment (buildings, utilities, etc.) 5 
Bank Slope 4:1 or flatter 1 
  3:1 2 
  2:1 2 
  1:1 or steeper 5 
Bank Height 0 - 5 ft 1 
  5 - 10 ft 3 
  10 - 20 ft 5 
  20 - 50 ft 7 
  > 50 ft 10 
Length of Eroded Bank 0 - 20 ft. 1 
  20 - 50 ft. 3 
  >50 ft. 5 
Soil Texture Clay 1 
  Loam 1 
  Silt 2 
  Stratified 2 
  Gravel 3 
  Sand 3 
Structures No critical structure present 0 
  Some erosion, but no imminent danger 5 
  Erosion near structure, future potential danger 10 
  Structure exposed by erosion or other imminent danger 20 
  Structure failed due to erosion 30 
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4. INVENTORY AND SITE PRIORITIZATION RESULTS 
A summary of inventory field observations, site scoring results, and the most severe 
erosion sites resulting from the site prioritization are presented in this section.

4.1 INVENTORY SUMMARY 

LTI completed the field data collection for the streambank inventory in the Rouge 
Main 1-2 Subwatershed between March 19 and May 18, 2004. The streambank 
inventory covered 89.2 miles, and streambank conditions were logged and photo-
documented for more than 2,200 stations and reaches and almost 600 log jams.  

Table 4-1 presents the miles of streams inventoried, as well as the number of reaches, 
stations, and log jams recorded, sorted by participating community.  Figure 4-1 shows 
the location of these sites within in the study area. 

Table 4-1: Distribution of Streambank Inventory Among Participating 
Communities

Community Mileage of 
Streams & 

Rivers 
Inventoried 

No. of 
Reaches 

No. of 
Stations

No. of Log 
Jams

Beverly Hills, Village of 3.7 47 35 22 
Bingham Farms, Village of 1.4 13 6 12 
Birmingham, City of 3.9 58 59 22 
Bloomfield Hills, City of 9.1 101 121 0 
Bloomfield Township 9.4 98 126 10 
Farmington Hills, City of 21.2 274 397 213 
Rochester Hills, City of 1.8 11 20 1 
Southfield, City of 28.1 275 327 276 
Troy, City of 6.4 55 69 3 
West Bloomfield Township 4.3 57 77 34 
Total 89.2 989 1237 593 
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Figure 4-1: Reaches, Stations, and Log Jams Recorded in the Streambank 
Inventory



Rouge Main 1-2 Streambank Erosion Inventory Report December 2004 
   

Limno-Tech, Inc. 15

4.2 SITE SCORING SUMMARY 

The site scoring system described in Section 3.2 was applied to the database of field 
observations collected during the streambank inventory. As mentioned above, over 
2,200 stations and reaches were logged in the field. Figure 4-2 shows the distribution 
of scores for these sites. The lowest (least severe) site score was 7, and the highest 
(most severe) site score was 68.  
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Figure 4-2: Distribution of Streambank Erosion Site Scores for the Rouge Main 
1-2 Subwatershed Study Area  

As indicated in Figure 4-2, there are 231 sites with scores higher than 35, and there is 
no clear break in the distribution of scores between “severe” and “not severe” in this 
group of high scoring sites. Table 4-2 presents a summary of site scores by partner 
community.
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Table 4-2: Summary Statistics of Site Scores by Partner Community 
Station and Reach Scores Community 

Average Minimum Maximum 
No. Sites 

Beverly Hills, Village of 28 13 65 82 
Bingham Farms, Village of 21 15 43 19 
Birmingham, City of 27 11 63 117 
Bloomfield Hills, City of 25 11 60 222 
Bloomfield Township 22 10 59 224 
Farmington Hills, City of 26 11 65 671 
Rochester Hills, City of 22 15 40 31 
Southfield, City of 30 9 68 602 
Troy, City of 23 7 60 124 
West Bloomfield Township 21 10 48 134 
Total 26 7 68 2226 

4.3 MOST SEVERE SITES 

The scoring results presented in Section 4.2 were examined in detail to identify a 
convenient and logical place to separate “severe” from “not severe” sites, but no clear 
dividing point was apparent due to the prevalence of high-scoring sites that have 
failed and failing or imminently failing structures. Based on this outcome, an alternate 
approach for identifying severe sites was used.

Upon inspection of the highest-scoring sites, it was apparent that relative comparisons 
of erosion severity required some judgment, and that input from the OCDC and the 
participating communities would be important to insure appropriate prioritization of 
sites. To organize the highest-ranking sites, the sites were sorted in ascending order 
and a cut-off was made at the lowest scoring site that had been logged with the 
description “Structure Exposed by Erosion or Other Immediate Danger”. This cut-off 
resulted in 177 sites that were deemed most severe because of failing, imminently 
failing, or failed structures. A map showing the location of these 177 sites in the 
Rouge Main 1-2 Subwatershed study area is presented in Figure 4-3. 
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Figure 4-3: Locations of Severe Sites in the Rouge Main 1-2 Subwatershed Study 
Area

To clearly present information on the most severe sites of streambank erosion to 
OCDC and the participating communities, the 177 most severe sites were divided into 
the following five categories: 

• No critical structure present: 25 sites 
• Some erosion at structure, no imminent danger: 6 sites 
• Erosion near structure, future potential exposure: 1 site 
• Structure exposed by erosion or other imminent danger: 82 sites 
• Structure failed due to erosion: 63 sites 
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Table 4-3 summarizes the number of sites in each of the five categories by partner 
community.

Table 4-3: Distribution of the Severe (Highest Scoring) Streambank Erosion 
Sites by Partner Community 

Community No
critical

structure 
present 

Some
erosion

at
structure, 

no
imminent
danger

Erosion
near

structure, 
future 

potential 
exposure 

Structure
exposed 

by 
erosion
or other 

imminent
danger

Structure
failed
due to 

erosion

Beverly Hills, Village of 4 0 0 2 2 
Bingham Farms, Village of 0 0 0 0 1 
Birmingham, City of 0 3 0 3 3 
Bloomfield Hills, City of 0 0 0 10 7 
Bloomfield Township 0 0 0 2 2 
Farmington Hills, City of 4 0 1 33 18 
Rochester Hills, City of 0 0 0 0 0 
Southfield, City of 17 3 0 29 26 
Troy, City of 0 0 0 2 3 
West Bloomfield Township 0 0 0 1 1 

Each partner community was provided with a summary of the highest scoring 
(“severe”) sites in their jurisdiction. The process for selection of priority sites for 
development of conceptual site restoration designs is described in Section 5. 
Community-specific summaries are provided in Part II of this report. 

4.4 DATA VIEWER FOR INVENTORY RESULTS 

LTI developed a data viewing application in ArcGIS that allows partner communities 
to view the results of the Streambank Inventory and Site Prioritization.

The Rouge River data viewer tool, shown in Figure 4-4, consists of an ArcGIS 
ArcMap document with associated code written in Visual Basic for applications. The 
data viewer allows the user to interactively select a station and/or reach from a list or 
from the map and display site characteristics documented in the field and site scores.  
In addition, the viewer allows the user to view photograph thumbnails associated with 
a selected site and optionally generate a full-size view of each photograph.  

The following sections describe the options for selecting reaches and stations and the 
functionality available on the viewer’s data display form. 
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Figure 4-4:  Rouge Main 1-2 Subwatershed Streambank Inventory Viewer Base 
Map and Toolbar 

4.4.1 Selection of Station and Reach Features  

The data viewer provides two options for selecting and displaying the data display 
form for one or multiple site ID numbers. The first option allows the user to display 
site features by selecting specific site IDs from a pull-down list. The second option 
for displaying site information allows the user interactively select one or more 
reach/station sites from the viewer map. 

4.4.2 Feature Data Display Form 

As described in the previous section, the data display for a feature can be created 
using one of two options – selection of a site from a pull-down list or interactive 
selection on the map itself. The data display form shows the site characteristics for 
the selected site recorded in the field during the streambank inventory and the site 
score resulting from the site prioritization, as shown in Figure 4-5.  In addition, the 
display form shows “thumbnails” of any available photographs for the selected 
feature.
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Figure 4-5: Feature Data Display Interface 

Clicking on a thumbnail will generate a full-size view of the photograph and provide 
the option to scroll through the other photos associated with the selected feature, as 
shown in the example in Figure 4-6.   

Figure 4-6: Full-Size View of Photograph for Selected Feature 
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5. PRIORITY SITES FOR CONCEPTUAL DESIGNS 
One goal of the streambank inventory and prioritization was to identify sites for 
development of conceptual designs to mitigate streambank erosion. This section 
describes the process used for selection of these priority sites and presents the final 
list of priority sites for which designs were developed.  

5.1 PROCESS FOR SELECTION 

Information on the severe sites within each individual community (described in 
Section 4) was provided to each of the partner communities. The communities were 
requested to review the information and provide LTI a list of the sites for which they 
wish to have conceptual restoration designs developed. 

Each partner community was provided the following information on the severe sites 
within their jurisdiction: 

• A map of the community showing the location of the highest scoring 
streambank erosion inventory sites 

• A summary table of the highest scoring streambank erosion inventory sites in 
the community, including site location, inventory score, and notes on the site 

• Photographs of each of the highest scoring streambank erosion inventory 
sites

Community input on final priority site selection was critical, because of the 
possibility of a number of factors that could exclude the sites from being of interest. 
These factors include (but are not limited to) the following: 

• Private ownership/lack of jurisdiction to implement mitigation/repair 
• Identified structure is abandoned or obsolete and, therefore, no longer of 

interest 
• Site is part of another project and does not need to be addressed by this 

project

The final list of priority sites selected by the partner communities in this process is 
presented in the next section. 

5.2 FINAL PRIORITY SITES 

Feedback from the participating communities regarding conceptual designs was 
compiled and indicated that four of the communities were interested in conceptual 
designs for sites in their communities. LTI reviewed the priority sites in those 
communities and recommended 12 sites representing a variety of streambank erosion 
conditions.

Table 5-1 summarizes the number of priority sites identified for each community and 
the location of the final 12 sites for conceptual design development. Locations of the 
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specific sites requested are shown in Figure 5-1.  Conceptual designs for these 12 
sites are presented in Part 3 of this report. 

Table 5-1: Summary of Priority Sites for Conceptual Design  
Community Number of 

‘Severe’ 
Streambank 

Erosion Sites 

Conceptual 
Designs  

Beverly Hills, Village of 8 0 
Bingham Farms, Village of 1 1 
Birmingham, City of 9 0 
Bloomfield Hills, City of 17 0 
Bloomfield Township 5 0 
Farmington Hills, City of 56 4 
Rochester Hills, City of 0 0 
Southfield, City of 75 5 
Troy, City of 4 2 
West Bloomfield Township 2 0 
Total 177 12 
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Figure 5-1: Locations of Priority Sites for Conceptual Streambank Restoration 
Designs Requested by Partner Communities)
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PART II:
COMMUNITY SPECIFIC SUMMARIES 
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PART III: 
CONCEPTUAL DESIGNS 
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INTRODUCTION

This section presents conceptual streambank stabilization designs for 12 sites, as 
identified in Section 5 of Part I of this report. These conceptual designs are intended 
to illustrate methods for mitigating the variety of streambank erosion problems that 
are present in the Rouge Main 1-2 subwatershed and to provide some idea as to the 
cost of streambank stabilization. 

HYDRAULIC ANALYSIS 

Streambank stabilization design requires a thorough understanding of stream 
hydraulics at the project site. Velocities and shear stresses under design flow 
conditions are a primary consideration in selecting appropriate stabilization measures; 
typically, bioengineering stabilization methods can be used for design velocities 
under 8 feet per second (fps), while design velocities greater than 8 fps require hard 
armoring (Fischenich, 2001). In addition, flow depth under design conditions is a key 
aspect of stabilization design. 

After selecting the 12 sites for conceptual design, a hydraulic analysis was conducted 
to estimate design flow velocity, shear stress, and depth of flow. The original intent of 
the study was to use existing hydraulic models from Federal Emergency Management 
Agency (FEMA) flood studies to generate these parameters, but by the time the final 
sites were selected and approved, the project schedule did not provide sufficient time 
to obtain the computer models. The FEMA reports were, however, obtained. 

In lieu of hydraulic modeling, engineering calculations were performed assuming 
uniform flow (i.e. Manning’s equation). First, flows were obtained from the Michigan 
Department of Environmental Quality (MDEQ) Hydrologic Studies Unit for five of 
the 12 sites. Flows at the other sites were estimated from the MDEQ flows using the 
drainage area ratio method. This was done because the sites were either very close to 
other sites, or they had drainage areas that were below the MDEQ estimation 
threshold (2 square miles). Flow estimates were generated for the 2-year, 10-year, 50-
year, and 100-year events. These estimates are summarized in Table 1. 
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Table 1: Flow Estimates for Conceptual Design Sites 

Channel slopes were measured from USGS topographic maps and Manning’s 
roughness coefficients were obtained from FEMA reports (FEMA, 1979, 1988, 
1999). In all cases, a range of roughness coefficients was presented for the reached in 
question, so the sites were compared to photographs in a standard USGS reference 
(Barnes, 1967) to determine a reasonable single value. With these values, a 
rearranged form of Manning’s equation was used as follows: 

3
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2
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where:

Q = design flow 

n = roughness coefficient 

S = channel slope 

A = cross-sectional area of flow at design condition 

R = hydraulic radius of flow at design condition 

For conceptual design purposes, the 10-year flow event was chosen. Although 
channel-forming discharge is much closer to the 2-year recurrence interval in most 
cases, it is expected that capital improvement project with a 2-year design life would 
be unacceptable. Using the 10-year flow, channel slope, and roughness coefficient, 
the value on the left side of the equation was calculated. The surveyed channel 
section at each site was then used to develop equations to describe A and P as 
functions of depth. Substituting these relationships in the rearranged Manning’s 

Site No.
2-yr 10-yr 50-yr 100-yr

10652 74 225 452 578
20154 477 845 1,193 1,392
20156 480 850 1,200 1,400
20562 89 111 223 285
20646 39 145 44 177
20774 146 547 166 669
20776 148 557 169 681
20825 6 18 36 46
20893 4 11 23 29
21051 120 380 800 1,000
21112 240 900 274 1,100
21159 700 2,140 4,300 5,500

Design flow (cfs)
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equation, the equation could be iteratively solved to determine the appropriate flow 
depth.

Once the flow depth was determined, the cross-sectional area of flow and the 
hydraulic radius were used to calculate average flow velocity (V) and shear stress (τ)
under design conditions using the following equations: 

A
QV =

and

RSγ=τ

where γ = specific weight of water (62.4 lbs/ft3)

The hydraulic parameter estimates for each site are provided with each conceptual 
design.

In one case (Site No. 20825, Bingham Farms), the flow channel was so small and 
poorly defined that usable depth/area and depth/hydraulic radius relationships could 
not be developed. Given the small drainage area, however, it is likely safe to assume 
that flows and velocities do not exceed the threshold for the use of bioengineering 
measures.  

At another location (Site No. 20154), even the 2-year event was predicted to overtop 
the channel banks and enter the floodplain. This may be the actual condition but it 
cannot be verified with the available information. It is also possible that the channel 
slope is actually steeper than it appears on the topographic map or the roughness 
coefficient is actually lower than believed, either of which could significantly effect 
the calculation of flow depth. In lieu of using the iterative solution described above 
for this site, Manning’s equation was used to determine the flow that completely fills 
the channel. Hydraulic parameters under this condition were used for the stabilization 
design.

It should be noted that the hydraulic analysis presented here was only intended as a 
preliminary analysis to support conceptual design. Final site designs for streambank 
stabilization should be supported by a complete site survey and thorough hydraulic 
analysis, including computer modeling to evaluate upstream impacts if necessary. 

COST ESTIMATES 

Cost estimates are provided for the streambank stabilization measures recommended 
in each conceptual design. These cost estimates were developed using unit costs from 
current technical references and quantity estimates based on site inspection. The unit 
costs used herein are summarized in Table 2. 
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Table 2: Unit Costs for Streambank Stabilization Measures

It should be noted that these unit costs represent total installed costs, which includes 
materials, labor and equipment. Stabilization measures will typically be less 
expensive if installed by municipal crews and more expensive if installed by private 
contractors. Furthermore, these costs do not include other project costs such as 
engineering design, permitting, easements, service procurement, ancillary 
construction costs, and project management. 

