EATON COUNTY STORMWATER MANAGEMENT MANUAL
February 2016

EATON COUNTY STORMWATER MANAGEMENT MANUAL
TABLE OF CONTENTS
Introduction to the Eaton County Stormwater Management Manual ............................ 1
PART I. REGULATORY AUTHORITY ......................................................................................... 9
PART II. POLICY AND PROCEDURES .......................................................................................13
Smart Growth........................................................................................................... 14
Low Impact Development ........................................................................................ 17
Implementation for Development and Redevelopment ..................................................... 18
Special Restrictive Circumstances............................................................................ 18
Exceptions ................................................................................................................ 19
Redevelopment Criteria ........................................................................................... 19
Single Family Lot Criteria ......................................................................................... 21
Plan Review Procedures....................................................................................................... 22
Developing a Site Concept ....................................................................................... 22
Conceptual Site Plan Meeting with Eaton County Staff .......................................... 27
Preparation and Submittal of a Stormwater Management Concept Plan .............. 27
Preparation and Submittal of Preliminary Plats or Site Plans ................................. 28
Obtain Required Permits from Appropriate Agencies ............................................. 32
Submission of a Final Site or Construction Plan ...................................................... 33
Review and Permit Coverage Timelines .................................................................. 34
Amendment to Plan ................................................................................................. 34
Part 91 Soil Erosion and Sedimentation Control Plan and Permit........................... 34
Issuance of a Stormwater Permit ............................................................................ 35
Plan Review Flowchart and Narrative .................................................................................. 35
Transferring an Approved Project for Construction and Inspection ....................... 40
Maintenance Covenants and Plans...................................................................................... 41
Requirements for Privately Maintained Facilities ................................................... 41
Requirements for Publicly Maintained Facilities ..................................................... 42
Operation and Maintenance Plans .......................................................................... 42
Post-Construction Inspection .............................................................................................. 47
Inspection and Maintenance Concerns for Facility Specific BMPs .......................... 47
Inspection Documentation ...................................................................................... 52
Maintenance Records .............................................................................................. 53
Post-Construction Submittal Requirements ........................................................................ 54
Engineer’s Certificate of Completion ....................................................................... 54
Post Construction Site Plan Revisions and Certifications ........................................ 54
Transferring Responsibility for O&M to Eaton County ............................................ 55

i

Documents ........................................................................................................................... 56
Stormwater Maintenance Covenant Site Inventory Checklist ........................................ 57
Stormwater Maintenance Covenant ............................................................................... 59
Engineer’s Certificate of Completion .............................................................................. 63
Amendment of Declaration of Covenants....................................................................... 64
Deeds of Easement .............................................................................................................. 67
Content .................................................................................................................... 67
Temporary Easements or Rights of Way ................................................................. 68
Permanent Easements ............................................................................................. 68
Easements for Privately Managed Drainage Facilities............................................. 68
Physical Parameters ................................................................................................. 69
Recording ................................................................................................................. 70
Agency Expense ....................................................................................................... 70
Easement Documents .............................................................................................. 70
Drain Easement ............................................................................................ 71
Stormwater Management Easement .......................................................... 72
Declaration of Easement and Restrictions................................................... 74
Performance Bonds ............................................................................................................. 75
Types of Bonds and Application to Specific Projects ............................................... 76
Sample Bonds........................................................................................................... 76
Offsets .................................................................................................................................. 82
Administering a Stormwater Offset Option ............................................................. 83
Request for a Stormwater Offset ............................................................................. 84
Acceptable Offset Opportunities ............................................................................. 85
Methods for Fulfilling Offset Requirement.............................................................. 90
Elements of the Eaton County Offset Program ....................................................... 91
Offset Fees ............................................................................................................... 93
Stormwater Credits for Water Quality ................................................................................ 94
Stormwater Credits and Calculation ........................................................................ 95
Application of Non-Structural Stormwater Credits ................................................. 95
Multiple Credits ..................................................................................................... 101
Other Strategies for Reducing Imperviousness ..................................................... 102
BMP Construction and Maintenance Inspection Procedures ........................................... 103
Preconstruction Preparation ................................................................................. 103
Preconstruction Meeting with Relevant Parties .................................................... 103
Inspection Activity during Construction ................................................................ 103
Final Inspection and Certification of Site ............................................................... 104
Maintenance Inspection ........................................................................................ 104

