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Executive Summary 
 

The Pebble Creek Watershed Management Plan 
(WMP) builds on techniques applied in several 
southeast Michigan subwatersheds affected by 
stormwater runoff.  This WMP uses a Best 
Management Practice (BMP) targeting 
methodology, which helps guide development of 
implementation strategies that will meet 
watershed planning goals and objectives.  This 
approach places an emphasis on identifying BMPs, 
which can be implemented in critical areas and are 
eligible for Clean Water Act Section 319, Great 
Lakes Restoration Initiative (GLRI), or other grant 
funding opportunities. 
 

The technical approach used to develop this WMP ŘǊŀǿǎ ƻƴ ƛƴŦƻǊƳŀǘƛƻƴ ƎŀƛƴŜŘ ŀƴŘ άƭŜǎǎƻƴǎ ƭŜŀǊƴŜŘέ 
from recent green infrastructure targeting efforts.  These efforts were conducted using a stormwater 
management framework in conjunction with an outcome-based strategic planning process.  Based on 
this approach, the Pebble Creek WMP identifies: 
 

¶ targets to reduce urban stormwater volumes and pollutant loads needed to meet water quality 
standards and protect designated uses in urban watersheds; 

 

¶ critical areas that contribute the greatest stormwater runoff volumes / pollutant loads and have 
a disproportionate effect on water quality; and 

 

¶ BMP opportunities that, when implemented, will result in measurable improvements relative to 
mitigating the adverse effects of urban stormwater. 

 

From a watershed implementation perspective, the Pebble Creek WMP also includes a concept referred 
to as green infrastructure area (GIA).  Green infrastructure area defines the amount of directly-
connected impervious cover (DCIC) that needs to be managed using urban stormwater BMPs to reduce 
flooding, threats to infrastructure, and loss of property, as well as achieve water quality standards 
(WQS) and protect biological communities.  The emphasis on impervious cover is consistent with 
stormwater management methods used across the country.  Urban BMPs that can be applied at specific 
locations typically focus on the amount and type of impervious area that can be directed to a 
stormwater facility (for either flow control or water quality treatment). 
 

A key to successful implementation depends on identifying critical areas.  Development of this WMP 
used a multi-scale analysis coupled with an assessment of impervious cover composition to highlight 
potential priority areas in the Pebble Creek Hydrologic Unit Code (HUC-12) that contribute the greatest 
stormwater volumes and pollutant loads.  Identification of critical areas in the Pebble Creek HUC-12 
watershed also included the use field inventory information.  In addition, compilation and analysis of the 
field inventory data recognized the overarching need to align transportation planning with stormwater 
management activities.  Not only do storm sewer networks typically follow the road right-of-way (ROW); 
other significant connected impervious surfaces (e.g., parking lots, driveways) are generally linked to the 
transportation system. 
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Outcome-based strategic planning for the Pebble 
Creek HUC-12 watershed hinges on sound, 
meaningful target development.  Stream flashiness, 
expressed through the Richards-Baker (R-B) Index, 
connects aquatic biology and channel concerns with 
stormwater management activities.  Because 
hydrology affects channel stability, stream habitat, 
aquatic biology, and the delivery of pollutant loads, 
these relationships provide a basis to examine 
urban BMP implementation strategies. 
 

While the R-B Index provides a good indicator 
showing the relationship between hydrology and its 
effect on aquatic biology, stream flashiness is not 
particularly well suited for evaluating location 
specific stormwater BMPs in the Main Rouge and 
Pebble Creek watershed.  This is because projects 
are typically implemented at smaller scales (i.e., site or catchment as opposed to the watershed scale).  
An approach routinely used in stormwater management emphasizes BMP designs based on mimicking 
pre-settlement hydrology; one that results in strategies focused on retaining the volume produced by a 
certain rain event (e.g., up to the two-year 24-hour storm).  This approach emphasizes channel 
protection, which is influenced by stream flashiness that in turn affects aquatic habitat and biology. 
 