USE OF CONCEPTUAL DESIGNS 

The conceptual designs presented in this report are intended to illustrate how a variety 
of streambank erosion problems can be mitigated and to demonstrate the application 
of various stabilization measures. The conceptual designs are not intended to support 
project construction; in all cases additional data and analysis are required to complete 
a final design. Finally, it should be recognized that, in some cases, multiple 
stabilization techniques may be applicable and the conceptual designs presented here 
are not the only possible mitigation design. 
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Site No. 10649-10652 (Evans Drain, Southfield)

Problem Description 
Site No. 10649-10652 consists of a relatively long reach of Evans Drain in the City of 
Southfield between Nine Mile and Ten Mile Roads. The site was originally logged as 
four separate reaches, due to varying channel characteristics. In review, however, it was 
determined that similar erosion problems exist throughout the area and form one long 
area of concern. The site is approximately 1,435 feet long. The attached figure shows a 
plan view of the site area, as well as site photographs depicting the erosion problem.  

Banks on both sides of the channel in this site, which reach heights from five to ten feet  
above the channel bottom, are eroding. Erosion typically starts at the toe of the bank and 
extends up the bank three to five feet. This reach is potentially one of the most significant 
bank erosion areas in the Rouge Main 1-2 subwatershed, in terms of sediment loading. 
The deeply incised nature of the channel in many places is likely attributable to the fine 
silt and clay soils. Land use in the vicinity of the site is primarily commercial/corporate. 
The site is depicted in Figure 1. 

Figure 1. Bank Erosion at Site No. 10649-10652.



Rouge Main 1-2 Streambank Erosion Inventory Report
Conceptual Site Design: Site No. 10649-10652 
   

Limno-Tech, Inc. 2

Hydraulic Conditions for Design 
A typical cross-section of the problem area is depicted in Figure 2. It should be noted, 
however, that the channel cross-section throughout the reach varies considerably. 
Hydraulic parameters and conditions under the design flow (10-year flow event) were 
determined, as described in the beginning of Part III of this report and area summarized 
for this site in Table 1. 

Figure 2. Typical Channel Cross-Section. 

Hydraulic Parameter or 
Design Condition 

Site Value 

10-yr flow (cfs) 2140 

Channel slope (ft/ft) 0.001 

Roughness coefficient 0.03 

Depth, center (ft) 5.9 

Velocity, ave. (ft/sec) 14.8 

Shear stress, ave. (lb/ft2) 0.2 

Table 1. Hydraulic Design Conditions for Site No. 10649-10652. 
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Recommended Stabilization Design 
The preliminary hydraulic analysis conducted in support of conceptual design indicates 
that the 10-year flow will have an average velocity of 14.8 ft/sec, which exceeds the 
threshold for bioengineering methods (8 ft/sec). However, this is an extremely high 
velocity, calling into question the applicability of the simple analysis Mannings 
calculation for this site.   

If the velocity is really as high as indicated under design conditions, channel armoring 
would be required to stabilize the banks and it is likely that relatively large stone sizes 
would be necessary. Given the detrimental ecological impact of armoring more than 1400 
feet of channel, other options should be considered. 

Assuming the hydraulic analysis accurately reflects site conditions, the recommended 
stabilization design for this site includes the following elements: 

Regrading of the banks to reduce their slope from nearly vertical to approximately 
2:1.

Installation of riprap armoring, sized to withstand the erosive force of the design 
flow.

Installation of joint planting in the riprap, using live stakes. Joint planting of 
riprap is illustrated in Figure 3. 

Figure 3. Typical Design for Joint Planting of Riprap (Source: USFS, 2002). 
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Estimated Stabilization Costs 
The estimated costs for the bank stabilization measures described above are summarized 
below.

Item Unit Unit 
Cost

Qty. Subtotal 

Earthwork c.y. $15 5400 $81,000 

Riprap ton $20 1800 $36,000 

Joint plantings ea. $3 15,000 $45,000 

   Total: $165,000 

The quantities listed above are estimates only, for conceptual purposes, and may vary 
with final design. Actual costs will depend on material availability and market pricing. It 
should be noted that these costs do not include all project costs. Other project costs will 
include, but are not necessarily limited to, the following: engineering design (including 
thorough hydraulic analysis), permitting, easements, contractor procurement, site access 
& preparation, and project management.  

Because of the unusually high velocities predicted by the preliminary hydraulic analysis, 
a detailed hydraulic analysis should be conducted before final design. If the velocities 
under design conditions are as high as predicted by the preliminary analysis, it may be 
possible to reduce stormwater flows through the reach by way of upstream hydrologic 
controls. This should be evaluated in conjunction with the hydraulic analysis. 
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Site No. 20154 (Rouge River, Troy)

Problem Description 
Site No. 20154 is located on the Rouge River in Troy, immediately downstream from a 
grade control structure. One major erosion problem exists at this site. There is a bend in 
the river immediately downstream of the grade control structure and a stormwater outfall 
has been placed in the middle of the bend, leading to severe bank erosion adjacent to the 
outfall. The entire end section of the concrete outfall is exposed.

The attached figure shows a plan view of the site area, as well as site photographs 
depicting the erosion problem. The site is located in a residential area and is depicted in 
Figure 1. 

Figure 1. Bank Erosion Immediately Downstream of Exposed Stormwater Outfall at Site 
No. 20154.
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Hydraulic Conditions for Design 
A typical cross-section of the problem area is depicted in Figure 2. Hydraulic parameters 
and conditions under the design flow (10-year flow event) were determined, as described 
in the beginning of Part III of this report and area summarized for this site in Table 1. 

Figure 2. Typical Channel Cross-Section. 

Hydraulic Parameter or 
Design Condition 

Site Value 

Channel-full flow (cfs) 200 

Channel slope (ft/ft) 0.0011 

Roughness coefficient 0.025 

Depth, center (ft) 4.5 

Velocity, ave. (ft/sec) 1.8 

Shear stress, ave. (lb/ft2) 0.1 

Table 1. Hydraulic Design Conditions for Site No. 20154. 
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Recommended Stabilization Design 
The velocity estimated by the preliminary hydraulic analysis (1.8 ft/sec) is well within the 
range for bioengineering methods, therefore hard armoring of the banks would not 
normally be necessary. However, the presence of the stormwater outfall structure is 
apparently causing turbulence and recirculation within the river, leading to excessive 
erosion around the structure. For this reason, riprap armoring of the banks adjacent to the 
outfall is recommended, following removal of the exposed concrete pipe end section. 
Replacement of the concrete wing wall may not be necessary if riprap is properly 
designed.

Eroded banks elsewhere in the vicinity can be stabilized using bioengineering techniques, 
but a thorough hydraulic analysis should be conducted prior to final design because the 
rapidly changing channel geometry (alignment and width) brings into question the 
validity of Manning’s equation for this site.

Assuming that bioengineering methods are feasible for this site, the recommended 
stabilization design for this site includes the following elements: 

Backfilling and grading of eroded bank immediately downstream from outfall for 
a distance of 32 feet.

Regrading of banks downstream of filled area (20’ further) and upstream of 
outfall (20’).  

Riprap armoring of the bank surrounding the outfall for 4’ upstream and 8’ 
downstream.

Toe protection using coir logs or soil-filled geotubes outside of riprap area (20’ in  
downstream direction, 20’ in upstream direction). 

Erosion control blanket coverage of regraded banks for short-term stability until 
vegetative growth matures, except where riprap is placed. 

Seeding and live stake placement to promote vegetative growth. 
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Figure 3. Typical Design for Coir Fiber Log for Toe Protection (Source: USFS, 2002). 

Figure 4. Typical Design for Live Stakes with Erosion Control Blanket for Streambank 
Protection (Source: NRCS, 1996). 
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Although Figure 4 shows stone toe protection, this is not necessary for Site No. 20154, 
unless indicated by further hydraulic analysis. As described above, riprap armoring of the 
banks adjacent to the stormwater outfall is recommended. 

Estimated Stabilization Costs 
The estimated costs for the bank stabilization measures described above are summarized 
below.

Item Unit Unit 
Cost

Qty. Subtotal 

Earthwork c.y. $15 97 $1,455 

Riprap ton $20 10 $200 

Coir log l.f. $25 60 $1,500 

Erosion control 
blanket

s.y. $2.50 40 $100 

Live stakes ea. $2.50 360 $900 

   Total: $4,155 

The quantities listed above are estimates only, for conceptual purposes, and may vary 
with final design. It should be noted that these costs do not include all project costs. Other 
project costs will include, but are not necessarily limited to, the following: engineering 
design (including thorough hydraulic analysis), permitting, easements, contractor 
procurement, site access & preparation, and project management. 
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Site No. 20156 (Rouge River, Troy)

Problem Description 
Site No. 20156 is located on the Rouge River in Troy, several hundred feet upstream 
from Beach Road. One major erosion problem exists at this site. A stormwater outfall 
was constructed with the outlet pointing in a downstream direction, which has caused 
bank erosion downstream from the outfall. Streambanks elsewhere in the vicinity of this 
site exhibit only slight erosion. 

The attached figure shows a plan view of the site area, as well as site photographs 
depicting the erosion problem. The site is located in a residential area and is depicted in 
Figure 1. 

Figure 1. Bank Erosion Immediately Downstream of Exposed Stormwater Outfall at Site 
No. 20156.
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Hydraulic Conditions for Design 
A typical cross-section of the problem area is depicted in Figure 2. Hydraulic parameters 
and conditions under the design flow (10-year flow event) were determined, as described 
in the beginning of Part III of this report and area summarized for this site in Table 1. 

Figure 2. Typical Channel Cross-Section. 

Hydraulic Parameter or 
Design Condition 

Site Value 

10-yr flow (cfs) 850 

Channel slope (ft/ft) 0.0011 

Roughness coefficient 0.03 

Depth, center (ft) 6.4 

Velocity, ave. (ft/sec) 4.1 

Shear stress, ave. (lb/ft2) 0.3 

Table 1. Hydraulic Design Conditions for Site No. 20156. 

Site 20156 Typical Cross-Section
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Recommended Stabilization Design 
The velocity estimated by the preliminary hydraulic analysis (1.8 ft/sec) is well within the 
range for bioengineering methods, therefore hard armoring of the banks would not 
normally be necessary. However, it is apparent that the major bank erosion problem is not 
caused by ambient flow, but by stormwater discharging from the outfall. Because there is 
insufficient information to estimate this flow, the recommended stabilization design 
assumes that velocities can exceed eight feet per second and that hard armoring of the 
bank is necessary. Site inspection indicates that a concrete sack revetment was used in the 
past to stabilize a portion of the bank located approximately 20 to 25 feet downstream of 
the outfall, but the area between this concrete revetment and the outfall is unprotected 
and is eroding.

The recommended stabilization design for this site includes the following elements: 

Regrading of the downstream bank, including eroded portion, portion with 
concrete sack revetment, and 10 feet beyond concrete sack revetment 
(approximately 45’ feet total).  

Riprap armoring of the bank from toe to top of bank, 5’ upstream and 45’ 
downstream.

Estimated Stabilization Costs 
The estimated costs for the bank stabilization measures described above are summarized 
below.

Item Unit Unit 
Cost

Qty. Subtotal 

Earthwork  c.y. $15 45 $675 

Riprap ton $20 31 $620 

   Total: $1,295 

The quantities listed above are estimates only, for conceptual purposes, and may vary 
with final design. It should be noted that these costs do not include all project costs. Other 
project costs will include, but are not necessarily limited to, the following: engineering 
design (including thorough hydraulic analysis), permitting, easements, contractor 
procurement, site access & preparation, and project management. 



KI
N

G
SB

U
R

Y

WENTWORTHAVE

BEACH RD

Li
m

no
-T

ec
h,

In
c.

A
nn

A
rb

or
,M

ic
hi

ga
n

0
50

10
0 ft

RSW22Nov2004s:\rouge12\gis\intft96adj\maps\conceptual20156.mxd

Co
nc

re
te

sto
rm

ou
tfa

ll
dir

ec
ted

at
do

wn
str

ea
m

an
gle

is
er

od
ing

ba
nk

.

RO
UG

E
MA

IN
1-

2W
AT

ER
SH

ED
ST

RE
AM

BA
NK

ER
OS

IO
N

IN
VE

NT
OR

Y
20

04

S
ite

20
15

6
Tr

oy
,M

ic
hi

ga
n

R
iv

er
R

ou
ge

S
H

E
E
T

1

P
R

O
B

LE
M

D
E
S
C

R
IP

TI
O

N



Rouge Main 1-2 Streambank Erosion Inventory Report
Conceptual Site Design: Site No. 20562 
   

Limno-Tech, Inc. 1

Site No. 20562 (Pebble Creek, Farmington Hills)

Problem Description 
Site No. 20562 is located on Pebble Creek in the City of Farmington Hills, immediately 
east of Danvers Drive and north of Twelve Mile Road. Sheet 1 shows a plan view of the 
site area, as well as site photographs depicting the erosion problem. The north 
streambank downstream of the 7’ CMP culvert under Danvers Drive is eroded, as are the 
embankments immediately adjacent to the culvert. It appears that poured concrete was 
used in an attempt to stabilize part of the northern embankment in the past, but the 
concrete has failed and large pieces now lie in the creek. The creek meanders 
downstream of the culvert and approximately 130’ of the northern bank is currently 
eroded to a steep face. 

An impoundment exists upstream of the culvert with a vertical spillway immediately 
upstream of the culvert. The impoundment is currently almost filled with sediment and 
has a standing water depth of approximately one foot. In this condition, the impoundment 
can provide little storm flow attenuation and likely contributes to excessive velocities 
downstream.

Figure 1. Bank Erosion at Site No. 20562.
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Hydraulic Conditions for Design 
A typical cross-section of the problem area is depicted in Figure 2. Hydraulic parameters 
and conditions under the design flow (10-year flow event) were determined, as described 
in the beginning of Part III of this report and area summarized for this site in Table 1. 

Figure 2. Typical Channel Cross-Section. 

Hydraulic Parameter or 
Design Condition 

Site Value 

10-yr flow (cfs) 111 

Channel slope (ft/ft) 0.0045 

Roughness coefficient 0.03 

Depth, center (ft) 1.9 

Velocity, ave. (ft/sec) 2.9 

Shear stress, ave. (lb/ft2) 0.4 

Table 1. Hydraulic Design Conditions for Site No. 20562. 

Recommended Stabilization Design 
The estimated velocity for the 10-year design event flow for this site is only 2.9 cfs, 
therefore bioengineering methods will be feasible at this site. Because of the potential 
threat to the stability of the Danvers Drive crossing, riprap armoring of the embankments 
adjacent to the culvert is recommended. 

The recommended stabilization design for this site includes the following elements: 

Site 20562 Typical Cross-Section
(looking upstream, dashed line indicates water surface at time of survey)
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Riprap stabilization of the embankments immediately adjacent to the Danvers 
Drive culvert. 

Regrading of approximately 130 l.f. of the northern streambank to a slope of 2:1 
or less. 

Toe stabilization with coir logs (or soil-filled geotubes). 

Riprap for end protection of coir logs. 

Brushlayering on the upper banks (above the toe protection) with live stakes.

Figure 3. Typical Brushlayering Details (Source: NRCS, 1996). 
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Estimated Stabilization Costs 
The estimated costs for the bank stabilization measures described above are summarized 
below.

Item Unit Unit 
Cost

Qty. Subtotal 

Riprap (embankment) ton $20 20 $400 

Earthwork c.y. $15 300 $4,500 

Coir logs l.f. $25 130 $3,250 

Brushlayering ft2 $4 1040 $4,160 

Riprap (end protection) ton $20 3 $60 

   Total: $12,370 

The quantities listed above are estimates only, for conceptual purposes, and may vary 
with final design. It should be noted that these costs do not include all project costs. Other 
project costs will include, but are not necessarily limited to, the following: engineering 
design (including thorough hydraulic analysis), permitting, easements, contractor 
procurement, site access & preparation, and project management. 
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Site No. 20646 (Trib. A - Main Ravines Drain, Farmington Hills)

Problem Description 
Site No. 20646 is located on Tributary A of the Main Ravines Drain in Farmington Hills. 
The attached figure shows a plan view of the site area, as well as site photographs 
depicting the erosion problem. A stormwater outfall was constructed with the outlet 
pointing in a downstream direction, which has caused bank erosion downstream from the 
outfall. Streambanks elsewhere in the vicinity of this site exhibit only slight erosion. The 
site is depicted in Figure 1. 