ii

Detailed Landscape Guidance ............................................................................................ 106
Native Species ........................................................................................................ 106
Natural Plant Communities of Michigan................................................................ 107
General Landscaping Guidance for All Stormwater BMPs .................................... 107
Bioretention ........................................................................................................... 113
Obtaining and Planting Native Wetland Plant Propagules .................................... 116
Stormwater Plant Lists ........................................................................................... 118
Additional Resources ............................................................................................. 122
Compliance and Enforcement ........................................................................................... 123
PART III. DESIGN CONSIDERATIONS .................................................................................... 125
Stormwater Management Criteria .................................................................................... 126
Overview of Permit Requirements ........................................................................ 126
Stable Conveyance and Channel Protection .......................................................... 127
Flood control .......................................................................................................... 130
Groundwater Recharge .......................................................................................... 132
Water Quality ......................................................................................................... 134
Water Quality Criteria ................................................................................ 134
Total Suspended Solids Reduction ............................................................. 135
Exceptions .................................................................................................. 136
Water Resource Protection ....................................................................... 136
Special Criteria for Sensitive Receiving Waters ................................................................. 136
Sensitive Groundwater Protection Sites ................................................................ 138
Surface Water and Surface Water Corridor Protection ......................................... 141
Trout Stream Protection ........................................................................................ 142
Wetland Protection ................................................................................................ 146
Site Based Pollutant Load Reduction ..................................................................... 154
Special Criteria for Complex Development Situations........................................... 154
Pollution Control Hotspots ................................................................................................ 165
Best Management Practices .............................................................................................. 167
Cluster Development ............................................................................................. 168
Minimize Soil Compaction ..................................................................................... 171
Minimize Total Disturbed Area .............................................................................. 173
Protect Natural Flow Pathways ............................................................................. 176
Protect Riparian Buffer Areas ................................................................................ 178
Protect Sensitive Areas .......................................................................................... 181
Reduce Impervious Surfaces .................................................................................. 184
Stormwater Disconnection .................................................................................... 187
Bioretention (rain garden) ..................................................................................... 190
Capture Reuse ........................................................................................................ 193
Constructed Filter .................................................................................................. 196
Detention Basins .................................................................................................... 199
Infiltration Practices ............................................................................................... 204
Level Spreaders ...................................................................................................... 210
iii

Native Revegetation............................................................................................... 213
Pervious Pavement with Infiltration ...................................................................... 216
Planter Boxes ......................................................................................................... 220
Riparian Buffer Restoration ................................................................................... 223
Soil Restoration ...................................................................................................... 225
Vegetated Filter Strip ............................................................................................. 228
Vegetated Roof ...................................................................................................... 231
Vegetated Swale .................................................................................................... 234
Water Quality Devices ........................................................................................... 237
Hydrologic and Hydraulic Models ...................................................................................... 240
Key Design Criteria ............................................................................................................. 240
Groundwater Recharge .......................................................................................... 241
Stream Channel Protection .................................................................................... 241
Flood Control ......................................................................................................... 242
Water Quality Protection ....................................................................................... 243
Managing the First One Inch of Runoff from a Site ................................... 243
Managing 90th Percentile Runoff from a Site ............................................ 243
Additional Design Criteria .......................................................................... 243
Calculating Runoff .............................................................................................................. 244
Methodologies ....................................................................................................... 244
Hydrologic Soil Groups ........................................................................................... 245
Methodologies for peak rate / hydrograph estimations ....................................... 251
Computer Models for Calculating Runoff .............................................................. 254
Precipitation Data for Stormwater Calculations .................................................... 255
Design Calculations Process ............................................................................................... 256
Appendices
A. Glossary of Terms............................................................................................... 2
B. Concept Design Meeting Documents............................................................... 12
C-1. BMP Construction Inspection Templates (separate file)................................. 22
C-2. BMP Operations and Maintenance Templates (separate file) ........................ 22
D. Documents for Reference (separate file) ........................................................ 22
E. Regulated First Tier Outfalls to the Grand River .............................................. 23
F. Designer/Reviewer Checklist for Select BMPs ................................................. 26
G. Coefficients of Runoff and Limitations ............................................................ 47

iv
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STORMWATER MANAGEMENT MANUAL