With a focus on management practices that retain stormwater runoff volume, options examined in the 
Pebble Creek HUC-12 watershed looked at the resultant effect on stream flashiness.  Desktop screening 
analysis links annual average volume reductions to R-B Index values.  An advantage of desktop screening 

is that it also accounts for the relative effect of 
impervious cover on hydrology.  Generally, the 
greatest increase in R-B Index values occurs at 
directly-connected impervious cover levels around 
15 percent.  This is consistent with other studies, 
which indicate that streams often show signs of 
degradation and are considered stressed when the 
DCIC exceeds these same levels. 
 

Based on the relationship between bioassessment 
metrics and stream flashiness, volume reduction 
targets are identified by priority catchment groups 
and critical areas that meet channel protection 
needs.  Implementation strategies identified in the 
Pebble Creek WMP place an emphasis on managing 
the effect of directly-connected impervious cover. 
 
  

Green infrastructure area is the amount of land 
needed to manage stormwater runoff from 
connected impervious surfaces. 

Biological and hydrologic conditions are linked to 
establish runoff volume reduction needs based on 
work conducted in southeast Michigan. 
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Identifying outcomes in the Main Rouge and the 
Pebble Creek HUC-12 watershed depends on an 
understanding of watershed conditions and 
stormwater management networks through 
drainage assessments.  A key aspect in 
development of the Pebble Creek WMP is the 
multi-scale framework used to examine 
potential stormwater source areas and evaluate 
BMP implementation opportunities.  The multi-
scale analysis framework specifically moves to 
progressively smaller geographic areas based on 
priority concerns and opportunities to 
implement urban storm BMPs.  Stormwater 
sources, including different land use 
contributions to runoff challenge, were 
characterized using impervious cover data. 
 

The Southeast Michigan Council of Governments 
(SEMCOG) compiled an inventory for Pebble Creek, which included impervious cover estimates based on 
evaluation of parcel-scale data including transportation corridors, parking lot locations, and building 
footprints.  Critical areas in the Pebble Creek HUC-12 watershed were initially prioritized based on land 
use and impervious cover information.  Impervious surface composition (type, amount, density) is 
characterized by land use category (residential, roads, etc.) to identify high priority catchments where: 
a) the total amount of impervious area is greater, and b) the percentage of impervious cover is higher.  
The data is also categorized by jurisdiction to describe the overall contribution by land use type and 
ownership.  Coupled with the catchment delineations, this information allowed potential stormwater 
source locations to be examined and priority areas identified, which reflect the mix of different land 
uses present across the subwatershed. 
 

While impervious cover composition provides a starting point to identify priority source locations, 
development of the Pebble Creek HUC-12 WMP highlighted the need for field inventory information to 

help refine the critical area analysis.  The field 
inventory provided a focus on directly connected 
pathways, delivery mechanisms, and in-stream 
effects (particularly evidence of channel incision 
and bank erosion).  This enabled targeting specific 
critical locations where BMP implementation will 
be most effective in achieving overall watershed 
management objectives.  The field inventory 
information included detailed parking lot 
delineations (size and condition) developed by 
Michigan Department of Environmental Quality 
(MDEQ) staff.  This was augmented with other field 
inventory data including roadway corridor data, 
storm sewer system inlet points, outfall locations, 
riparian indicators, channel metrics, existing 
treatment, planned improvements, and stream 
conditions at road crossings. 
 

Land use / land cover information provided an 
estimate of how much different stormwater source 
areas potentially contribute to water quality 
concerns in the Pebble Creek HUC-12 watershed. 

Multi-scale analysis enables targeting of critical areas 
in the Pebble Creek HUC-12 watershed based on 
priority concerns and opportunities. 
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The drainage assessment in the Pebble Creek 
HUC-12 watershed highlights critical areas 
where BMP implementation will be most 
effective (i.e., critical areas that have a 
disproportionate effect on hydrology and water 
quality).  In urban settings, critical areas are 
locations that have higher amounts and 
percentages of connected impervious cover. 
Coupled with rainfall data, impervious cover 
provides an estimate of potential stormwater 
runoff volume generated. 
 

Development of the Pebble Creek WMP 
considered an array of implementation 
strategies, both constructed runoff volume 
reduction practices and the use of natural areas.  Major considerations include feasibility, constraints, 
potential effectiveness, and associated benefits.  A key component of the options assessment for the 
Pebble Creek WMP is identifying the amount and type of impervious area that can be directed to a BMP. 
 