Figure 1. Bank Erosion Downstream of Stormwater Outfall at Site No. 20646 (Photo taken 
looking downstream).

Hydraulic Conditions for Design 
A typical cross-section of the problem area is depicted in Figure 2. Hydraulic parameters 
and conditions under the design flow (10-year flow event) were determined, as described 
in the beginning of Part III of this report and area summarized for this site in Table 1. 
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Figure 2. Typical Channel Cross-Section.

Hydraulic Parameter or 
Design Condition 

Site Value 

10-yr flow (cfs) 44 

Channel slope (ft/ft) 0.0072 

Roughness coefficient 0.03 

Depth, center (ft) 1.7 

Velocity, ave. (ft/sec) 3.1 

Shear stress, ave. (lb/ft2) 0.5 

Table 1. Hydraulic Design Conditions for Site No. 20646. 

Recommended Stabilization Design 
The velocity estimated by the preliminary hydraulic analysis (3.1 ft/sec) is within the 
range for bioengineering methods (i.e. less than 8 ft/sec), therefore hard armoring of the 
banks would not normally be necessary. However, it is apparent that the major bank 
erosion problem is not caused by ambient flow, but by stormwater discharging from the 
outfall. Because there is insufficient information to estimate this flow (and velocity), the 
recommended stabilization design assumes that velocities can exceed 8 ft/sec and that 
armoring of the bank is necessary.  

The recommended stabilization design for this site includes the following elements: 

Regrading of the banks to provide a clean base for gabions. This will require 
clearing of brush and small trees, but is unavoidable given space constraints. 

Site 20646 Typical Cross-Section
(looking upstream, dashed line indicates water surface at time of survey)
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Installation of stone-filled gabions to protect the bank downstream of the outfall.  

Estimated Stabilization Costs 
The estimated costs for the bank stabilization measures described above are summarized 
below.

Item Unit Unit 
Cost

Qty. Subtotal 

Earthwork c.y. $15 30 $450 

Gabions c.y. $300 7 $2,100 

   Total: $2,550 

The quantities listed above are estimates only, for conceptual purposes, and may vary 
with final design. Actual costs will depend on material availability and market pricing. It 
should be noted that these costs do not include all project costs. Other project costs will 
include, but are not necessarily limited to, the following: engineering design (including 
thorough hydraulic analysis), permitting, easements, contractor procurement, site access 
& preparation, and project management.  
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Site No. 20774 (Main Ravines Drain, Farmington Hills)

Problem Description 
Site No. 20774 is located on the Main Ravines Drain in the City of Farmington Hills. The 
site is a relatively high, steep slope adjacent to a residential area. The attached figure 
shows a plan view of the site area, as well as site photographs depicting the erosion 
problem.  

A slope failure area measuring approximately 25’ high and 50’ wide at the base has 
developed on the south side of the stream channel. The cause of the failure cannot be 
determined without further investigation, but it appears to be a combination of toe erosion 
(the failure is on the outside of a mild bend), a steep slope, and disposal of wood and 
concrete debris at the top of the slope. Accumulated debris at the base of the slope 
appears to be providing some temporary toe protection. The site is depicted in Figure 1. 

Figure 1. Bank Erosion at Site No. 20774.

Hydraulic Conditions for Design 
A typical cross-section of the problem area is depicted in Figure 2. Hydraulic parameters 
and conditions under the design flow (10-year flow event) were determined, as described 
in the beginning of Part III of this report and area summarized for this site in Table 1. 
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Figure 2. Typical Channel Cross-Section. 

Hydraulic Parameter or 
Design Condition 

Site Value 

10-yr flow (cfs) 166 

Channel slope (ft/ft) 0.0062 

Roughness coefficient 0.03 

Depth, center (ft) 3.9 

Velocity, ave. (ft/sec) 4.6 

Shear stress, ave. (lb/ft2) 0.9 

Table 1. Hydraulic Design Conditions for Site No. 20774. 

Recommended Stabilization Design 
The estimated velocity under design conditions (4.6 ft/sec) is within the range for 
bioengineering methods (8 ft/sec). Given the height of the slope, however, stone toe 
protection is recommended. Bioengineering methods can then be used on the upper bank 
areas.

Site 20774 Typical Cross-Section
(looking downstream, dashed line indicates water surface at time of survey)

0.0

5.0

10.0

15.0

20.0

25.0

30.0

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0

Section Width (ft)

Se
ct

in
o 

El
ev

. (
ft)



Rouge Main 1-2 Streambank Erosion Inventory Report
Conceptual Site Design: Site No. 20774 
   

Limno-Tech, Inc. 3

The recommended stabilization design for this site includes the following elements: 

Stone toe protection along base of failure area, extending slightly upstream and 
downstream as well (70’ total). Existing debris at toe can likely be buried behind 
stone toe protection 

Backfilling and grading of slope above toe protection to create a good base for 
bioengineering methods and maintain a slope less than 1:1. 

Live fascines on lower half of slope. Figure 3 shows a typical design for live 
fascines. 

Pre-seeded erosion control blanket on the upper portion of the slope. 

Because of the height of the failure area, a geotechnical investigation & slope stability 
analysis is recommended before final design for this site. 

Figure 3. Typical Design for Live Fascines for Streambank Protection (Source: NRCS, 
1996).



Rouge Main 1-2 Streambank Erosion Inventory Report
Conceptual Site Design: Site No. 20774 
   

Limno-Tech, Inc. 4

Estimated Stabilization Costs 
The estimated costs for the bank stabilization measures described above are summarized 
below.

Item Unit Unit 
Cost

Qty. Subtotal 

Stone toe protection l.f. $100 70 $7,000 

Earthwork c.y. $15 50 $750 

Live fascines l.f. $30 120 $3,600 

Erosion control blanket s.y. $2.50 40 $100 

   Total: $11,450 

The quantities listed above are estimates only, for conceptual purposes, and may vary 
with final design. Actual costs will depend on material availability and market pricing. It 
should be noted that these costs do not include all project costs. Other project costs will 
include, but are not necessarily limited to, the following: engineering design (including 
thorough hydraulic analysis), permitting, easements, contractor procurement, site access 
& preparation, and project management.  
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Site No. 20776 (Main Ravines Drain, Farmington Hills)

Problem Description 
Site No. 20776 is located on the Main Ravines Drain in the City of Farmington Hills. The 
streambank at this location is part of a relatively high, steep slope adjacent to a residential 
area. The attached figure shows a plan view of the site area, as well as site photographs 
depicting the erosion problem.  

The erosion problem at this site is apparently due to the failure of a large tree that has 
fallen across the stream with its root ball against the east bank. The tree has apparently 
caused higher flows to back up, which has results in severe erosion of the base of the east 
bank. The site is depicted in Figure 1. 

Figure 1. Bank Erosion at Site No. 20776.

Hydraulic Conditions for Design 
A typical cross-section of the problem area is depicted in Figure 2. Hydraulic parameters 
and conditions under the design flow (10-year flow event) were determined, as described 
in the beginning of Part III of this report and area summarized for this site in Table 1. 
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Figure 2. Typical Channel Cross-Section. 

Hydraulic Parameter or 
Design Condition 

Site Value 

10-yr flow (cfs) 169 

Channel slope (ft/ft) 0.0062 

Roughness coefficient 0.03 

Depth, center (ft) 3.2 

Velocity, ave. (ft/sec) 4.0 

Shear stress, ave. (lb/ft2) 0.7 

Table 1. Hydraulic Design Conditions for Site No. 20776. 

Recommended Stabilization Design 
The estimated velocity under design conditions (4.0 ft/sec) is within the range for 
bioengineering methods (8 ft/sec). Given the height of the slope, however, stone toe 
protection is recommended. Bioengineering methods can then be used on the upper bank 
areas.

Site 20776 Typical Cross-Section
(looking upstream, dashed line indicates water surface at time of survey)
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The recommended stabilization design for this site includes the following elements: 

Removal of the fallen tree. 

Stone toe protection along base of eroded area, extending slightly upstream and 
downstream as well (75’ total).  

Backfilling and grading of slope behind and above toe protection to create a good 
base for bioengineering methods and maintain a slope less than 1:1. 

One row of live fascines just above the stone toe protection. Figure 3 shows a 
typical design for live fascines. 

Pre-seeded erosion control blanket on the upper portion of the slope. 

Because of the height of the failure area, a geotechnical investigation & slope stability 
analysis is recommended before final design for this site. 

Figure 3. Typical Design for Live Fascines for Streambank Protection (Source: NRCS, 
1996).
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Estimated Stabilization Costs 
The estimated costs for the bank stabilization measures described above are summarized 
below.

Item Unit Unit 
Cost

Qty. Subtotal 

Stone toe protection l.f. $100 75 $7,000 

Earthwork c.y. $15 95 $1,425 

Live fascines l.f. $30 55 $1,650 

Erosion control blanket s.y. $2.50 100 $250 

   Total: $10,325 

The quantities listed above are estimates only, for conceptual purposes, and may vary 
with final design. Actual costs will depend on material availability and market pricing. It 
should be noted that these costs do not include all project costs. Other project costs will 
include, but are not necessarily limited to, the following: engineering design (including 
thorough hydraulic analysis), permitting, easements, contractor procurement, site access 
& preparation, and project management.  
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Site No. 20825 (Unnamed Tributary, Bingham Farms)

Problem Description 
Site No. 20825 is located on a small, unnamed tributary to the Rouge River in Bingham 
Farms, near Bingham Lane. At this location, Guy-wire anchors for a utility pole have 
been planted very close to the stream channel and are being exposed by erosion. 
Although not a major source of sediment loading to the Rouge, this is a common type of 
problem in urbanized watersheds. Left unchecked, any erosion could lead to fail of the 
guy-wires and, subsequently, the pole.

The attached figure shows a plan view of the site area, as well as site photographs 
depicting the erosion problem. The site is located in a residential area and is depicted in 
Figure 1. 

Figure 1. Bank Erosion Near Utility Pole Guy-Wires at Site No. 20825.
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Hydraulic Conditions for Design 
The channel at Site Number 20825 is not sufficiently well-defined to determine a typical 
cross-section. For this reason, it was not possible to complete a hydraulic analysis of the 
site using the methods employed in this study. 

However, given that the drainage area for this site is less than one square mile, it is 
unlikely that it experiences flows high enough to cause velocities in excess of 8 feet per 
second, therefore bioengineering methods would be applicable here.

Recommended Stabilization Design 
Given the small area and presumably low flows and velocities at this site, bioengineering 
methods are likely applicable. In an unobstructed area, it might be possible and 
economical to realign the shallow channel away from the guy-wires, however a large tree 
prevents this approach at Site Number 20825. 

In lieu of channel realignment, the recommended stabilization design for this site 
includes the following elements: 

Coir log stabilization of the channel banks. 

Backfilling and regrading of earth to fully bury guy-wire anchors. 

Erosion control blanket for stabilization of the disturbed areas. 

Estimated Stabilization Costs 
The estimated costs for the bank stabilization measures described above are summarized 
below.

Item Unit Unit 
Cost

Qty. Subtotal 

Earthwork (channel 
realignment & fill)  

c.y. $15 10 $150 

Coir logs l.f. $25 40 $1,000 

Erosion control blanket s.y. $2.50 8 $20 

   Total: $1,170 

The quantities listed above are estimates only, for conceptual purposes, and may vary 
with final design. It should be noted that these costs do not include all project costs. Other 
project costs will include, but are not necessarily limited to, the following: engineering 
design (including thorough hydraulic analysis), permitting, easements, contractor 
procurement, site access & preparation, and project management. 
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Site No. 20893 (Unnamed Tributary to Rouge River, Southfield)

Problem Description 
Site No. 20893 is located on an unnamed tributary to the Rouge River in the City of 
Southfield, immediately west of Bell Road. The attached figure shows a plan view of the 
site area, as well as site photographs depicting the erosion problem.  

Flow passes under Bell Road through 60-inch concrete pipe and the banks adjacent to the 
pipe were stabilized using gabions in the past. The gabions have now failed, apparently 
due to improper stone sizing and bed and toe erosion. Collapsed gabions now lie in the 
stream, creating a flow obstruction and further exacerbating erosion.

Approximately 175 feet downstream from Bell Road, the stream channel bends sharply to 
the west, creating a bend of roughly 90o. Approaching the bend, the banks on the east 
side of the stream are eroded to near-vertical slopes as high as 18 feet. Erosion along this 
bank is severe, appears to be progressing, and clearly threatens the riparian residential 
properties. Based on the large area of exposed earth along the western bank, this site is a 
significant source of sediment loading. 

Figure 1. Bank Erosion at Site No. 20893.
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Hydraulic Conditions for Design 
A typical cross-section of the problem area is depicted in Figure 2. Hydraulic parameters 
and conditions under the design flow (10-year flow event) were determined, as described 
in the beginning of Part III of this report and area summarized for this site in Table 1. 

Figure 2. Typical Channel Cross-Section. 

Hydraulic Parameter or 
Design Condition 

Site Value 

10-yr flow (cfs) 11 

Channel slope (ft/ft) 0.00119 

Roughness coefficient 0.0575 

Depth, center (ft) 1.5 

Velocity, ave. (ft/sec) 1.6 

Shear stress, ave. (lb/ft2) 0.6 

Table 1. Hydraulic Design Conditions for Site No. 20893. 

Site 20893 Typical Cross-Section
(looking downstream, dashed line indicates water surface at time of 

survey)
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Recommended Stabilization Design 
The 10-year design event flow for this site is estimated at only 11 cfs, resulting in a 
relatively low velocity (1.6 ft/sec) under design conditions, which indicates that 
bioengineering methods will be feasible at this site. However, it is difficult to correlate 
the failed gabions and severe bank erosion evident at the site with these relatively mild 
hydraulic conditions, therefore detailed hydrologic and hydraulic analysis of the site are 
strongly recommended prior to final design of streambank stabilization measures.  

Assuming that the estimates of hydraulic design conditions are reasonably accurate, 
potential stabilization methods are limited by the height and steepness of the bank on the 
east side of the stream. Further assuming that cutting the slopes back to the east would 
unacceptable to riparian land owners, the recommended design must involve building out 
the base of the east bank, thus shifting the channel to the west. The greatest shift will be 
at the point closest to the upstream side of the bend, where the bank is the highest and 
steepest. This realignment of the channel will result in a reduced bank slope on the east 
and a less severe bend in the river, which should reduce the erosive force on the outer 
bank of the bend. 

Given the relatively low design velocities, vegetated geogrids are recommended for 
rebuilding the east bank. A typical vegetated geogrid design is illustrated in Figure 3. 
Because the maximum recommended height for a single geogrid series is eight feet, it 
will be necessary to construct them in tiers, with the top of the first series being stepped 
back before the second (upper) series is installed. Assuming a final bank slope of 1.5:1 
with the bank height varying from 9 feet to 18 feet, the base of the east bank will be 
shifted approximately 5 to 10 feet or more from its present location.  

In summary, the recommended stabilization design for this site includes the following 
elements: 

Channel realignment to increase bank slope on the east side of the stream and 
decrease the curvature of the bend. 

Stone toe protection along the length of the outer bend. 

Vegetated geogrids to stabilize the east bank, increasing the slope to 
approximately 1.5:1. 

Coir log toe protection along the inner bank of the realigned channel. 

Erosion control blankets with seeding and live stakes along the inner bank of the 
realigned channel 

Gabion replacement adjacent to 60” concrete pipe. 

This conceptual design assumes that a 1.5:1 slope is inherently stable for the native soils 
on the east bank at this site. Given the height of the bank, a geotechnical investigation 
and analysis should be conducted as part of final design to determine the stability of the 
present slope and to determine the minimum stable slope.  
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The detailed hydraulic analysis for this site should examine the potential for bed erosion 
immediately downstream of the concrete pipe and evaluate the need for bed protection or 
energy dissipation at that location.

Figure 3. Vegetated Geogrid Design for Streambank Protection (Source: USFS, 2002). 
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Estimated Stabilization Costs 
The estimated costs for the bank stabilization measures described above are summarized 
below.