November 15, 2012

This manual was created with the assistance of the Greater Lansing Regional Committee for Stormwater
and its member municipalities. For additional information, go to the GLRC website at
www.mywatersheds.org.
Important Notice: This Manual is the result of a collaborative effort by several Lansing area
municipalities and was prepared under a General Stormwater Permit issued by the State of Michigan in
2008. Prior to issuance of a certificate of coverage under that permit, Eaton County was regulated by an
earlier (2003) state-wide permit. The 2008 General Stormwater Discharge Permit expanded certain
options to improve management of stormwater resources. However, that permit was withdrawn by the
State in 2010, restricting municipalities to terms and conditions of the 2003 permit.
Despite the setback, development of this Manual by the GLRC continued knowing that most of its
provisions would be acceptable under the 2003 permit, and that eventually the participating
municipalities would be able to fully implement all parts of the Manual. Although Stormwater credits
and Offsets are not currently allowed, they are included to provide insight into where Eaton County
hopes to go when a new NPDES Permit is issued to Eaton County in 2013.
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INTRODUCTION TO THE EATON COUNTY STORMWATER MANAGEMENT MANUAL

History
Since the mid- 1970’s, Eaton County has endorsed a policy of effective stormwater management,
investing millions of dollars to improve and maintain a storm drain infrastructure dating back to the
1870’s. Many of the drains constructed or reconstructed over the past three decades have incorporated
state-of-the-art management practices, including wetlands creation and retrofitting of existing
stormwater control BMPs.
With the passage of Public Act 347 of 1972, the “Soil Erosion and Sedimentation Control Act”, the Eaton
County Board of Commissioners appointed the drain commissioner as the County Enforcing Agent (CEA),
adopting rules formulated by the Michigan Department of Natural Resources (presently the Department
of Environmental Quality or DEQ) for program administration. Program quality and enforcement
measures were strengthened in 2005 with the adoption of the “Eaton County Soil Erosion and
Sedimentation Control Ordinance”. Both the ordinance and rules are available in a separate publication
on the Eaton County website (http://www.eatoncounty.org/departments/drain-commissioner).
Soil Erosion and Sedimentation Control permits are required for all new development or redevelopment
projects if the size of the disturbance exceeds one (1) acre, or if the site lies within 500 feet of any open
body of water as defined in the program rules and procedures. In Eaton County, this restriction also
covers private ponds and wetlands.
During this same period, the Michigan Association of County Drain Commissioners was developing a
construction and procedures manual for drain improvement and maintenance projects intended to
promote uniform practices among county drain commissioners across the state. That manual eventually
became the basis for the individual Authorized Public Agency (APA) programs under which many drain
commissioners currently operate. Eaton County continued to operate under a previously approved plan
until 2010 when the new APA Program for Eaton County was approved by DEQ.
Rules governing development published by the Eaton County Drain Commissioner in the early 1970’s
were upgraded and re-published in 1992. Authority to formulate rules is derived from several statutes.
The expanded requirements were designed to provide greater protection for existing storm drains and
the water resources they convey, and included regulation for all forms of land development and
redevelopment. In 2003, the Drain Commissioner renewed his office’s commitment to environmental
protection by publishing a revised set of development standards and regulations under the title Eaton
County, Michigan, Rules for Development. This publication, in conjunction with a strong soil erosion
control program, became the basis for the county’s application for a permit to discharge stormwater
runoff to the middle upper region of the Grand River.
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A Regional Approach
Not all environmental initiatives in Eaton County were undertaken as individual efforts. The Board of
Commissioner approved a Memorandum of Agreement forming the Greater Lansing Regional
Committee on Phase II Nonpoint Source Pollution Prevention in 2004, a consortium of 18 municipalities
in the Lansing area, drawn together for the purpose of complying with requirements of the Clean Water
Act. Administration is handled through the Tri-County Regional Planning Commission. The Drain
Commissioner has been an active member of the Greater Lansing Regional Committee for Stormwater
Management (GLRC) since its inception. The committee has researched, written and published a
number of informational and guidance documents, conducts surveys on behalf of its members, and
addresses the educational component of individual certificates or permits. Those documents, as well as
newsletters and links to other organizations, are available at www.mywatersheds.org.
The federal Clean Water Act established a timeline for improving the nation’s surface water resources.
The law created the National Pollutant Discharge Elimination System (NPDES) stormwater permit
program. In Michigan, the federal program is administered by DEQ. In March of 2003, a Certificate of
Coverage was issued to the Eaton County under a NPDES General Permit- Storm Water Discharges from
MS4s- Watershed General Permit (permit no. MIG610000). In May of 2008, DEQ issued a revised NPDES
General Permit and Certificate of Coverage for Eaton County (2009). Although the General Permit (and
as a result any individual certificate of coverage issued under the permit) was withdrawn, most of the
stormwater pollution prevention initiative (SWPPI) update submitted by Eaton County in June of 2010
remains in effect.
The Eaton County Board of Commissioners has remained active in its commitment to water protection
in other ways as well, enacting an ordinance in 2008 that, in cooperation with the Barry Eaton District
Health Department (BEDHD), led to creation of the “TOST”, or “time of sale or transfer” program. This
program verifies that before a property changes hands, the onsite waste and potable water systems
meet or are brought up to current environmental standards ( www.barryeatonhealth.org).
Other environmental protection initiatives include participation in the Clean Michigan Initiative (CMI)
Non-Point Source Pollution Control Fund project under Section 319 of the Clean Water Act (watershed
planning). The project affects lands served by the Grand River from Eaton Rapids north to the county
line. Completion of a watershed plan opens possibilities for additional grant participation for specific
remediation activities identified as critical in the plan. This grant is administered by the Eaton
Conservation District (http://www.eatoncounty.org/departments/eaton-conservation-district).
In 2004, a floodplain management study was completed by the USDA, Natural Resources and
Conservation Service. Eaton County, along with several municipalities and public agencies provided
local match for the study. The result was a document entitled Floodplain Management Study,
Thornapple River, Eaton, Barry and Ionia Counties, Michigan, dated June, 2004, which establishes flood
levels for the river, beginning in Section 22, Hastings Township in Barry County, and extending upstream
to Hartel Road in Section 13 of Eaton Township.
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The Drain Commissioner is also a participant with the Battle Creek River Watershed Project, headed by
the Calhoun Conservation District of the NRCS. The purpose for this project is to address sediment