Desktop analyses used in development of the Pebble Creek WMP provide estimates of the relative 
benefit derived from various management practices applied in critical areas.  Specifically, desktop 
analyses can be used to evaluate relative BMP performance given the array of sizing options (e.g., 
bioretention media depth, amount of area retrofitted, etc.) and the range of design assumptions (e.g., 
native soil infiltration rates).  Urban stormwater BMPs to achieve stream flashiness and volume 
reduction targets include bioretention, infiltration, vegetative conveyance, and porous pavement.  Other 
aspects of the BMP options evaluation include physical suitability of the site, costs, access, maintenance 
needs, and design/build time. 
 

In addition to targeting stormwater volume reduction opportunities, another objective of the Pebble 
Creek WMP is to identify BMPs that can be implemented in critical areas and are eligible for grant 
funding (e.g., §319, GLRI).  The Main Rouge and Pebble Creek, like many other urban watersheds, 

present some unique challenges with respect to 
determining whether or not proposed projects are 
grant eligible.  This is because of the potential 
overlap with Section 402 National Pollutant 
Discharge Elimination System (NPDES) permits 
issued to Municipal Separate Storm Sewer System 
(MS4) jurisdictions.  For example, projects and 
activities in the Pebble Creek HUC-12 watershed, 
which are required by MS4 permits, are not eligible 
for §319 grant funding. 
 

The challenges facing stormwater management in 
the Pebble Creek HUC-12 watershed is indicative of 
those in other urbanized areas of Michigan; a 
typical mix of residential development, commercial 
areas with large parking lots, and roadways 
managed by multiple jurisdictions.  The resultant 
increase in impervious cover has led to flashy 

Desktop analyses used in developing the Pebble 
Creek WMP examined the effect of key design 
parameters and the relative level of implementation 
needed to achieve targets. 

A key component of the options analysis for the Pebble 
Creek WMP is identifying the amount and type of 
impervious area that can be directed to a BMP. 
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stream flows, flooding problems, bank erosion, and 
siltation; all affecting aquatic habitat and biological 
conditions. 
 

The initial assessment for Pebble Creek focused on 
green infrastructure opportunities associated with 
the state transportation system.  An important 
άƭŜǎǎƻƴ ƭŜŀǊƴŜŘέ ŦǊƻƳ ǘƘŀǘ ŜŦŦƻǊǘ ǊŜŎƻƎƴƛȊŜŘ ǘƘŜ 
overarching need to align transportation planning 
with stormwater management activities.  Not only 
do storm sewer networks typically follow the road 
ROW; other significant connected impervious 
surfaces (e.g., parking lots, driveways) are generally 
linked to the transportation system at all 
jurisdictional levels.  In addition, development of 
the Pebble Creek WMP included consultation with 
key stakeholders to examine other BMP 
opportunities, their feasibility / effectiveness, potential funding mechanisms, and other important 
planning considerations (e.g., site design, costs, maintenance). 
  

The Pebble Creek WMP recognizes the need to 
align transportation planning with stormwater 
management activities. 
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1. Introduction 
 

The Pebble Creek watershed (HUC-12 04090004-
0404), located in Oakland County, includes the 
segment of the mainstem Rouge River from its 
confluence with Franklin Branch to Eight-Mile 
Road and its tributaries (Figure 1, Figure 2). This 
watershed drains nearly 23 square miles of the 
Main 1-2 Storm Water Management Area 
(SWMA), flowing through the Cities of Southfield 
and Farmington Hills, as well as West Bloomfield 
Township. 
 

In addition to the mainstem Rouge and Pebble 
Creek, this subwatershed contains several other 
tributaries, notably Pernick Creek and the 
Ravines Branch.  The middle reach of Pebble Creek, north of the confluence with Pernick Creek is 
characterized as a deep ravine.  Pernick Creek is significantly influenced by urban development that 
affects its hydrology and water quality.  The segment of the Main Rouge in this watershed also 
experiences typical urban watershed problems including high flow variability, loss of habitat, bank 
scouring, and severe streambank erosion (City of Southfield, 2012). 
 