Item Unit Unit 
Cost

Qty. Subtotal 

Earthwork (channel 
realignment) 

c.y. $15 1700 $25,500 

Stone toe protection l.f. $100 150 $15,000 

Vegetated geogrid ft2 $30 2700 $81,000 

Coir log toe protection l.f. $25 150 $3,750 

Erosion control blanket s.y. $2.50 90 $225 

Live stakes ea. $2.50 750 $2,100 

Gabion replacement c.y. $300 50 $15,000 

   Total: $142,575 

The quantities listed above are estimates only, for conceptual purposes, and may vary 
with final design. It should be noted that these costs do not include all project costs. Other 
project costs will include, but are not necessarily limited to, the following: engineering 
design (including thorough hydraulic analysis), permitting, easements, contractor 
procurement, site access & preparation, and project management. 
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Site No. 21051 (Pebble Creek, Southfield)

Problem Description 
Site No. 21051 consists of a bank failure on the outer bend of a meander in Pebble Creek, 
in the City of Southfield. The attached figure shows a plan view of the site area, as well 
as site photographs depicting the erosion problem.  

A slope failure area measuring approximately 20’ high and 65’ wide at the base has 
developed on the east side of the creek channel. The cause of the failure cannot be 
determined without further investigation, but it appears to be a combination of toe erosion  
and a steep slope along an outer bend. The site is depicted in Figure 1 and is located 
adjacent to the Holy Sepulchre cemetary. 

Figure 1. Bank Erosion at Site No. 21051.

Hydraulic Conditions for Design 
A typical cross-section of the problem area is depicted in Figure 2. Hydraulic parameters 
and conditions under the design flow (10-year flow event) were determined, as described 
in the beginning of Part III of this report and area summarized for this site in Table 1. 
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Figure 2. Typical Channel Cross-Section. 

Hydraulic Parameter or 
Design Condition 

Site Value 

10-yr flow (cfs) 380 

Channel slope (ft/ft) 0.004 

Roughness coefficient 0.03 

Depth, center (ft) 6.4 

Velocity, ave. (ft/sec) 4.9 

Shear stress, ave. (lb/ft2) 0.6 

Table 1. Hydraulic Design Conditions for Site No. 21051. 

Recommended Stabilization Design 
The estimated velocity under design conditions (4.9 ft/sec) is within the range for 
bioengineering methods. Given the height of the slope, however, stone toe protection is 
recommended. Bioengineering methods can then be used on the upper bank areas.  
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The recommended stabilization design for this site includes the following elements: 

Live crib wall along the base of the slope. This structure will provide very good 
toe protection and push the base out four to six feet, allowing backfill above to 
reduce the slope in the failed area. 

Backfilling and grading of slope above the crib wall to create a good base for 
bioengineering methods and maintain a slope less than 1:1. 

Pre-seeded erosion control blanket on the upper portion of the slope. 

Riprap protection on the upstream and downstream ends of the cribwall. 

Because of the height of the failure area, a geotechnical investigation & slope stability 
analysis is recommended before final design for this site. 

Figure 3. Typical Design of Live Cribwall for Streambank Protection (Source: USFS, 2002). 
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Estimated Stabilization Costs 
The estimated costs for the bank stabilization measures described above are summarized 
below.

Item Unit Unit 
Cost

Qty. Subtotal 

Live crib wall  ft2 $25 600 $15,000 

Earthwork c.y. $15 120 $1,800 

Riprap (end protection) ton $20 20 $400 

Erosion control blanket s.y. $2.50 100 $250 

   Total: $17,450 

The quantities listed above are estimates only, for conceptual purposes, and may vary 
with final design. Actual costs will depend on material availability and market pricing. It 
should be noted that these costs do not include all project costs. Other project costs will 
include, but are not necessarily limited to, the following: engineering design (including 
thorough hydraulic analysis), permitting, easements, contractor procurement, site access 
& preparation, and project management.  
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Site No. 21112 (Farmington Branch, Southfield)

Problem Description 
Site No. 21112 is located immediately upstream of the Nine Mile Road bridge on 
Farmington Branch, which was built on a meander of the stream. Two erosion problems 
exist at this site: 

There is a sharp bend in the stream immediately upstream of the bridge and the 
outer bank is eroding from just upstream of the bend, to the eastern bridge 
abutment (approximately 200 ft). 

The bank at the western bridge abutment is also eroding from the momentum of 
the water coming around the bend and being redirected under the bridge. 

The attached figure shows a plan view of the site area, as well as site photographs 
depicting the erosion problem. Although the bridge does not appear to be in imminent 
danger, stabilization measures should be taken to prevent further erosion around the 
structure. Along the banks, erosion has exposed tree roots and appears to be progressing. 
The eroded bank varies from approximately four feet to six feet high. The site is located 
in a residential area and is depicted in Figure 1. 

Figure 1. Bank Erosion at Site No. 21112.
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Hydraulic Conditions for Design 
A typical cross-section of the problem area is depicted in Figure 2. Hydraulic parameters 
and conditions under the design flow (10-year flow event) were determined, as described 
in the beginning of Part III of this report and area summarized for this site in Table 1. 

Figure 2. Typical Channel Cross-Section. 

Hydraulic Parameter or 
Design Condition 

Site Value 

10-yr flow (cfs) 274 

Channel slope (ft/ft) 0.0035 

Roughness coefficient 0.03 

Depth, center (ft) 4.1 

Velocity, ave. (ft/sec) 3.7 

Shear stress, ave. (lb/ft2) 0.6 

Table 1. Hydraulic Design Conditions for Site No. 21112. 

Site 21112 Typical Cross-Section
(looking downstream, dashed line indicates water surface at time of 

survey)
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Recommended Stabilization Design 
The estimated velocity under design conditions (3.7 ft/sec) is well within the range for 
bioengineering methods, therefore hard armoring of the banks is not necessary. However, 
extra toe protection is recommended along the outside of the bend because the sharpness 
of the bend results in a high angle of impact from flowing water. Here, stone toe 
protection is recommended. In addition, the banks immediately adjacent to the bridge 
abutment should be armored with riprap to provide maximum structural protection. 

Bank erosion can be addressing by regrading or backfilling behind coir logs to reduce the 
bank slope where necessary. The coir logs will provide support to the regraded bank until 
vegetation is fully established and will provide some toe protection, particularly along the 
approach to the bend. The regraded banks can then be covered with erosion control 
blankets and seeding and live stakes can be used to promote vegetative growth. 

The recommended stabilization design for this site includes the following elements: 

Regrading of the outer banks to reduce their slope from nearly vertical to 
approximately 2:1 or less. 

Stone toe protection of the outer bank at the sharpest part of the bend 
(approximately 60 l.f.) 

Coir log toe protection elsewhere (approximately 140 l.f.). 

Erosion control blankets to cover the regraded banks. 

Live stakes installed in the erosion control blanketed areas. 

Riprap revetment of the bridge embankments. 

Riprap protection of the upstream end of the bioengineering measures.  

Figure 3 shows a typical layout for a coir (coconut) fiber log and Figure 4 shows a typical 
layout for live staking with erosion control blanket. 
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Figure 3. Typical Design for Coir Fiber Log for Toe Protection (Source: USFS, 2002). 

Figure 4. Typical Design for Live Stakes with Erosion Control Blanket for Streambank 
Protection (Source: NRCS, 1996). 
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Although Figure 4 shows stone toe protection, this may only be necessary on the outer 
bend, as described above. On the bank approaching the bend, coir logs should be feasible 
for toe protection, as long as the upstream ends are protected from the oncoming current, 
such as by riprap as recommended here.

Estimated Stabilization Costs 
The estimated costs for the bank stabilization measures described above are summarized 
below.

Item Unit Unit 
Cost

Qty. Subtotal 

Earthwork c.y. $15 270 $4,050 

Stone toe 
protection

l.f. $100 60 $6,000 

Coir logs l.f. $25 140 $3,500 

Riprap
(embankments) 

ton $20 20 $400 

Riprap
(upstream end) 

ton $20 6 $180 

Erosion control 
blanket

s.y. $2.50 140 $350 

Live stakes ea. $2.50 1200 $3,000 

   Total: $17,480 

The quantities listed above are estimates only, for conceptual purposes, and may vary 
with final design. It should be noted that these costs do not include all project costs. Other 
project costs will include, but are not necessarily limited to, the following: engineering 
design (including thorough hydraulic analysis), permitting, easements, contractor 
procurement, site access & preparation, and project management. 
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Site No. 21159 (Rouge River, Southfield)

Problem Description 
Site No. 21159 consists of a broad meander of the Rouge River, located in the City of 
Southfield, downstream of the confluence of Pernick Creek. The attached figure shows a 
plan view of the site area, as well as site photographs depicting the erosion problem. The 
outer banks of the bend are eroding and the streambank in the eroded reach presently 
consists of relatively steep, barren earth. Erosion has exposed storm water outfalls and 
tree roots, and appears to be progressing. The eroded area is approximately 200 feet long 
and six to eight feet high. The top of the eroded bank transitions to a relatively flat 
floodplain, currently used for the Beech Woods golf course. The site is depicted in Figure 
1.

Figure 1. Bank Erosion at Site No. 21159.

Hydraulic Conditions for Design 
A typical cross-section of the problem area is depicted in Figure 2. Hydraulic parameters 
and conditions under the design flow (10-year flow event) were determined, as described 
in the beginning of Part III of this report and area summarized for this site in Table 1. 
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Figure 2. Typical Channel Cross-Section. 

Hydraulic Parameter or 
Design Condition 

Site Value 

10-yr flow (cfs) 2140 

Channel slope (ft/ft) 0.0012 

Roughness coefficient 0.025 

Depth, center (ft) 7.7 

Velocity, ave. (ft/sec) 7.6 

Shear stress, ave. (lb/ft2) 0.5 

Table 1. Hydraulic Design Conditions for Site No. 21159. 

Recommended Stabilization Design 
The estimated velocity under design conditions (7.6 ft/sec) is near the threshold for 
bioengineering methods (8 ft/sec). A safe approach would be to armor the banks with 
riprap or some other ‘hard’ engineering surface. However, this would likely require a 
large quantity of stone and would be a very expensive solution. Furthermore, it would 
have little ecological benefit, other than reduce sediment loading to the river from bank 
erosion. Given that the erosion exists on the outside of a bend, however, it should be 
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(looking downstream, dashed line indicates water surface at time of 
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possible to use stone barbs (also known as stone dikes or weirs), which would reduce the 
actual velocity along the bank and allow for the placement of bioengineering stabilization 
methods. The advantages of this approach are that costs are reduced from a total ‘hard 
armoring’ approach and plant growth in the bioengineered areas between the stone dikes 
will provide habitat and help control non-point source runoff.  

The recommended stabilization design for this site includes the following elements: 

Regrading of the banks to reduce their slope from nearly vertical to approximately 
2:1.

Installation of stone barbs to protect the outer bank. Figure 3 shows a typical 
layout for stone barbs on the outside of a river bend. The size, number, and 
spacing of the barbs would be determined during final engineering design. For 
estimating purposes, it is assumed that the barbs would be approximately 16’ long 
(8’ keyed into bank), 6’ to 8’ a their widest point, and 8’ high (half buried in the 
bed of the stream). It is also assumed that eight barbs would be required. 

Figure 3. Typical Layout of Stone Barbs for Streambank Protection (Source: NRCS, 1996). 

Bank toe protection between the barbs using coir logs or similar materials. 

Brushlayering of the regraded banks between the stone barbs. A typical 
brushlayering design is illustrated in Figure 4. Although Figure 4 shows a live 
fascine bundle and stone toe protection, it may be possible to use coir logs for toe 
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protection and stabilization because the stone barbs will reduce near-bank 
velocities and mitigate much of the direct scour that is currently occurring. 

Riprap armoring of the upstream and downstream ends of the bioengineering 
measures upstream of the first stone barb and downstream of the last stone barb.  

Figure 4. Typical Brushlayering Details (Source: NRCS, 1996). 
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Estimated Stabilization Costs 
The estimated costs for the bank stabilization measures described above are summarized 
below.

Item Unit Unit 
Cost

Qty. Subtotal 

Earthwork c.y. $15 100 $1,500 

Riprap (stone barbs) ton $20 660 $13,200 

Coir logs l.f. $25 200 $5,000 

Riprap (end protection) ton $20 24 $480 

Brushlayering ft2 $4 2000 $8,000 

   Total: $28,180 

The quantities listed above are estimates only, for conceptual purposes, and may vary 
with final design. Actual costs will depend on material availability and market pricing. It 
should be noted that these costs do not include all project costs. Other project costs will 
include, but are not necessarily limited to, the following: engineering design (including 
thorough hydraulic analysis), permitting, easements, contractor procurement, site access 
& preparation, and project management.  



CARLETON AVE

Li
m

no
-T

ec
h,

In
c.

A
nn

A
rb

or
,M

ic
hi

ga
n

RSW22Nov2004s:\rouge12\gis\intft96adj\maps\conceptual21159.mxd

0
50

10
0 ft

RO
UG

E
MA

IN
1-

2W
AT

ER
SH

ED
ST

RE
AM

BA
NK

ER
OS

IO
N

IN
VE

NT
OR

Y
20

04

S
ite

21
15

9
S
ou

th
fie

ld
,M

ic
hi

ga
n

R
iv

er
R

ou
ge

S
H

E
E
T

1

P
R

O
B

LE
M

D
E
S
C

R
IP

TI
O

N

Er
os

ion
of

ou
ter

ba
nk

is
oc

cu
rri

ng
on

ab
ro

ad
m

ea
nd

er
of

the
riv

er
,r

es
ult

ing
in

an
ea

r-v
er

tic
al

er
od

ed
fac

ea
dja

ce
nt

to
go

lfc
ou

rse
an

d
fai

lur
eo

fa
co

nc
re

te
sto

rm
ou

tfa
ll.



ROUGE RIVER GATEWAY PROJECT:
RESTORATION OF AN URBAN RIVER 

Kelly A. Cave, P.E. 
Director, Watershed Management Division, Wayne County Department of Environment

415 Clifford 
Detroit, Michigan 48226 

James E. Murray, Wayne County Department of Environment
Edward J. Bagale, University of Michigan-Dearborn 

Sam B. Lovall, Hamilton Anderson Associates
Nancy J. Andrews, Ph.D., Environmental Consulting & Technology, Inc. 

Carl R. Johnson, P.E., Camp Dresser & McKee 

ABSTRACT

The Rouge River Gateway Corridor is one of the most important natural and cultural assets of 
southeast Michigan.  It includes the last eight miles of the Rouge River and neighboring 
communities.  This area has all of the basic ingredients for a vibrant urban place:  nature, culture, 
people, and economic might. Yet the Rouge River and its riparian communities are distressed.
Like many urban waterways, pollution, channelization, and industry have severed the Rouge 
from people and ecology.  Sixteen years ago, the Detroit Free Press noted that, “By the time the 
main branch of the Rouge has wound its way past 40 miles of suburban sewer overflows, 
industrial discharges, and storm water runoff it has picked up enough garbage to kill off nearly 
all but the lowest forms of life.” The Rouge was unquestionably the most polluted river in the 
state.

Since then, forty-eight Metro Detroit communities, three counties, and numerous stakeholders 
have made great strides in eliminating combined sewer overflows (CSOs), non-point source 
pollution, and other sources of impairment.  This watershed approach to pollution control has 
had a significant impact.  Last year, the Rouge met the state dissolved oxygen water quality 
standard (5 mg/liter) during dry weather and more diverse species of fish have been sighted.

Powerful stakeholders, realizing the renewed potential of this neglected river, have combined 
forces to create a vision for the Gateway Corridor.  The Rouge River Gateway Partnership is a 
diverse alliance of leaders representing Wayne County, five municipalities, cultural institutions,



and private businesses.  While attracting new investment is one goal of the Partnership, 
celebration of heritage, preservation and enhancement of natural habitats, and support of 
recreational opportunities are also priorities.

Under the guidance of the Partnership, a master plan has been developed that will allow people, 
ecology, and economy to coexist equitably in the landscape.  Currently, these elements are 
rigidly compartmentalized, reflective of traditional zoning patterns.  Existing public access to the 
river is limited and uncomfortable.  From the streets and highways, the Rouge is barely 
noticeable.  The Rouge Gateway Master Plan aims to create connections where barriers now 
exist.