deposits and improve fish habitat in the Battle Creek River from its source in Duck Lake (Clarence
Township in Calhoun County) to its confluence with the Kalamazoo River in the City of Battle Creek.
Although funding for this committee remains allusive, the Eaton County Drain Commissioner, under
authority granted by the Michigan Drain Code, has removed 75 years of accumulated sediment and
debris from the stream from Stine Road in Walton Township to Narrow Lake in Brookfield Township. In
conjunction with the City of Charlotte, a dysfunctional grist mill dam was removed, and a fish ladder was
installed at the dam on the north end of Narrow Lake in a collaborative effort with the Michigan
Department of Natural Resources.
A Cautionary Note
Because Eaton County’s 2003 certificate was issued to the Board of Commissioners, the standards
imposed by the Eaton County Stormwater Management Manual apply throughout the county,
regardless of watershed. Hence this Manual and the Act 40 Drain: Design and Construction Regulations
Manual will govern requirements for land development or redevelopment proposals submitted to the
Drain Commissioner for approval.
Location of Documents
The Eaton County Stormwater Management Manual which emphasizes design and review procedure,
post- construction practices and best management practice, the Act 40 Drain: Design and Construction
Regulations Manual which provides conveyance design information and addresses, in particular, the
impact of development on county and intercounty drains, and the Soil Erosion and Sedimentation
Control Manual , including Eaton County’s soil erosion and sedimentation control ordinance, are all
available at www.eatoncounty.org/departments/drain-commissioner.
Frequently used references
When used throughout this document, the term “manual” will be a reference to the Eaton County
Stormwater Management Manual which includes design criteria (with deference to the Compiled Rules
for Development) and policy issues.
“Eaton County NPDES Stormwater Permit” or “NPDES Permit” will refer to the certificate of coverage
issued to Eaton County under the general watershed permit and to the new permit to be issued in 2013.
The term “general permit” will be a reference to NPDES General Permit- Storm Water Discharges from
MS4s- Watershed General Permit issued by DEQ on behalf of the Environmental Protection Agency. The
general permit covers all municipalities in the state holding valid certificates of coverage. NOTE:
Beginning in 2013, individual NPDES permits will be issued to municipalities and the general permit will
be discontinued.
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“Act 40 Drain Manual” or “Act 40 Manual” refers to the Act 40 Drains: Design and Construction
Regulations Manual published by the Eaton County Drain Commissioner (always the most recent
publication date).
“Drain commissioner” shall mean the Eaton County Drain Commissioner.
“Act 40 drain” refers to any storm drain established under Public Act 40 of 1956, as amended, the
Michigan Drain Code.
“Eaton County” may refer to the geographic entity, or may be a reference to the Eaton County Board of
Commissioners, depending on context.
“Stormwater Permit” shall refer either to a construction authorization permit issued for development or
redevelopment of a site that is not subject to permitting under Part 91 of Act 451 of 1994 or Eaton
County’s Soil Erosion and Sedimentation Control Ordinance; or a permit issued in conjunction with a
SESC regulated site.
“SESC permit” shall mean a Soil Erosion and Sedimentation Control permit issued under Part 91 of Act
451 of 1994, as amended, in conjunction with or separate from a Stormwater Permit.
Additional definitions may be found in Appendix A of this Manual, in Appendix A of the Act 40 Drain
Manual, and in Section 324.9101 of the Natural Resources and Environmental Protection Act.
Creation and purpose
This Manual was developed to address post-construction storm water controls for development and
redevelopment as required by the General Permit, focusing on water quality issues. It also includes
design standards helpful for meeting stormwater quantity concerns, incorporating information from (or
by reference to) other publications. Because of limiting factors in many of our storm drain, information
from the Act 40 Drain Manual will be used when conducting a formal site evaluation and plan review.
Development of the Manual followed guidelines found in EPA Publication No: 833-R-08-001- Managing
Stormwater in Your Community-A Guide for Building an Effective Post-Construction Program, which was
prepared by the Center for Watershed Protection. It recognizes and stresses the important link
between overall comprehensive land use planning and the more technical components of a stormwater
program. Thus, the practice of incorporating “post-construction” planning into a project from the time
of initial conception is of utmost importance.
This Manual is structured to provide land developers with an overview of Eaton County’s stormwater
management requirements and processes. Design professionals can find information required for
preparing an attentive permit submittal, and the details needed to meet performance standards.
Engineers are also directed to the Act 40 Drain Manual for additional design information.
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Regulated stormwater facilities in Eaton County (those lying within the area designated by the NPDES
permit) are located on both public and private lands. A significant part of the stormwater infrastructure
has previously been constructed by the Drain Commissioner or Intercounty Drainage Board. Other
regulated outfalls (both to the Grand River and to storm drains controlled by other public municipalities)
have been constructed and are owned by the private sector. This Manual provides an opportunity for
continued private ownership while still fulfilling requirements of the Eaton County NPDES Stormwater
Permit.
Organization
To responsibly regulate stormwater infrastructure facilities across political boundaries of the many
municipalities that make up the Greater Lansing region, consistency in basic design principles, quality of
construction, application of policy, procedures for maintaining, and orderly permit processes are all
necessary. The requirements and recommendations in the Manual represent that consistency even
though we recognize that different enabling laws and funding mechanisms require some adjustments. A
goal of the members of the GLRC was to create a nearly uniform process that would enable a developer
to adapt quickly to slight variances in regulations with minimal disruption to the development process.
This Manual establishes the minimum standards that assure quality and consistency in the design,
construction, and maintenance for all stormwater facilities in Eaton County.
What this manual includes
The Stormwater Management Manual is divided into 3 chapters. Chapter I addresses regulatory
authority. Chapters II and III include policy guidelines for developing an acceptable project as well as
technical tools for attaining water quality goals. Where a minimum standard is not expressed, the
design engineer should refer to the Act 40 Drain Manual for guidance and more detailed information.
Modification of this Manual necessitated by changing federal permit conditions, evidence concerning
improvements to recognized best management practices, or as a result of unproductive experiences
encountered during the review process, may be made without prior notice. Any change of significance
will be posted on the Eaton County website (http://www.eatoncounty.org/departments/draincommissioner). Modifications will be addressed administratively.
Chapter II replaces administrative procedures published in the predecessor to the Act 40 Drain Manual.
The policies and procedures that will be followed by Eaton County during the development of a project
include:






iterative processes that will be followed as a project is developed,
administrative requirements and sample documents attendant to the process,
procedures and requirements for timely stormwater plan reviews,
inspection requirements during construction, and
maintenance guidance and guarantees.
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Chapter III contains detailed standards and guidance needed by designers for proper selection and
application of BMPs, as well as guidance for the individual charged with reviewing and approving a
development plan. Some additional design information is found in the Act 40 Drain Manual.
The overriding philosophy of this Manual is that the first step in stormwater management should be an
overall reduction in runoff through onsite management practices. Total elimination of runoff is not
possible so the Manual demonstrates ways to reduce the polluting effect of that runoff. A mix of simple
to more complex BMPs are presented to minimize the amount of pollutants entering our streams and
rivers.
What this manual does not include
No single document can possibly address all stormwater related issues specific to particular county or
intercounty drains. Nor does the Manual interfere with management measures imposed by owners of
other public or private stormwater collection systems. State health law may, to some extent, regulate
how stormwater runoff must be managed. And interference by existing utilities may also affect how
best to address runoff issues. During the site Concept Meeting a list of potentially intervening agencies
or permits will be distributed to assist in the orderly development of a site plan.
This Manual also does not preclude a developer from responsibilities imposed under Eaton County’s
stormwater pollution prevention initiative (SWPPI) or Illicit Discharge Elimination Plan (IDEP) which are
part of the County’s NPDES Stormwater Permit.
Finally, nothing in this Manual shall be deemed to exceed authority granted under any ordinance
approved or subsequently approved by the Eaton County Board of Commissioners.
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PART ONE
REGULATORY AUTHORITY
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The authority to formulate development policies and to take all steps necessary to eliminate pollutants
from surface waters in Eaton County is derived from two primary sources. Other agencies involved with
water quality, such as the Barry-Eaton District Health Department (BEDHD), glean their authority from
separate state laws. The drain commissioner’s office has a history of cooperation with the BEDHD when
suspected or actual sources of pollution are discovered in county drains and streams. In addition, the
Board of Commissioners has ordained that all residential properties served by private waste systems or
wells must be inspected and, if necessary, brought into compliance with current health codes prior to
sale (Time of Sale or Transfer program).