The Environmental Protection Agency (EPA) has approved Total Maximum Daily Loads (TMDLs) for biota 
and E. coli bacteria across the entire Rouge River watershed, with the Main Rouge identified as an 
impaired stream. The biota target is the re-establishment of fish and macroinvertebrate communities 
that result in a consistent Acceptable or Excellent rating from the Michigan Department of 
Environmental Quality (DEQ) Procedure 51 Biological Community Assessment Protocol (ARC 2012). 
 

This Watershed Management Plan (WMP) was created to complement the array of water quality 
management activities being conducted in this area within Oakland County.  The County and the 
communities within the watershed recognize that this WMP is part of a broader regional effort involving 
state, municipal, business, and federal leaders to improve the quality of water resources in southeast 
Michigan.  The shared goals between Southfield, Farmington Hills, West Bloomfield, Oakland County, 
DEQ, the Michigan Department of Transportation (MDOT), and the Southeast Michigan Council of 
Governments (SEMCOG) brought their offices together to develop this plan. 
 

This WMP is intended to support local efforts to move toward an integrated approach in managing 
limited resources (technical/financial) while maximizing environmental benefits.  Water quality 
management activities conducted by the local jurisdictions include stormwater reduction projects 
developed as part of their Municipal Separate Storm Sewer System (MS4) efforts.  In addition, the 
integrated approach promoted by this WMP also incorporates infrastructure projects identified through 
each jurisdictƛƻƴΩǎ /ŀǇƛǘŀƭ LƳǇǊƻǾŜƳŜƴǘ tǊƻƎǊŀƳ ό/Ltύ ǇƭŀƴƴƛƴƎ ǇǊƻŎŜǎǎ and asset management 
programs.  Finally, this integrated approach recognizes the overarching need to align transportation 
planning with watershed management activities.  Not only do storm sewer networks typically follow the 
road right-of-way (ROW); other significant connected impervious surfaces (e.g., parking lots, driveways) 
are generally linked to the transportation system. 
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Figure 1.  Location of Pebble Creek subwatershed within River Rouge watershed 
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Figure 2.  Aerial imagery -- Pebble Creek subwatershed 
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2. Problem Statement  
 

Numerous watersheds blanket the State of 
Michigan.  Water quality within these watersheds 
is directly connected to activities on the land.  Land 
use and land cover play significant roles that 
directly affect the quality of rivers and streams 
within local watersheds. Historic landscapes 
provide various functions and values that benefit 
water resources. Wetlands, woodlands, grasslands, 
prairies, and riparian corridors all play integral 
parts in the overall water cycle. They each help in 
their unique way to filter and reduce stormwater 
runoff entering local streams. As development has 
progressed across the region, the quantity of 
impervious cover and associated urban areas have 
increased. At the same time, historic landscape 
features have decreased. 
 

2.1   Background 
 

Many urban areas within Michigan contain a number of water bodies that are impaired due to excessive 
stormwater runoff.  Very large volumes of stormwater are discharged during and after storms disrupting 
natural hydrologic patterns.  In addition to much higher flows during wet weather, there are lower flows 
in streams in dry weather, as the impervious surfaces result in reduced recharge of shallow groundwater 
aquifers.  Compounding problems associated with the volumes of runoff and hydrology, runoff from 
urban and suburban areas has substantial concentrations of pollutants. The combination of the effects of 
the runoff volumes and pollutant loads cause nonattainment of designated uses. 
 

Implementation of appropriate urban BMPs, including low impact development /  green infrastructure 
practices which infiltrate, evapotranspirate, and /  or harvest and reuse runoff, need to be planned and 
implemented in areas to help restore and protect uses.  Siting and sizing of appropriate BMPs can reduce 
pollutant loadings to meet restoration targets and help restore the natural hydrology.  Implementing the 
appropriate BMPs is critical to achieving water quality standards and protecting designated uses, which is 
the primary focus of goals and objectives for the Pebble Creek HUC-12 WMP. 