The plan includes a number of projects that will restore relationships between the Rouge and its 
natural and social systems.   Ecosystems are strengthened by projects like the greening of the 
Rouge Manufacturing Complex, restoration of an oxbow at Greenfield Village, bank 
stabilization at Henry Ford Community College, and a fish ladder around a historic landmark
dam at the Ford Fair Lane Estate.  Detroit Water and Sewerage Department plans to cover a 
twelve-acre concrete CSO storage facility with a songbird meadow.  The Army Corps of 
Engineers is studying models for partial removal of the concrete channel to create new fish 
habitat and natural riverbanks.  These efforts will restore the Rouge as a shimmering ribbon of 
water that is home to diverse wildlife and indigenous plant species.

A public greenway and riverboat taxi is proposed for the entire eight-mile length of the Gateway 
Corridor once renaturalization of the riverbanks is complete.  A path system will connect to 
fourteen miles of existing greenway through adjacent communities and become a critical link 
within a larger greenway plan for southeast Michigan.  Interpretation of the area’s rich history, 
best stormwater management practices, and ecological restoration will occur along the path. This 
multi-modal transportation network will reconnect thousands of urban residents to the Rouge’s 
natural beauty.

The Rouge River will be both a magnet for community activity and a way for residents to better 
understand their unique role as stewards of this riparian ecosystem.  This paper will discuss 
development and elements of the master plan, partnership and consensus building, and ecological 
restoration progress. 

INTRODUCTION

The Rouge River watershed in southeast Michigan has all of the basic ingredients for a vibrant 
urban place: nature, culture, people, and economic might. Yet the Rouge River and its riparian 
communities are distressed.  Like many urban waterways, pollution, channelization, and industry 
have severed the Rouge from people and ecology.  Sixteen years ago, the Detroit Free Press 
noted that, “By the time the main branch of the Rouge has wound its way past 40 miles of 
suburban sewer overflows, industrial discharges, and storm water runoff it has picked up enough 
garbage to kill off nearly all but the lowest forms of life.” The Rouge was unquestionably the 
most polluted river in the state. 



Since then, forty-eight Metro Detroit communities, three counties, and numerous stakeholders 
have made great strides in eliminating combined sewer overflows (CSOs), non-point source 
pollution, and other sources of impairment.  This watershed approach to pollution control has 
had a significant impact.  For the past 2 years, for the first time in over 10 years, the Rouge River 
met the state dissolved oxygen water quality standard (5 mg/liter) during dry weather and more
diverse species of fish have been sighted.

The Rouge River Gateway Corridor consists of an eight-mile stretch of the Main Branch of the 
Rouge River extending from the confluence of its tributaries, near Ford Road in Dearborn, to its 
mouth at the Detroit River.  It is one of the most important natural and cultural assets of 
Southeast Michigan (see Figure 1 for location map).  Over the last fifty years the value of this 
resource has been reduced by degradation of character and ecological quality.   Today, concrete 
channels and poor water quality limit the river’s capability to support wildlife.  Inaccessibility to 
the river’s edge severs the important connection between the Rouge River and people.

Wayne County, local municipalities, state agencies, and the federal government have been 
working together with institutions, small businesses, corporations, and citizens during the past
year to create an organization that supersedes political boundaries.   This organization, the Rouge 
River Gateway Partnership, has embodied a range of planning and design initiatives to ensure 
that the Rouge River thrives as a natural and cultural resource for generations to come.  The 
intent of the Partnership is to create a strategy where diverse priorities, policies, and projects are 
coordinated under an overall design-management approach. 

The Gateway Master Plan is much more than a greenway concept.  It identifies cultural and 
environmental interpretive sites such as the Rouge Manufacturing Complex and the Oxbow 
Restoration at Greenfield Village.   It presents concepts for concrete channel removal and 
riverbank restoration that are now being engineered by the US Army Corps.  It works at several 
scales by presenting a concept and suggesting potential developments harmonious with that 
concept.  For example, the proposed Delray Industrial Park incorporates good planning 
principles with recreation, environmental stewardship and economic development.  The park will 
buffer neighborhoods to the north from heavy industry to the south.  Storm water infiltration 
areas will provide a natural setting for pedestrian access.

The proposed path system will provide for non-motorized traffic between Detroit and Northville.
Residents and tourists will be able to walk, or take a river taxi, to destinations previously only 
accessible by motorized vehicles.  This increased convenience and connectivity will enhance the
quality of life in Southeast Michigan as well as strengthen it as a tourist destination.  As the 
Rouge River realizes its potential as a habitat for wildlife, it is also acting as a catalyst for new 
development and an amenity for existing development.  The Rouge River flows through an area 
with rich culture and history. It is a focal point and a thread that ties these cultural resources 
into a series of related experiences.

This comprehensive program proposes to merge strategies for ecological restoration, economic
development, recreation, and tourism by embracing the history of the river and its capacity for 
renewal. The goal is to reinstate the river as an important resource that will enhance the ecology 
and quality of life in communities connected by the Rouge River Gateway Corridor.  Active
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progress is being made towards this goal: State of Michigan grants for two million
dollars have already been awarded to restore a historic oxbow in the river, and 
discussions are taking place with the US Army Corps of Engineers to modify the harsh
appearance of the concrete flood channel. The ongoing effort to clean and restore the 
Rouge River is the foundation of the Master Plan. 

Rouge River Gateway Partnership

The Rouge River Gateway Partnership was formed in the summer of 1999 to represent 
interests in the most downstream section of the Rouge River.  Officials from these 
communities, together with leaders representing cultural institutions, private business,
and Wayne County make up the Partnership as follows: City of Allen Park, City of 
Dearborn, City of Detroit, City of Melvindale, Edward C. Levy Company, Ford Motor 
Company, Henry Ford Community College, Henry Ford Museum & Greenfield Village, 
Marathon Ashland Petroleum LLC, Michigan Consolidated Gas Company, Rouge Steel 
Company, The University of Michigan – Dearborn, and Wayne County.  Support 
agencies include: Michigan Department of Environmental Quality, Michigan Department
of Natural Resources, Rouge River National Wet Weather Demonstration Project (Rouge 
Program Office), US Army Corps of Engineers, Detroit District, and US Environmental
Protection Agency, Region 5.

The Partnership provides a forum to build consensus to revitalize the Rouge River with 
the goal of making the river an amenity. The Gateway Partnership has been meeting on 
nearly a monthly basis since the summer of 1999.  Over 200 stakeholders have attended 
regular Partnership meetings.    The central idea of the Master Plan - a balance of 
environmental stewardship, cultural heritage, recreation and economic development - is 
the vision of the Gateway Partnership.  Throughout the planning process, meetings were
held with subcommittees of the larger body to understand the plans and goals of 
individual Partnership members.  Summaries of the work sessions were regularly 
presented to the larger group.   This communication demonstrated the shared benefits and 
potential connections between proposed developments.  Enthusiasm to share information
increased as the participants realized the magnitude of the project as a whole.

Over 500 individuals attended the 2001 report on the state of the watershed and unveiling 
of the Rouge River Gateway Master Plan.  Although the Master Plan is published, the 
planning process is far from over.

Master Plan Goals & Strategies

The purpose of the Rouge River Gateway Master Plan is to advance, extend, and 
coordinate current planning and redevelopment projects to achieve the goals of 
ecosystem restoration, heritage preservation, increased recreation, and economic
development along the Rouge River. Regional and national attention have given the 
Gateway Partnership the spark it needs to take the first step toward creating a national
model for redevelopment of historic industrial communities and restoration of an urban 
river.



The Master Plan outlines strategies based on the premise that goals of the Partnership are 
interdependent.  Enhancement of ecological quality will yield economic and cultural
benefits.  In turn, economic vitality can be used to support heritage preservation and 
ecological quality.  People are inherently attracted to water. As the quality of the river in 
the Gateway Corridor improves, it can become a centerpiece for neighboring 
communities.

Most importantly, the Master Plan coordinates the efforts of various stakeholders to 
maximize investments.  The synergy of new and existing developments that enhance 
local character and environmental quality will generate a great resurgence of economic
vitality for the entire region.  Rouge Gateway Partnership initiatives will reclaim the river 
as an invaluable natural, cultural, recreational, and economic resource for Southeast 
Michigan - its rich heritage preserved for generations to come.

Historical Context 

People have used the Rouge River as an integral part of their lives for centuries.
Impressions of this history are still visible in the landscape.  Agriculture, manufacturing,
cultural diversity, and natural succession have all shaped today’s river banks.  The first 
known inhabitants of the region were the Mound Builders.  Their name refers to the large 
mounds in which they may have buried their dead.  The next inhabitants of the region 
were the Potawatami, attracted to the region because of its rich soils and an abundance of 
fur-bearing animals.  Native Americans referred to the river as “Minosa Goink”, which 
means “Singeing Skin River”, or the place where game animals were dressed.

The French first settled on the banks of the Rouge River in the 1780s.  They named the 
river “Rouge”, or red.  Settlers would claim a few hundred feet of river frontage and 
extend their farms deep into the forest.  Remnants of these “ribbon farms” still exist today 
in land ownership patterns along the river.  Europeans continued to immigrate into the 
region to take advantage of its resources.  They used the reddish clay for brick, mined the 
area’s salt deposits, and built farming communities along the riverbanks.  The native 
prairie oak savannah and hardwood forests were cleared to make room for agriculture and 
industry.

Rapid growth and industrial development characterized the late nineteenth century.
Henry Ford purchased extensive land holdings along the river.  He built a factory in 
Dearborn to manufacture farm tractors, but kept a good portion of his land in agricultural 
production, partially for testing equipment.  In 1914, he started construction of a 
permanent residence on the banks of the Rouge River.

A defining moment in the history of the river transpired with the construction of the Ford
Rouge Plant during World War I.  The development of the plant was motivated by Henry 
Ford’s desire to supply submarine chasers to the US military. The Ford Rouge 
Manufacturing Complex  grew into a massive self –contained industrial complex that 
daily employed over ninety thousand men in the early 20th century. Raw materials



including coke, iron ore, and rubber were brought in and transformed into cars in less 
than thirty hours, a process that set a new global standard for industry.   The Rouge 
Manufacturing Complex became the largest manufacturing site in the world.

During the 1970s, the US Army Corps of Engineers constructed a concrete channel 
between the Henry Ford Estate and the Rouge Manufacturing Complex to control the 
flow of the Rouge River and prevent potential flooding in upstream communities.  The 
smooth-sided channel facilitated quick movement of storm water and allowed 
development of large tracts of land that were previously prone to flooding.  This land 
now supports office parks, senior housing, a golf course, and recreation centers.

Today, the character of the corridor’s lower half is still defined by the Rouge 
Manufacturing Complex, considered by many as the most profoundly influential 
industrial site of the twentieth century.  This is where the labor of Henry Ford and 
thousands of others stimulated a regional and national cultural transformation that the 
world would follow.  Ford’s ingenuity converted Southeast Michigan’s agrarian society 
to an industrial dynasty.   The products of this legacy, specifically the automobile, 
quickly became an integral component of our nation’s lifestyle

Regional and National Influences 

A tremendous momentum to develop and implement this Master Plan has evolved from
current regional and national trends. Initiatives already underway include: 

Rouge River National Wet Weather Demonstration Project (The Rouge Project): 
The Rouge Project, under a grant from the U.S. Environmental Protection Agency (EPA), 
has been instrumental in organizing funding and community activities to improve and 
reduce pollution in the Rouge River. Since 1992, the EPA has provided over $700 million
dollars for technical assistance to eliminate combined sewer overflows, involve 
community groups, and implement strategies and best management practices to reduce 
stormwater and other non-point source pollution to the river.  In that time, the water
quality of the river has improved to the point where dissolved oxygen levels average at 
least 5 mg. per liter during dry weather.  This condition meets the State of Michigan’s
water quality standards for dissolved oxygen. 

Automobile National Heritage Area: The mission of the Automobile National 
Heritage Area is to preserve and interpret the story of the automobile, to improve
awareness of our rich automotive heritage, increase tourism, and encourage capital 
investment and development.  The Rouge River Corridor  is one of six areas of 
concentration designated in Michigan as of historic significance, and one of four in 
Metro Detroit.  The goal of the Automobile National Heritage Area is to “link all of the 
many historic sites, greenways, and auto-related tours and educational programs for the
enrichment of the community.” 

American Heritage River Initiative: The Greater Detroit American Heritage River
Initiative (AHR) is a multi-stakeholder group with an action-oriented process intended to 



achieve, sustain, and celebrate the communities, economies, histories, cultures, and 
environments of Southeast Michigan’s waterfront.  The goal of promoting linked 
riverfront greenways is among six first-phase priorities that have been identified by the 
Initiative.  AHR is working with community partners that specifically encourage linked 
greenways along the Detroit River from Lake St. Clair to Lake Erie, across to Canada, 
and up key tributaries such as the Rouge River and its Auto Heritage Area. 

Southeast Michigan Greenways Initiative: The Southeast Michigan Greenways 
Initiative promotes the region’s trail network. The Initiative is the implementing agency 
for the Greenway Vision, which funds “green” projects.  Their goal is to connect the 
seven county area of Southeast Michigan with pedestrian and bike trails.  The Rouge 
River Gateway Corridor is a primary target to develop part of this integrated regional 
network.

MASTER PLAN DEVELOPMENT 

It has become apparent to gateway riparian owners that the improved water quality and 
forthcoming environmental enhancements will expose the natural and historic riches of 
the corridor, and in turn offer tremendous opportunities for recreation and economic
development.  State and federal mandates require all untreated combined sewer overflows 
to be eliminated over the next 12 years. Industrial clean up efforts are also underway.
Ford Motor Company is leading this effort with an environmentally sensitive plan to 
redevelop the Rouge Manufacturing Complex.

Consistent land ownership abutting the river is recognized as very important in providing 
opportunity for public access.  Wayne County controls the riverbanks, except for two 
short stretches.  One, located along the east bank, north of Michigan Avenue, is occupied 
by Henry Ford Community College and the University of Michigan - Dearborn; the 
second runs along both banks from the turning basin to the Detroit River.

The existing character of the river varies greatly throughout the Gateway Corridor.  North
of Michigan Avenue, the river retains its natural state as it gracefully winds through a 
bottom land forest.  Between Michigan Avenue and the turning basin, the river is forced
into a concrete channel.   Except for slow turns at each end, the channel is straight.  From
the turning basin to the Detroit River, the Rouge has been dredged and widened to 
accommodate navigation by large Great Lakes vessels.  The “short cut canal” resulted in 
the formation of Zug Island at the confluence with the Detroit River.

To establish continuity between existing developments and new opportunities, four 
distinct Character Zones were identified along the river corridor.  These include the 
Natural River Zone, the Cultural River Zone, the Urban River Zone, and the Industrial 
River Zone (Figure 2).



Figure 2 - Analysis Map Showing Opportunities And Strengths Of Gateway
Corridor

The Natural River Character Zone begins at the northern end of the Gateway project 
area and extends southward to include the campuses of Henry Ford Community College 
and the University of Michigan – Dearborn.  It consists of bottomland forest adjacent to 
the Rouge River’s unconstrained meandering banks.  Conservation and habitat 
enhancement are the dominant activities in this area.  Opportunity exists to immerse
visitors into the beauty of the natural environment.  This segment of the river is a 
resource for research and education about the natural world.

In the Cultural River Character Zone the river is surrounded by world-class cultural 
resources such as the Henry Ford Estate and the Henry Ford Museum & Greenfield 
Village.  These institutions are devoted to presenting the history of twentieth-century
ingenuity.  Jens Jensen’s sensitive planning of these sites has created an underlying 
natural character evolving from the natural river zone.  Nearby, the historic museums of 
downtown Dearborn, housed in the preserved edifices of historic Fort Dearborn, offer 
another dimension to the interpretation of this region’s past.  There is a logical transition
of complementary character as the Natural Zone overlaps the Cultural Zone on the 
University of Michigan-Dearborn campus, although the Cultural River Zone abruptly 
ends at the Southfield Freeway Bridge.

The Urban River Character Zone, beginning at a freeway bridge and encompasses
Dearborn, Allen Park, and Melvindale.  It transitions into the Industrial Zone at the 
Greenfield Road Bridge. This stretch of the river is a place where a concentration of
people live, work, and play.   Existing multifamily housing developments, the historic
Springwells neighborhood, and a senior citizen complex provide a substantial residential 
population.