Public Act 40, 1956, as amended (The Michigan Drain Code)
Statutory reference: M.C.L. 280.1 through 280.630
The Eaton County Drain Commissioner is charged with maintaining and protecting an extensive system
of surface and subsurface storm drains. Because of limit capacities, conditions imposed by the drain
commissioner are often more stringent that those of other agencies. Each plan submitted for approval
is reviewed based on physical restrictions imposed by the downstream receiving water or drain.
Eaton County has relied on a design document published in 2003, for guidance related to allowable
discharges and procedures. Originally written in response to a requirement found in the Subdivision
Control Act, the procedures have expanded to cover all forms of land development. The current
publication, referred to as the Act 40 Drain Manual, includes guidelines for designing internal drainage,
technical standards, and permit requirements. Many of its administrative features have been
incorporated in this Manual. However, both continue to be valuable resources to guide the orderly
development of a successful stormwater management plan for a site. Both documents can be accessed
at http://www.eatoncounty.org/departments/drain-commissioner.
Although there are opportunities for enforcement scattered throughout the Drain Code, the provisions
found in M.C.L. 280.421 through 424 are the primary means for assuring pollutants do not enter the
surface waters of the state. In most instances, the drain commissioner acts on behalf of a drainage
district to correct a problem (M.C.L. 280.5).
At the present there are no plans to incorporate either the Stormwater Management Manual or the Act
40 Drain Manual into an ordinance.
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Public Act 451, 1994, as amended (Part 91: Soil Erosion and Sedimentation Control)
Statutory reference: M.C.L. 323.1701 through 323.1714
Prior to 1994, the Soil Erosion and Sedimentation Control Act was a separate statute that gave counties
the authority to control erosion from development sites within their respective jurisdictions. The Drain
Commissioner was designated as the official responsible for plan approval and enforcement in Eaton
County. In 1994, numerous environment laws were combined into a single statute (the Natural
Resources and Environmental Protection Act) and the soil erosion control component was designated as
Part 91.
The original statute required a county to formulate rules consistent with requirements of the law. A
county could also pass an ordinance that included, at minimum, measures at least as stringent as those
found in the statute. Unlike the statute, Eaton County’s Soil Erosion and Sedimentation Control
Ordinance (http://www.eatoncounty.org/departments/drain-commissioner) includes regulation of
disturbances in the areas around wetlands (both regulated and unregulated) and private ponds. Rules
designed to minimize the impact of development on sensitive waters and lands are found in the Soil
Erosion and Sedimentation Control Manual on the website.
In addition, the drain commissioner’s own activities are subject to regulation under an Authorized Public
Agency plan approved by DEQ in 2010.
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EATON COUNTY STORMWATER MANAGEMENT MANUAL