 

Watershed management plans serve as guides for 
communities, counties and watershed groups to 
protect and improve water quality and related 
natural resources.  These plans consider all 
designated uses, pollutant sources, and impacts 
within a drainage area.  Common elements of the 
watershed management plans include goals, 
objectives and actions to address water quality 
and water quantity challenges.  This includes 
identifying protection and restoration 
opportunities. The basis of these planning efforts 
is the underlying theme for defining stormwater 
runoff reduction targets. 
 

Many urban areas within Michigan and the Great 
Lakes region experience excessive stormwater runoff 
that leads to flooding and water quality problems. 

Successfully managing stormwater runoff is a major 
component of water infrastructure challenges. 
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Successfully managing stormwater runoff is a significant component of the water system infrastructure 
challenges facing Michigan.  The demographic and economic changes that have taken place over the last 
decade, combined with aging distribution, treatment, and other systems and the decline in revenue to 
maintain them, have led to major challenges to local governments.  Roads continue to deteriorate, while 
the vast majority of water and sewer systems are well past their useful life. 
 

A multitude of approaches have been applied for decades.  Traditional methods, such as expanded 
conveyance to solve localized flooding issues or increased detention to reduce peak flows, have not been 
enough.  More recently, green infrastructure has been used in managing stormwater to control flooding 
from small storms and improve water quality in a way that offers a wide range of other environmental, 
economic, public health, and social benefits.  However, a system of practices must be strategically placed 
to see documented reductions.  Most communities in Michigan recognize that this involves a 
comprehensive, integrated approach.  However, this recognition alone does not solve the significant 
technical and financial challenges facing local governments as they work to address the adverse effects 
of excessive stormwater runoff. 
 
River  Rouge Watershed Management Plan  
 

The Rouge River Watershed Management Plan (WMP) was 
developed to serve as a guide for communities, counties and 
watershed groups to protect and improve water quality and 
related natural resources.  ¢Ƙƛǎ Ǉƭŀƴ ǊŜǇǊŜǎŜƴǘŜŘ ŀ ȅŜŀǊπƭƻƴƎ 
effort by the Alliance of Rouge Communities (ARC) to update 
and consolidate seven subwatershed management plans 
completed in 2001 into one sustainable Rouge River WMP.  This 
WMP described overall characteristics and conditions in the 
Rouge River watershed, as well as the progress that has been 
made in improving water quality due to millions of dollars of 
restoration efforts across the watershed.  The WMP also 
highlights the challenges that still remain; particularly with 
managing flow variability, including both flow rates and storm 
water runoff volume, along with bacterial loading in wet 
weather conditions (ARC, 2012). 
 

The overall purpose of this WMP was to build on past successes 
ŀƴŘ ǘƻ ŎƻƴǘƛƴǳŜ ǘƻ ƛƳǇƭŜƳŜƴǘ ŀ ŎƻǎǘπŜŦŦŜŎǘƛǾŜ ŀǇǇǊƻŀŎƘ ǘƻ 
improving water quality in the Rouge River as well as meet the requirements of the NPDES Phase II 
permit that each ARC community must comply with.  This Rouge River WMP included a variety of 
identified projects and management strategies at the HUC-8 scale to that will continue to improve Rouge 
River water quality, aesthetics and recreational opportunities.  This plan has increased the focus on 
managing storm water flow and volume. The impacts to the Rouge River watershed due to increased 
impervious surfaces, such as rooftops, parking lots and roadways, has caused an increase in the total 
volume of storm water runoff, the frequency of runoff reaching the streams, the peak flow rate of runoff 
and the quality of runoff.  While, historically, storm water ordinances addressed storm water flow rates 
and runoff, this watershed plan has refined that focus to additionally emphasize the reduction of storm 
ǿŀǘŜǊ ǾƻƭǳƳŜ ǳǎƛƴƎ ǾŀǊƛƻǳǎ άƎǊŜŜƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜέ ǘŜŎƘƴƛǉǳŜǎΦ  {ŜǘǘƛƴƎ ŀ ƭƻƴƎπǘŜǊƳ ǘŀǊƎŜǘ ƻŦ ǊŜŘǳŎƛƴƎ 
storm water volume by approximately 300 million cubic feet across the watershed will significantly 
reduce the amount of storm water runoff entering the river system. 
  




















































































































































































































