This population is anticipated to grow.  Additional housing developments are planned for 
the near future and the office/research parks of Ford and Visteon are expanding.  Another 
company is completing an office facility on the River’s south bank, east of Rotunda 
Drive.  The National Football League’s Detroit Lions are constructing their new practice 
facility near the banks of the river.

In the Urban Zone, the river has potential to evolve from its current use as a storm water 
conveyance channel to a central amenity for offices, homes, shops, and senior housing.  It 
is a place where bicycling, rollerblading, fishing, kayaking, and golfing can define the
corridor as an attractive recreational resource in the heart of urban life.

The Industrial River Character Zone begins at Greenfield Road and extends to the 
mouth of the Rouge, at the Detroit River. The role of the Rouge Manufacturing Complex
as part of American industrial history is apparent in the landscape here.  It is where the 
meshing (and clashing) of technology, place, people, nature, culture, and ideology gave 
the world its most astounding example of twentieth-century brute industrial power.  Now, 
the Ford Motor Company is proactively reprogramming the Ford Rouge Center into a 
model of 21st century sustainability.

The existing residential communities are a second layer of this zone.  The predominantly
Arab American community of Salina, immediately east of the Rouge Manufacturing 
Complex, has played an integral role in the story of automotive history.  Southwest 
Detroit’s Latino community is adjacent to Salina.  These and other areas represent a 
population cut off from the river by the impassable industrial riverfront.  A safe greenway 
connection from these neighborhoods to the existing and proposed recreational and 
tourist destinations upriver would benefit the entire region.

A tremendous opportunity exists to interpret Michigan’s story of industrial evolution 
through existing industry and the history of the area’s people.  Topics such as reuse of the 
land, new technology, and efficient use of resources, energy, and wastes will emerge as 
examples of green engineering, biocompatibility, and industrial ingenuity.

Themes

Analysis of current conditions within each zone provides basis for a central concept.
Each zone has a unique character:  natural, cultural, urban, and industrial.  The extension 
of these traits leads to four corresponding themes; all of which should be nurtured within 
each zone.  In this framework, the management of the corridor will be guided by the 
melding of environmental stewardship, cultural heritage, recreation, and economic
development.   The balance and integration of these themes has established the Rouge as 
a national model for urban waterway revitalization.

Environmental Stewardship: The Rouge River Gateway Corridor is home to various 
pockets of natural wildlife habitat.  The intrinsic value of the flora and fauna is captured 
in the theme of  “Environmental Stewardship.” The essence of this theme is to protect
and restore the natural environment throughout the corridor’s eight-mile length.



A healthy environment is the foundation for the other three themes, essential not only to 
the activities of wildlife but to those of people.  Culture, recreation and economic
development should be embedded in a setting of diverse ecology.  This is important to the 
quality of life in Southeast Michigan.  It is essential to preserve and enhance existing 
natural areas such as the lake and wetland adjacent to the Tournament Players Club Golf 
Course.  These habitats are not found elsewhere locally, and their rarity enhances their 
value.

Research and education are important in the ongoing efforts to restore the river’s 
environment. The University of Michigan - Dearborn and Henry Ford Community 
College utilize campus facilities and educational programming to service both the 
academic community and the greater public.

Cultural Heritage:  The Cultural River Zone gives rise to the theme of  “Cultural
Heritage.” The Rouge River’s cultural heritage has spanned centuries.  This theme
respects the hopes and plans of the people who have historically lived on the banks of the 
river. The story of the area’s first peoples, European settlers, and manufacturing legacy 
can be expressed through interpretation and preservation.  Initiatives such as the 
Automobile National Heritage Area Designation will emphasize the role of the corridor
in manufacturing and the industrial evolution of the nation.  Closely linked to the 
corridor’s automotive history is the region’s diverse ethnic background and labor history.

Recreation: The Urban River Zone and the “Recreation” theme, recognizes the 
importance of connecting people to the river.  Convenient opportunities for exercise and 
relaxation are critical to contemporary lifestyles.  As local population increases with new 
residential and office park developments, the demand for recreational amenities will also 
increase.  Melvindale’s Ice Arena, Dearborn’s Recreation Center, and the Tournament
Player’s Club Golf Course are steps in meeting this demand.  Other potential activities 
using the river and its banks include: sculling, skateboarding, walking, jogging, 
rollerblading, and biking. 

Economic Development: The Industrial River Zone and the “Economic Development” 
theme symbolizes maximum economic development, without the benefit of the integrated 
themes described above.  This zone has had a huge impact on Michigan’s economy and
on the entire world.  Goals for sustainable manufacturing and revitalization of the old 
industrial waterfront for public access will drive new economic development initiatives.

Integration of Themes 

Within each zone, the character recognized during analysis predominates.  However, the 
zones also share the themes as connective threads strengthening the overall identity of the 
corridor.  For example, the habitats found in the Natural River Zone will be reinstated, to 
the greatest extent possible, within the cultural, urban and industrial zones.  Interpretation 
of the cultural heritage will expand beyond the Cultural River Zone.  Human activity,
although most concentrated in the Urban River Zone, will return to the entire corridor via 



recreational amenities including a non-motorized path and riverboat service. A strong 
relationship between cultural activities, environmental programs, and recreational
amenities is essential to the corridor’s economic success and to the perpetuation of high
quality life in the Rouge River Gateway Corridor. 

ROUGE RIVER GATEWAY MASTER PLAN 

There are a wide variety of projects discussed in the Rouge Gateway Master Plan.  All of 
these projects are in different phases of development ranging from conceptual to 
complete.  The Rouge Gateway Master Plan contains a timeline for each project 
containing the following phases: preliminary concept, approved conceptual design, 
schematic design, funding actively being pursued, funding in place, construction
drawings underway, construction underway, and project complete.  Impact, interest,
priority, and funding ability are determining factors in moving projects forward from
preliminary concept toward completion.

 High interest and priority projects have the support of the Partnership and are beyond the 
approved conceptual design.  These projects have a high impact on the corridor’s 
ecology, heritage, recreation, and economy. Several projects that are considered to be 
high interest, medium priority have conceptual designs completed, but depend on the 
completion of the high priority projects to move forward. Lower priority projects are 
those that are in preliminary conceptual design stage and may or may not be further 
developed. Projects include: 

A pathway system will extend from the Wayne County Parks trail system at Edward 
Hines Drive to the proposed Detroit River Greenway.  By making this connection, a 
critical link in the Southeast Michigan Greenways Initiative will be accomplished.  The
main trail will connect neighborhoods, regional attractions, and destinations along the 
river (Figures 3, 4).  This will allow tourists and local residents alike to safely and 
conveniently access the natural, recreational, and cultural opportunities afforded by the 
river.  What follows is a walking tour of the initiatives and projects that comprise the 
Gateway Partnership.

Commercial Tour/Water Taxi Service: In addition to the pathway system along the 
shoreline, the Master Plan explores the feasibility of a commercial tour/water taxi service.
A boat tour of the Rouge could offer tourists a unique venue to experience the attractions 
of the Gateway Corridor.  Cruising has re-emerged as a viable and growing market
throughout the Great Lakes.  The Detroit/Wayne County Port Authority is proposing a 
multiuse public passenger terminal facility on the Detroit River just upstream from the 
mouth of the Rouge.  Chicago, Cleveland, Milwaukee, Toronto, and Green Bay have all 
built or restored passenger ports.   Along the Rouge, potential docking points include the 
Henry Ford Estate - Fair Lane, Henry Ford Museum & Greenfield Village, the Ford 
Rouge Visitor Center, Melvindale, and Historic Fort Wayne.
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Recreational watercraft will become supportable on the Rouge River as a result of 
ecological restoration efforts, tourism, and new recreational development proposed for
the corridor.  As an entry point for tourists or a way to go to lunch on pleasant summer
days, the river taxi could be a major amenity for the corridor.

Re-naturalization of the Concrete Channel: One of the most important restoration 
efforts involves removal of the concrete channel.  Re-naturalization of the river’s banks 
will enhance habitat and greatly improve the river’s appearance.  Strategies to remove
portions of the channel are currently being studied by the Rouge Program Office and the 
US Army Corps of Engineers.   A commitment by the Corps to provide funding for a first 
phase implementation project is also in place.

Concepts for removing concrete to approximately three feet below ordinary water level 
include using stone riprap and deep-rooted plantings to stabilize banks and to enhance 
aquatic habitat (see Figure 5).   Earth excavation immediately behind the new bank will 
mitigate the potential of increased flooding due to the removal of the concrete surface.

Figure 5 – Proposed Channel Cross Section 

The additional space created by earth removal will provide storm water storage area in 
the event of a major flood.

Boardwalk Overlook: The proposed public path will begin at Edward Hines Drive, 
where a connection will be made to Wayne County’s existing Hines Park pedestrian/bike 
path.  The proposed path will head south under the existing Ford Road underpass and 
progress to the Rouge River through a bottomland forest.  It is intended that an elevated 
boardwalk will be built in this environmentally sensitive area before bridging to the
river’s east bank.  The trail will come to a head on the campus of Henry Ford Community
College, where the river makes a hairpin turn thirty feet below a grassy area known as 
Kingfisher Bluff.  The eroding bank is slowly moving toward a nearby visitor parking lot.
The college intends to stabilize the bank using soft shore engineering techniques and 



construct a viewing deck cantilevered over the bluff (Figure 6).  The bluff’s Rouge 
overlook provides an important point for outdoor education and interpretation.

Figure 6 – Sketch of Proposed Overlook Deck at Kingfisher Bluff

University of Michigan – Dearborn Environmental Interpretive Center (EIC): The 
trail will pass through a Community/Enabling Garden on the University of Michigan - 
Dearborn campus with minimal disruption to gardening activities.  It will then converge 
with the abandoned portion of historic Fair Lane Drive.  Here, the trail turns south and 
approaches the recently completed U of M - Dearborn EIC. The EIC was the first project 
completed from the Rouge Gateway Master Plan, and it serves as a research headquarters 
and provides public outreach programs. The EIC will also be an important point of 
orientation to the U of M - Dearborn internal trail system.  Just beyond the EIC is the 
main U of M - Dearborn campus.  The trail system will link neighboring communities to 
the campus and make non-motorized commutes to the university a more attractive and
safe option.  Campus parking will provide a valuable resource for trail users accessing the 
path system at the EIC trailhead.

Interpretive Signage and Landscape Restoration: The trail will proceed along old Fair 
Lane Drive on the University of Michigan campus, where the Henry Ford Estate, Fair 
Lane, is located.  Numerous interpretive signage opportunities exist along the path 
detailing the University and the history of the Henry Ford Estate - Fair Lane.  The 
historic riverfront landscape surrounding the estate, designed by Jens Jensen, will be 
accessible from the path with a welcome center as a control point.  Improvements at the
estate will include restoration of the historic Jens Jensen stone retaining walls, with the 
proposed addition of a fish passageway and canoe portage around the dam.  On the estate 



side of the river, additional stone terracing, wall restoration, and plantings are proposed.
The concept encourages public access to the river’s edge while protecting sensitive 
vegetation and controlling erosion.

Riverboat Dock: The trail will turn south toward the river and cross Fair Lane Drive,
reentering Wayne County’s right-of-way.  A boat dock for riverboat tours is proposed at 
this location.  Just downstream of the proposed dock, a bridge will connect to a path spur
proposed by the City of Dearborn leading to the city’s west downtown district.  Once past 
the bridge, the path will continue east along the Rouge River through a natural wooded 
area to an underpass at Evergreen Road.  The underpass and next segment of the trail will 
link the University of Michigan - Dearborn and Henry Ford Community College to 
numerous Dearborn amenities.

Historic Rest Stop Trailhead: The path will run along the Rouge River east of 
Evergreen Road, branch north to link with the Fairlane Town Center Mall, then continue 
to the Dearborn Hyatt Regency Hotel.  Just west of the hotel, on Michigan Avenue, an 
existing monument with an interpretive plaque describes the Ten Eyk Tavern, a historic 
tollgate and rest stop dating from the early nineteenth century.  The tollgate marker
signifies Michigan Avenue’s long highway history, beginning centuries ago as the Sauk 
Trail.  This location is proposed as a trailhead with directional signage and parking.  A 
nearby riverside fishing platform will provide a designated river access point for people
to cast their lines.

Recreational, Historical and Commercial Connections: The path then bears south 
under Michigan Avenue.  Here, a connection will be made up to the existing walkway 
that bridges the river and extends along Michigan Avenue to the east and west retail areas 
of downtown Dearborn.  The western commercial district contains many historic 
buildings that were once the Detroit Arsenal.  Now serving as Dearborn’s Historical 
Museum, these wonderfully preserved buildings house interpretations of early cultural 
events.  Nearby, the Chicago Roadhouse is proposed for redevelopment into a 
microbrewery.  An adjacent canoe livery will give visitors the opportunity to access the 
Lower Rouge tributary and continue downstream to the main river.  The City of Dearborn 
is studying the feasibility of a new rail passenger inter-modal facility adjacent to 
Michigan Avenue along the existing Amtrak route.

State-of-the-Art Recreation Center: The east walkway along Michigan Avenue will 
proceed to Dearborn’s Recreation Center.  This facility is currently under construction 
and is anticipated to be quite spectacular.  Nearby, the Arab Community Center for 
Economic and Social Services (ACCESS) is planning the first National Arab American
and Cultural Center in the United States. The museum will function as an educational 
institution and community center focusing on the contributions of Arab Americans to this 
region.  Past the Recreation Center, existing walkways provide access to Dearborn’s 
eastern retail district. 

Oxbow Restoration: It is proposed that portions of the concrete channel are removed
from Michigan Avenue to Greenfield Road in Melvindale.  As a result, those using the 



trail will see a natural looking river instead of the current concrete channel. The path will 
continue to a proposed bridge allowing trail users to access Henry Ford Museum & 
Greenfield Village through a new entry feature at the river.  The original path of a former
river oxbow will be restored at this location providing many ecological benefits.  Newly 
created habitat for fish, birds, and mammals will provide areas for floodwater storage, 
water quality improvement, and erosion protection.  This enhancement project will also 
furnish the village with an island for new program development. 

Songbird Meadow and Improved Wetlands: The path will then pass under Southfield 
Road and run along the south bank of the Rouge River.  Planned improvements to the 
opposite bank will greatly enhance views, making the site immediately east of Southfield 
Road appealing for expansion by Henry Ford Museum & Greenfield Village.  Views will 
include a wetland, wildflower meadow, and the Dearborn Tournament Players Club Golf 
Course (TPC). The existing wetland will be improved when the concrete channel is 
removed to provide additional aquatic habitat and walking trails accessible by boat.
Adjacent to the wetland is the Hubbell Southfield CSO facility, where a songbird 
meadow is proposed to conceal the recently constructed facility.  A massive concrete 
deck currently caps the large storm water storage basin.  The new meadow will 
complement the adjacent wetland habitat and reduce the volume of storm water runoff 
from the deck to the river.  The scenic Dearborn TPC Golf Course surrounds the wetland 
and meadow and reaches to the bank of the Rouge River.  The Jack Nicholas designed 
course was constructed in the 1980s and is one of eighteen TPC courses in the nation.  It 
hosts the annual Ford Seniors Players Championship, a major tournament on the popular 
Senior PGA Tour.

Rowing and Wooden Boat Building: A connection will be made to the bridge at 
Rotunda Drive, allowing a branch of the path to cross to the north side of the river.  From
Rotunda Drive to Greenfield Road the path will follow both riverbanks, facilitating
linkages to a diversity of office, housing, and recreational developments. Immediately 
downriver of Rotunda Drive, on the north bank, opportunity exists for the development
of a boat/rowing club.  Programmed activities would include the organization of rowing 
teams, teaching, and wooden boat building.  A small pond may also accompany this 
facility for model boat activities.  Public access to the river from this site will also be 
accommodated.

Lagoon Restoration: The path then continues along the north bank in front of Oakwood 
Commons, a senior citizens complex. Controlled linkages to the facility will allow 
residents access to the river while maintaining their privacy.  The existing lagoon behind 
this development will be reconnected to the river, allowing additional fish resting area,
similar to the oxbow restoration project. Southeast of Oakwood Commons is a vacant 
site owned by Ford Motor Land Services Corporation (FMLSC).  Concepts for a 
multifamily housing development that will maximize riverfront opportunities are being 
explored.  An island is proposed in front of the housing development that will separate it 
from the public path.  This solution creates private river frontage for residents, public 
access over the island and an additional area of wildlife habitat enhancement.