PART TWO
POLICY & PROCEDURES

Important note: The user is referred to the cautionary note found in the introduction concerning conflicts
with Eaton County’s Certificate of Coverage and certain stormwater management techniques found in
this Manual.
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WATER QUALITY MANAGEMENT and DEVELOPMENT – WORKING TOGETHER

“The face of America is changing. Across the country, land is being developed faster than ever before:
more than 2 million acres of open space is converted each year. No longer is there a clear distinction
between urban and rural landscapes. Our metropolitan areas are expanding at an ever-changing rate
into our forests, farmlands, and green space. This accelerated consumption with its resulting
fragmentation of open land is one of the most pressing conservation challenges facing our nation in the
21st century.” (Lawrence A. Selzer – President, The Conservation Fund)
Recognizing and understanding the connection between land use development patterns and water
quality is essential if watershed management planning is to improve the quality of our lakes, streams,
and ponds. Communities across the United States are struggling with land use development patterns
where rural, agricultural, and natural lands are rapidly converted to urban land uses. Commonly
referred to as “urban sprawl”, its negative consequences include the unnecessary destruction and
inefficient use of irreplaceable natural resources and prime agricultural lands; the construction of new
public infrastructure and creation of additional taxpayer liability; the abandonment of existing public
infrastructure and investment; and the fragmentation of communities across large metropolitan areas.
A significant body of scientific research has revealed that the destruction of natural lands and
subsequent conversion of wildlife habitat, prime agricultural land, and open space to buildings, parking
lots, and roads reduces water quality to the point where surface bodies of water have become seriously
degraded and impaired.
Two broad programmatic initiatives- Smart Growth and Low Impact Development- should be considered
in order to better implement post construction stormwater quality controls that achieve measurable
improvements in water quality. Smart Growth strategies address water resource management and
quality at a community-wide and even regional scale, while Low Impact Development addresses water
resource management and quality for specific sites. Smart Growth and Low Impact Development
techniques and strategies can operate independently of one another, but are much more effective when
implemented together.
A) Smart Growth
Stormwater management, low impact development, and smart growth have a shared vision – the
consideration of stormwater as a community asset and amenity. What would happen if runoff was
viewed as a community amenity? Architects, engineers, and town planners, could get creative,
implementing a wide range of site-specific techniques to use stormwater in communities ranging from
one or two blocks of a vibrant main street to several square miles of dense, urban environment. Some
communities have already begun or are planning developments that embrace this idea.
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Unfortunately, many communities assume that low density development automatically protects water
resources. Studies have shown that this assumption is flawed and that pursuit of low density
development can in fact be counterproductive, contributing to high rates of land conversion and
stormwater runoff and missed opportunities to preserve valuable land within watersheds.
Smart Growth is an approach to land use management that attempts to protect the environment,
support local economies, strengthen community, improve public health and quality of life, and promote
sound fiscal stewardship of limited public resources. In order to achieve these broad goals, Smart
Growth policies and programs are framed by 10 principles, most of which bear directly on stormwater
management. These include:
Create a Shared Vision for the Future…and Stick to It
The community planning process should involve all stakeholders and result in the adoption
of land use policies, including stormwater management, which can stand the test of time.
Identify and Sustain Green Infrastructure
Green infrastructure is a community’s system for strategically planned and managed natural
resources, parks and open spaces, and habitats which maintain and enhance the
environment and contribute to the health and quality of life.
Remember that the Right Design in the Wrong Place is Not Smart Growth
The Comprehensive Development Plan for local communities should propose future land
use patterns and implementation tools (such as stormwater management) which focus on
Smart Growth principles.
Protect Environmental Systems and Conserve Resources
Local jurisdictions should review existing land use regulations to determine better
development controls which protect and enhance natural resources, and plan and
implement stormwater techniques which are cost effective and match the future land use
pattern proposed in the plan.
Provide Diverse Housing Types and Opportunities
Smart Growth principles encourage a wide range of mixed land uses, residential densities,
and housing types to accommodate the diverse demographic demand for living space.
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Build Center of Concentrated Mixed Uses
One definition of an appealing community is an emphasis on quality of life issues with the
goal of developing a convenient mix of land uses that meet the daily needs of peoplehousing, schools, stores, services, and amenities. Smart Growth principles envision a mixture
of residential, commercial, office, governmental, educational, and infrastructure which
focuses on more intense development within a smaller geographic area, with good vehicular
and pedestrian access, and which begins to define a sense of place for the community.
Use Multiple Connections to Enhance Mobility and Circulation
One of the main principles of Smart Growth is the need to improve connectivity by planning
for a future network of roads, sidewalks, pedestrian paths, parks, and open spaces.
Deliver Sustainable Transportation Choices
One of the major challenges for suburban communities in Michigan is the ability to provide a
wide range of transportation choices which provide reasonable connections and are
sustainable.
Preserving the Community’s Character and Creating a Sense of Place
Attractive, appealing, and well planned communities improve the quality of life for visitors
and residents as well as attract economic investment. One of the major objectives of Smart
Growth is to create a “sense of place” by recommending a mixed land use pattern which will
be a focal point of more intense residential, non-residential, and community facilities and
services.
Make It Easy To Do the Right Thing
Major barriers to the utilization of Smart Growth techniques are local government land use
regulations. Zoning ordinances, subdivision regulations, and other traditional regulations
tend to create on the suburban fringe, low density, and auto dependent developments.
Smart Growth principles recommend a review of those existing regulations in order to
promote a mixture of land uses, green infrastructure, connectivity and walkability, cluster
development options, and properly supported by a compatible capital improvements
program.