Adaptive Re-Use of a Historic Facility: Along the north bank of the river, the pathway 
will connect to Dearborn’s current Department of Public Works (DPW) yard.  The 
existing waste compaction station is proposed to be relocated to the east of Greenfield 
Road adjacent to the city’s new DPW facility.  The historic pumping station is no longer 
operative and provides an opportunity for the city to explore adaptive reuse options such 
as a riverfront restaurant and skateboard park on the adjacent site. 

Riverfront View: On the south bank of the river, FMLSC has constructed a new office 
complex.  With the Gateway Partnership encouragement to embrace the river and the 
anticipated re-naturalization of the river’s banks, the buildings have been sited facing the 
water.  A public promenade is planned to connect the new office park to the riverfront.
An additional feature near the south bank includes the new NFL Detroit Lions football
training facility in Allen Park, already under construction.

River Festivals: The south leg of the trail will run southeast to Melvindale Park, where a 
riverfront park is planned adjacent to the existing ice arena (Figure 7).  Proposed
amenities include river-oriented festival programming with a terraced lawn, an elevated
wood deck for senior activities, a boardwalk, gazebo, picnic pavilion, new restroom
building, and other traditional park improvements. There are also opportunities for boat 
docking at this location.  A second ice rink has recently been added to Melvindale’s Ice 
Arena.

Figure 7 – Sketch of the Proposed Melvindale Riverfront Park Improvements

Greenway Link: Once past Greenfield Road, the path will proceed only along the south
edge of the river.  At Schaefer Road, there will be an option to head northwest and circle 
the Rouge Manufacturing Complex.  This loop will lead to the Ford Rouge Visitor



Center.  Also following Schaefer Road, heading southeast, a link to the future Detroit 
River Greenway is proposed.  The main path will continue past MichCon, Darling 
International, and Levy Corporation.  Connections to these industrial developments are 
not currently appropriate because of security risks.  Wayne County’s right-of-way ends at 
the turning basin.  Therefore, the path would be cantilevered over the basin’s south edge,
or constructed as a floating boardwalk Upon reaching the bridge at Dix Road, the path 
user would cross over the river and arrive at Ford’s historic gas collection tower.  Here, 
path users may access the river taxi via a Ford Rouge Visitor Center dock, visit a new 
industrial interpretive facility, patronize the Salina retail district, or continue along the 
trail system.

Ford Motor Company Visitor Center and Tours: Ford Motor Company is planning a 
phased environmental cleanup of the Rouge Manufacturing Complex in conjunction with 
the development of its new manufacturing and interpretive facility. The Ford Rouge 
Visitor Center is being planned in conjunction with this redevelopment.  The assembly
plant will include mezzanines and glass walls in anticipation of public tours.  Tours drew 
over 500,000 visitors a year before they were eliminated in the 1970s.  The new Visitor 
Center and updated assembly plant will provide the necessary setting for the return of
visitors to see the history and future of the automobile industry.

Celebrating Diversity and a Historic Overpass: In the shadow of Ford’s historic gas 
collection tower the trail will fork, the main path crossing Dix Road and a spur of the 
trail continuing north on Dix.  This spur will underpass the rail beds and proceed through
the Salina Arabic retail district with markets and a mosque.  This is one of two path spurs 
that converge at the intersection of Dix and Riverside Drive in Patton Park.  The pathway 
will continue northwest past Patton Park to Lapeer Park.  Following Eagle Road 
southwest from Lapeer Park on its approach to the Ford Rouge Visitor Center, the path 
passes beneath the Railroad (Eagle Pass).  A historic standoff between labor and 
management took place on a pedestrian bridge over Miller Road very near this location.
An interpretive exhibit commemorating this event is proposed for the Eagle Pass area. 

Connecting Neighborhood Attractions: The main path will continue from the gas 
collection tower, now following the river’s north side.  A bridge is proposed that will 
span Miller Road, Dearborn Road, and the elevated rail bed that runs parallel to the river.
This will take the trail user to the southwest corner of historic Woodmere Cemetery.  A 
spur of the trail will proceed north up Riverside Drive along the edge of the cemetery
using the Baby Creek utility easement. This path accesses the Salina residential
neighborhood and terminates at Patton Park.  Here, the two pathway spurs servicing 
Salina will converge. 

Patton Park has served thousands of residents in Southwest Detroit.  The Detroit 
Recreation Department, Detroit Water and Sewerage Department (DWSD), and 
Southwest Detroit Business Association are currently developing a master plan for park 
improvements.  A new screening and disinfection facility is being planned for the site by 
DWSD that will clean the existing Baby Creek combined sewer overflow (CSO).  Here, 



visitors will experience an interpretive display describing the importance of eliminating
untreated CSOs into the Rouge River. 

High-Tech Industrial Park: The main trail will continue east from the pedestrian bridge 
toward the Detroit River Greenway path system.  An old stagecoach station is located
nearby on Fort Street.  It represents a potential interpretation site and is being explored as 
a center for the Southwest Detroit Historical Society.   The trail will then follow a 
realigned Dearborn Road through the Delray neighborhood.  A clean, high-tech 
industrial park benefitting the region’s economy is proposed as part of a long-range 
vision associated with the decline and transition of the Delray neighborhood in 
Southwest Detroit (Figure 8).  To accommodate the path’s continued movement toward 
the Detroit River, a public greenway will bisect the industrial park.  This green passage
will include a series of filtering ponds to responsibly handle storm runoff generated by 
the new development.

Figure 8 – Aerial Sketch of Delray “Clean And Sustainable” Industrial Park 

Public Fishing: The path will continue along Dearborn Road, reconstructed to intersect 
Jefferson Avenue, where the Rouge River Gateway Corridor meets the proposed Detroit 
River Greenway.  Here, a trailhead will be developed at the historic Jefferson Avenue
Screen House.  This facility pumps millions of gallons of water per day to the Rouge 
Manufacturing Complex through a huge conduit running beneath Dearborn Road.  A new 
park with public fishing access is proposed to grace the grounds of the screen house and 
serve as an important trailhead.

Wastewater Treatment Plan Modernization: The trail will continue southeast along 
Jefferson Avenue to the City of Detroit’s Wastewater Treatment Plant.  DWSD is 
currently developing plans to expand and modernize this facility.  The plant will provide
public tours and a destination for school field trips.  From this location it may eventually 
be possible to create a trail linkage that will cross the Rouge River to Zug Island.
National Steel is promoting the naturalization of limestone deposits along the riverbank 
to provide habitat for wildlife.  Recently, Boy Scout groups have enhanced the island’s 



western edge with new plantings. There have also been recent reports of fox in this area.
The trail would follow this natural edge in a northerly direction and cross back over the 
river to the Jefferson Avenue Screen House.  By way of walkways along Jefferson 
Avenue, the path would then connect to nearby historic Fort Wayne. 

Detroit Motor Speedway: A high point of all new and existing amenities in the corridor
is reached at the confluence of the Rouge and Detroit Rivers. This site has great cultural 
and historical resonance.  It is where crowds of people came together in the past to share
ideas and be entertained.  The Detroit International Exposition was held here, complete
with ornate pavilions, an enormous exhibit hall, fairgrounds, and a large racetrack. Tour 
boats shuttled visitors to and from downtown Detroit and other places such as Port Huron 
and Toledo.

While the old exposition site is vacant and degraded by twentieth century industrial use, 
it marks the intersection of an Automobile National Heritage Area Corridor and an 
American Heritage River.  Fortunately, the site is scheduled for renewal. The City of 
Detroit is actively pursuing a strategy for industrial related redevelopment.  These 
industrial activities will not allow public access to the river but Detroit’s effort to bring
this critical site back into active use will help revitalize this area of the corridor.

In the circumstance that the proposed industrial related development does not materialize,
a number of innovative concepts could be explored for this important site.  A 1.5 mile
oval racetrack and multipurpose outdoor event facility is just one example of an idea that 
could be developed.  Such a facility would benefit the area culturally, economically and 
historically.  Construction of a Detroit Motor Speedway on the old exposition grounds 
would feed economic growth and improve the national image of the City.  A grandstand 
overlooking the Detroit River and downtown Detroit would offer spectacular views for 
network television.  Buildings at historic Fort Wayne could be activated and sustained by 
serving as event staging and ancillary support facilities.  Auto racing at the juncture of the 
Rouge and Detroit Rivers would support and reinforce the significance of the region’s 
automobile heritage.

A revised plan could also allow for public access to the river. This would be achieved by 
securing an easement from the Jefferson Avenue Screen House, along the north bank of 
the Rouge, to the Detroit River, then along the Detroit River’s edge for safe passage to 
historic Fort Wayne.  Such green space at the edge of the river would create potential for 
the area to benefit ecologically as well.

CONCLUSION

The Rouge River Gateway Master Plan seeks to maximize natural, recreational, and 
cultural resources in balance with economic development.  As a guideline for future 
development, this plan draws its cues from existing assets.



The primary asset is the Rouge River itself. As water quality improves due to the efforts 
of the National Wet Weather Demonstration Project, new life will come to the river.  Fish 
populations will increase and naturalized river banks will provide the breeding habitat, 
cover, and food for a wide range of animals.  This restored ecosystem will attract nature
lovers, sportsmen, educators and residents seeking relaxation.  Providing public access to 
the river is a central concept of this Master Plan.

Opportunities for commercial development are increasing throughout the corridor as 
communities and stakeholders join the momentum of the Partnership’s planning efforts.
Linking destinations through the proposed riverboat tour and trail system will provide
new opportunities for economic growth.  Additional points of tourist interest will 
continue to fill in around major locales. The probability that visitors will take time to visit 
more than one venue increases with destination connectivity, publicity, and convenience - 
all goals of the Master Plan.  The wealth of successful destination-oriented programming
currently found in the Rouge River Gateway Corridor is reason enough to encourage new 
tourism development.

Several projects from the Rouge Gateway Master Plan, such as construction of the State 
of Michigan Environmental Interpretive Center at the University of Michigan-Dearborn,
are complete.  Re-construction of an oxbow of the Rouge River is underway at Henry 
Ford Museum & Greenfield Village (see Figure 9). The U.S. Army Corps of Engineers

Figure 9 – Rouge River Oxbow Reconstruction 



has committed $10 million to developing and implementing a strategy to remove portions 
of the concrete channel. These projects will create new aquatic habitat, new tourist 
destinations and connect residents and visitors to a forested oasis. 

Industrial stakeholders are backing up their words with investment.  Ford Motor 
Company will spend nearly $2 billion to renovate the Rouge Manufacturing Complex
into a sustainable manufacturing facility with a visitor center.  They have teamed with 
Michigan State University biochemists to identify native Michigan plants that will break
down soil pollutants into harmless by-products, a relatively untested process known as 
phytoremediaton.  The greening of the Rouge Complex will have a positive impact on the 
character of neighboring communities due to its sheer size.

The Master Plan is changing how developments relate to the river.  For example, Roush 
Industries has oriented the front door of their $37.5 million research park toward the river 
in anticipation of the proposed riverbank restoration and public greenway.  Most 
importantly, the planning process built an alliance between stakeholders that have often
seen themselves on opposite sides of the fence.

The Detroit Free Press has called the Gateway Partnership perhaps “…the most 
comprehensive partnership of government and private interests ever assembled to restore 
life to a damaged river and its urban surroundings.”   Private companies, universities, 
cultural institutions, and city and county governments are represented.  This project 
demonstrates how a concerned group with diverse interests can achieve incredible
momentum to accomplish seemingly impossible, yet obviously right undertakings.
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 b
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 p

ra
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ar
th

). 
 T

he
 fo

llo
w
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 t

he
 

st
re

am
. 

C
ha

ng
es

 i
n 

th
e 

la
nd

sc
ap

e 
of

 a
 

w
at

er
sh

ed
, 

su
ch

 a
s 

in
cr

ea
se

d 
im

pe
rv

io
us

 
su

rfa
ce

s,
 c

au
se

 a
 c

ha
ng

e 
in

 th
e 

hy
dr

ol
og

ic
 

re
gi

m
e 

an
d 

se
di

m
en

t l
oa

di
ng

 re
gi

m
e 

in
 th

at
 

w
at

er
sh

ed
.  

A
s 

a 
re

su
lt,

 s
tre

am
s 

co
m

e 
ou

t 
of

 e
qu

ili
br

iu
m

.  A
s 

st
re

am
s 

se
ek

 to
 e

st
ab

lis
h 

a 
ne

w
 e

qu
ili

br
iu

m
 th

ey
 m

us
t a

cc
om

m
od

at
e 

to
 c

ha
ng

es
 in

 ru
no

ff 
an

d 
se

di
m

en
t d

el
iv

er
y 

fro
m

 th
e 

w
at

er
sh

ed
.  

In
 d

oi
ng

 th
is

, t
he

y 
m

us
t 

ch
an

ge
 fo

rm
, o

fte
n 

de
ep

en
in

g 
an

d 
w

id
en

in
g,

 

m
ea

nd
er

s 
or

 m
ig

ra
tin

g 
to

 a
cc

om
m

od
at

e 
th

e 
in

cr
ea

se
d 

de
m

an
ds

 fr
om

 th
e 

w
at

er
sh

ed
. 

Th
is

 r
eb

al
an

ci
ng

 is
 a

 n
at

ur
al

 p
ro

ce
ss

, 
oc

cu
rr

in
g 

w
he

th
er

 t
he

 c
ha

ng
es

 i
n 

a 
w

at
er

sh
ed

’s
 la

nd
 c

ov
er

 a
re

 n
at

ur
al

 o
r m

an
-

m
ad

e.
  O

nc
e 

w
at

er
sh

ed
 la

nd
sc

ap
e 

ch
an

ge
s 

ha
ve

 o
cc

ur
re

d,
 it

 c
an

 ta
ke

 d
ec

ad
es

 to
 re

ac
h 

a 
ne

w
 e

qu
ili

br
iu

m
 a

fte
r 

th
e 

la
nd

sc
ap

e 
ha

s 
on

ce
 a

ga
in

 s
ta

bi
liz

ed
. N

at
ur

al
 m

ea
nd

er
in

g 
or

 
m

ig
ra

tio
n 

of
 th

e 
st

re
am

 h
as

 im
pl

ic
at

io
ns

 fo
r 

de
ve

lo
pm

en
t a

nd
 la

nd
 u

se
s 

si
tu

at
ed

 c
lo

se
 

to
 th

e 
ba

nk
s.

  S
ta

bi
liz

at
io

n 
or

 c
ha

nn
el

iz
at

io
n 

of
 a

 s
tre

am
 to

 p
re

ve
nt

 o
r 

al
te

r 
th

is
 n

at
ur

al
 

m
ig

ra
tio

n 
ca

n 
ha

ve
 p

er
m

an
en

t 
ne

ga
tiv

e 
co

ns
eq

ue
nc

es
 f

or
 s

tr
ea

m
 b

an
ks

 a
nd

 
in

st
re

am
 h

ab
ita

t, 
bu

t m
ay

 b
ec

om
e 

ne
ce

ss
ar

y 
to

 p
ro

te
ct

 o
r d

ev
el

op
 p

ro
pe

rty
.

S
tre

am
s 

m
us

t c
ha

ng
e 

th
ei

r 
fo

rm
 in

 o
rd

er
 to

 a
cc

om
m

od
at

e 
th

e 
am

ou
nt

 o
f w

at
er

 
an

d 
se

di
m

en
t t

he
y 

re
ce

iv
e 

fro
m

 th
ei

r w
at

er
sh

ed
s.
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Th
ro

ug
ho

ut
 t

hi
s 

pr
oc

es
s,

 t
he

 s
tr

ea
m

 

sc
ou

r t
he

 s
tre

am
, u

pr
oo

tin
g 

ve
ge

ta
tio

n 
an

d 
co

lla
ps

in
g 

ba
nk

s.
 In

cr
ea

se
d 

se
di

m
en

t l
oa

ds
 

se
ttl

e 
in

 t
he

 s
tre

am
, 

ch
ok

in
g 

of
f 

th
e 

ro
ck

y 
bo

tto
m

 s
ub

st
ra

te
s 

th
at

 p
ro

vi
de

 g
oo

d 
in

st
re

am
 

tu
rn

 t
he

 r
iv

er
 in

to
 a

 h
om

og
en

ou
s 

co
nd

ui
t, 

de
st

ro
yi

ng
 t

he
 v

ar
ia

tio
n 

in
 s

ub
st

ra
te

 t
ha

t 
pr

ov
id

es
 g

oo
d 

aq
ua

tic
 h

ab
ita

t. 
S

tra
ig

ht
en

ed
 

st
re

am
 ch

an
ne

ls
 p

ro
vi

de
 le

ss
 h

ab
ita

t. 
 H

um
an

 
in

te
rv

en
tio

n 
ca

n 
pr

ov
id

e 
so

m
e 

re
m

ed
y 

fo
r 

th
es

e 
si

tu
at

io
ns

, 
bu

t 
co

m
pr

eh
en

si
ve

 
w

at
er

sh
ed

 m
an

ag
em

en
t i

s 
th

e 
m

os
t e

ffe
ct

iv
e 

st
ra

te
gy

.

A 
w

ea
lth

 o
f 

in
fo

rm
at

io
n 

an
d 

re
so

ur
ce

s 
ab

ou
t s

tre
am

 s
ta

bi
lit

y 
an

d 
st

re
am

 b
an

k 
an

d 
in

st
re

am
 h

ab
ita

t 
re

st
or

at
io

n 
ca

n 
be

 f
ou

nd
 

in
 S

tre
am

 C
or

rid
or

 R
es

to
ra

tio
n:

 P
rin

ci
pl

es
, 

P
ro

ce
ss

es
, a

nd
 P

ra
ct

ic
es

, p
ub

lis
he

d 
by

 th
e 

Fe
de

ra
l 

In
te

ra
ge

nc
y 

S
tre

am
 R

es
to

ra
tio

n 
W

or
ki

ng
 G

ro
up

. 
Th

e 
do

cu
m

en
t 

ca
n 

be
 

do
w

nl
oa

de
d 

at
:

ht
tp

://
w

w
w.

nr
cs

.u
sd

a.
go

v/
te

ch
ni

ca
l/s

tre
am

_
re

st
or

at
io

n/

19
63

20
02

Th
e 

P
ai

nt
 C

re
ek

 in
 t

he
 C

ity
 o

f 
R

oc
he

st
er

 w
as

 

w
ith

 th
e 

C
lin

to
n 

R
iv

er
, a

llo
w

in
g 

th
e 

de
ve

lo
pm

en
t 

of
 th

e 
m

un
ic

ip
al

 li
br

ar
y 

al
on

g 
th

e 
ba

nk
s.

Th
is

 c
re

ek
 h

as
 s

of
t-e

ng
in

ee
rin

g 
st

ab
iliz

at
io

n 
m

et
ho

ds
 

in
st

al
le

d 
to

 p
ro

te
ct

 th
e 

st
re

am
 b

an
ks

 fr
om

 e
ro

si
on

.

Th
is

 h
ou

se
 is

 t
hr

ea
te

ne
d 

by
 e

ro
si

on
 o

f 
th

e 
ba

nk
s 

al
on

g 
th

e 
C

lin
to

n 
R

iv
er

 a
s 

th
e 

riv
er

 w
or

ks
 to

 s
ta

bi
liz

e 
its

el
f 

in
 r

es
po

ns
e 

to
 in

cr
ea

se
d 

lo
ad

s 
of

 w
at

er
 a

nd
 

se
di

m
en

t f
ro

m
 it

s 
w

at
er

sh
ed

.
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R
iv

er
ba

nk
s t

ha
t c

on
ta

in
 n

at
ur

al
 ve

ge
ta

tio
n 

ca
n 

re
du

ce
 e

ro
si

on
 a

nd
 f

lo
od

in
g,

 f
ilt

er
 

po
llu

tio
n,

 a
nd

 s
er

ve
 a

s 
m

ig
ra

tio
n 

ro
ut

es
 a

nd
fo

re
st

 c
on

ne
ct

or
s 

be
tw

ee
n 

ha
bi

ta
ts

 f
or

 a
 

va
rie

ty
 o

f w
ild

lif
e.

 A
ll s

tre
am

si
de

 la
nd

ow
ne

rs
,

w
he

th
er

 in
 u

rb
an

 o
r r

ur
al

 a
re

as
, c

an
 w

or
k 

to
re

es
ta

bl
is

h 
ga

ps
 (a

re
as

 la
ck

in
g 

ve
ge

ta
tio

n)
 

al
on

g 
riv

er
ba

nk
s.

Th
is

 s
tre

am
 b

an
k 

st
ab

ili
za

tio
n 

pr
oj

ec
t 

al
on

g 
th

e 
R

ou
ge

 R
iv

er
 in

 th
e 

C
ity

 o
f B

irm
in

gh
am

 u
til

iz
ed

 n
at

iv
e 

pl
an

ts
 a

nd
 lo

ca
l m

at
er

ia
ls

.  
Th

e 
lo

g 
th

at
 is

 b
ol

te
d 

in
to

 
th

e 
st

re
am

 b
an

k 
w

as
 r

ec
ov

er
ed

 f
ro

m
 a

 d
ea

d 
tre

e 
th

at
 h

ad
 fa

lle
n 

ne
ar

by
 ju

st
 w

ee
ks

 b
ef

or
e 

th
e 

pr
oj

ec
t 

w
as

 in
st

al
le

d.

C
lin

to
n 

R
iv

er
 G

eo
m

or
ph

ol
og

y 
Pr

oj
ec

t

T
hi

s 
C

lin
to

n 
R

iv
er

 G
eo

m
or

ph
ol

og
y 

P
ro

je
ct

 w
as

 c
on

du
ct

ed
 th

ro
ug

h 
M

ac
om

b 
C

ou
nt

y 
an

d 
E

nv
iro

nm
en

ta
l 

C
on

su
lti

ng
 

&
 T

ec
hn

ol
og

y 
(E

C
T)

. 
 A

 p
ur

po
se

 o
f 

th
e 

pr
oj

ec
t 

w
as

 t
o 

ev
al

ua
te

 t
he

 s
ta

bi
lit

y 
of

 
in

di
vi

du
al

 s
tr

ea
m

 r
ea

ch
es

 t
o 

pl
an

 f
or

 
st

re
am

 re
st

or
at

io
n 

pr
oj

ec
ts

 a
nd

 h
ig

hl
ig

ht
 

ar
ea

s 
of

 t
he

 r
iv

er
 t

ha
t 

re
qu

ire
 p

la
nn

in
g 

co
ns

id
er

at
io

n 
fo

r a
dj

ac
en

t l
an

d 
us

es
. 

R
ep

rin
te

d 
w

ith
 p

er
m

is
si

on
 fr

om
 

E
nv

iro
nm

en
ta

l C
on

su
lti

ng
 &

 T
ec

hn
ol

og
y

Th
is

 o
nc

e 
st

ab
iliz

ed
, w

oo
de

d 
sl

op
e 

is
 p

ro
ne

 to
 e

ro
si

on
 

ca
us

ed
 b

y 
cl

ea
r-

cu
tti

ng
 th

e 
ve

ge
ta

tio
n.

To
 im

pr
ov

e 
w

at
er

 q
ua

lit
y,

 th
e 

de
si

gn
 o

f 
rip

ar
ia

n 
ve

ge
ta

tiv
e 

bu
ffe

rs
 m

us
t 

ta
ke

 in
to

 
ac

co
un

t 
th

e 
ar

ea
’s

 h
yd

ro
lo

gy
, 

to
po

gr
ap

hy
,

so
ils

, p
ol

lu
ta

nt
 lo

ad
in

gs
, a

nd
 a

dj
oi

ni
ng

 la
nd

 
us

es
. R

ip
ar

ia
n 

ve
ge

ta
tiv

e 
bu

ffe
rs

, a
lth

ou
gh

ve
ry

 i
m

po
rta

nt
, 

sh
ou

ld
 b

e 
re

co
gn

iz
ed

 a
s

on
ly

 o
ne

 p
ar

t 
of

 a
 c

om
pr

eh
en

si
ve

 l
an

d 
m

an
ag

em
en

t 
pl

an
. 

W
he

ne
ve

r 
po

ss
ib

le
,

ur
ba

n 
an

d 
ru

ra
l 

pa
rk

s 
an

d 
op

en
 s

pa
ce

s 
sh

ou
ld

 b
e 

lin
ke

d 
to

 fo
rm

 fu
nc

tio
na

l w
ild

lif
e

co
rr

id
or

s.
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S
te

m
m

in
g

 t
h

e 
Ti

d
e:

 S
tr

ea
m

 B
an

k 
St

ab
ili

za
tio

n

S
ta

bi
liz

at
io

n 
of

 s
tr

ea
m

 b
an

ks
 i

s 
an

 
in

cr
ea

si
ng

ly
 c

om
m

on
 p

ra
ct

ic
e 

as
 u

rb
an

 
st

re
am

s 
er

od
e 

th
ei

r 
ba

nk
s,

 t
hr

ea
te

ni
ng

 
pr

op
er

tie
s 

as
 w

el
l 

as
 r

iv
er

 e
co

sy
st

em
s.

 
O

pt
io

ns
 fo

r s
tre

am
 b

an
k 

st
ab

iliz
at

io
n 

de
pe

nd
 

ch
ar

ac
te

ris
tic

s 
of

 th
e 

st
re

am
, a

nd
 re

so
ur

ce
s 

av
ai

la
bl

e 
to

 a
dd

re
ss

 th
e 

pr
ob

le
m

. T
w

o 
m

ai
n 

ap
pr

oa
ch

es
 w

hi
ch

 s
ta

bi
liz

e 
st

re
am

 b
an

ks
 

w
ith

 h
ar

d 
st

ru
ct

ur
es

 s
uc

h 
as

 ro
ck

, c
on

cr
et

e,
 

in
vo

lv
es

 t
he

 u
se

 o
f 

na
tu

ra
l m

at
er

ia
ls

 a
nd

 
pl

an
ts

 to
 re

in
fo

rc
e 

th
e 

st
re

am
 b

an
ks

.

Th
e 

rip
ar

ia
n 

fo
re

st
 is

 fa
lli

ng
 in

to
 th

e 
riv

er
 

as
 th

e 
C

lin
to

n 
R

iv
er

 e
ro

de
s 

its
 b

an
ks

.

Be
ca

us
e 

st
re

am
 b

an
k 

er
os

io
n 

is
 a

 n
at

ur
al

 
pr

oc
es

s 
th

at
 in

vo
lv

es
 th

e 
en

tir
e 

w
at

er
sh

ed
, i

t 
is

 c
rit

ic
al

 to
 h

av
e 

an
 u

nd
er

st
an

di
ng

 o
f w

ha
t 

is
 g

oi
ng

 o
n 

al
on

g 
th

e 
en

tir
e 

le
ng

th
 o

f 
th

e  
st

re
am

 b
ef

or
e 

at
te

m
pt

in
g 

to
 m

an
ag

e 
ba

nk
s 

to
o 

fa
r f

ro
m

 e
qu

ili
br

iu
m

, a
nd

 fu
tu

re
 c

ha
ng

es
 

in
 th

e 
w

at
er

sh
ed

 la
nd

sc
ap

e 
th

at
 m

ig
ht

 d
riv

e 
th

e 
st

re
am

 o
ut

 o
f 

eq
ui

lib
riu

m
 in

 t
he

 f
ut

ur
e 

m
us

t b
e 

ta
ke

n 
in

to
 a

cc
ou

nt
. A

tte
m

pt
in

g 
to

 
st

ab
ili

ze
 a

 s
tre

am
 b

an
k 

th
at

 is
 s

ev
er

el
y 

ou
t 

of
 e

qu
ili

br
iu

m
 o

r w
ho

se
 w

at
er

sh
ed

 is
 li

ke
ly

 

su
rfa

ce
s 

in
 th

e 
ne

ar
 fu

tu
re

 m
ay

 p
ro

ve
 fu

til
e.

 
Th

e 
st

ab
ili

za
tio

n 
tre

at
m

en
t m

ay
 fa

il 
w

ith
in

 a
 

sh
or

t p
er

io
d 

of
 ti

m
e 

or
 m

ay
 c

au
se

 p
ro

bl
em

s 
el

se
w

he
re

 a
lo

ng
 th

e 
st

re
am

. 
Fr

om
 a

n 
en

vi
ro

nm
en

ta
l s

ta
nd

po
in

t, 
so

ft 
en

gi
ne

er
in

g 
m

et
ho

ds
 a

re
 p

re
fe

rr
ed

 a
nd

 
ev

er
y 

ef
fo

rt 
sh

ou
ld

 b
e 

m
ad

e 
to

 f
av

or
 s

of
t 

ap
pr

oa
ch

es
 w

he
n 

po
ss

ib
le

. S
of

t e
ng

in
ee

rin
g 

ap
pr

oa
ch

es
 c

an
 im

pr
ov

e 
ha

bi
ta

t 
an

d 
ar

e 
ge

ne
ra

lly
 m

or
e 

ae
st

he
tic

al
ly

 p
le

as
in

g 
th

an
 

ha
rd

 a
pp

ro
ac

he
s.

  
In

 s
om

e 
si

tu
at

io
ns

, s
of

t 
ap

pr
oa

ch
es

 w
ill

 n
ot

 p
ro

vi
de

 t
he

 d
es

ire
d 

st
ab

ili
ty

.  
C

om
bi

na
tio

n 
ap

pr
oa

ch
es

 m
ay

 b
e 

em
pl

oy
ed

 u
si

ng
 h

ar
de

r 
so

lu
tio

ns
 fo

r 
ar

ea
s 

un
de

r 
gr

ea
t 

st
re

ss
 a

nd
 s

of
te

r 
ap

pr
oa

ch
es

 

m
ay

 in
cl

ud
e 

in
st

al
lin

g 
liv

e-
st

ak
e 

fa
sc

in
es

 
of

 w
oo

dy
 m

at
er

ia
l 

hi
gh

er
 o

n 
a 

ba
nk

 b
ut

 
st

ab
ili

zi
ng

 th
e 

to
e 

of
 a

 b
an

k 
w

ith
 r

ip
-r

ap
 o

r 
ga

bi
on

 b
as

ke
ts

.
Th

es
e 

co
bb

le
s 

w
er

e 
in

st
al

le
d 

as
 p

ar
t o

f a
 s

tre
am

 b
an

k 
st

ab
ili

za
tio

n 
ef

fo
rt 

in
 a

 c
ity

 p
ar

k 
in

 th
e 

C
ity

 o
f A

ub
ur

n 
H

ill
s 

al
on

g 
th

e 
C

lin
to

n 
R

iv
er

.  

R
oc

k-
fil

le
d 

ga
bi

on
 b

as
ke

ts
 p

ro
vi

de
 s

tre
am

 b
an

k 
st

ab
ili

za
tio

n 
in

 t
he

 C
ity

 o
f 

R
oc

he
st

er
 M

un
ic

ip
al

 
P

ar
k.
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M
an

ag
in

g 
In

st
re

am
 H

ab
ita

t

Im
pr

ov
em

en
t o

f t
he

 h
ab

ita
t i

n 
a 

st
re

am
 is

 

A 
w

id
e 

ra
ng

e 
of

 t
oo

ls
 a

re
 a

va
ila

bl
e 

fo
r 

m
an

ag
in

g 
in

st
re

am
 h

ab
ita

t. 
 A

pp
ro

ac
he

s 

in
st

al
la

tio
n 

of
 m

an
-m

ad
e 

ha
bi

ta
t s

tru
ct

ur
es

, 

ha
bi

ta
t r

es
ou

rc
es

.

S
ed

im
en

t 
re

m
ov

al
 a

nd
 t

he
 in

st
al

la
tio

n 

do
ne

 in
 th

e 
pr

op
er

 s
itu

at
io

n.
  T

he
 a

pp
ro
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 c
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at
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at
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 re
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 p
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e 

la
w

s 
de

ve
lo

pe
d 

th
ro

ug
h 

co
ur

t 
ca

se
s 

an
d 

ru
lin

gs
 g

iv
en

 o
ve

r 
th
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ro
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 c
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 p
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t D
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