Many communities are incorporating Smart Growth principles in their master plans, and many other
state and national organizations and institutions are using these principles to achieve outcomes that
protect the environment and tight budgets.
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B) Low Impact Development
As stated in the Low Impact Development Manual for Michigan (SEMCOG 2008):
“Low Impact Development (LID) is the cornerstone of stormwater management. LID uses the basic
principle that is modeled after nature: manage rainfall where it lands. Because LID utilizes a variety of
useful techniques for controlling runoff, designs can be customized according to local regulatory and
resource protection requirements, as well as site constraints.”
Rain gardens, rainwater harvesting, and engineered wetland are a few examples of Low Impact
Development techniques that can be used at individual development sites to protect aquatic resources,
improve water quality, and maintain the natural hydrology of a watershed as land use changes occur. As
opposed to collecting and transporting stormwater through drains, pipes, and other means to a
centralized stormwater facility, LID techniques use natural vegetation and small scale treatment systems
to treat and infiltrate stormwater runoff in closer proximity to its origin. LID is an ecosystem based
approach that seeks to design the built environment as a functioning part of a natural ecosystem rather
than existing separate from it.
Implementing an LID approach begins with the local governmental jurisdiction. Existing local
development regulations (zoning and subdivision regulations) can be revised to support and implement
LID principles, and guidelines can be established to be applied during the site plan review process.
Consultation with local agencies such as the Road Commissions and the Drain Commissioners are critical
in establishing such a program. Up front education and consultation with the developers and site
designers are essential in order to implement appropriate LID techniques and maintain their
effectiveness over time.
LID has numerous benefits and advantages over conventional stormwater management approaches that
tend to rely on expensive underground infrastructure to convey runoff. In addition to their
environmental benefits, LID techniques are often fiscally superior to conventional stormwater
management approaches.
Like Smart Growth, Low Impact Development can be implemented by local governments through
zoning, site plan review, and subdivision ordinances. In order to ensure the most effective
implementation of LID possible, local governments should also examine public works and capital
improvements programs for consistency with stormwater management program objectives. Such
reviews can identify opportunities for avoiding unnecessary investments in costly public infrastructure.
Other regulations related to the construction of buildings and public infrastructure that may affect or be
affected by water quality considerations should also be evaluated to ensure that they complement
stormwater management objectives. By utilizing LID techniques within an overall policy framework
informed by Smart Growth principles, a community can better protect water quality and strained public
resources while accommodating development.
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IMPLEMENTATION FOR DEVELOPMENT AND REDEVELOPMENT
The Michigan Department of Environmental Quality (MDEQ) issued their NPDES General Permit “Storm
Water Discharges from MS4s- Watershed General Permit- Permit No. MIG610000” on May 22, 2008.
The permit is part of the National Pollution Discharge Elimination System (NPDES) Phase II Stormwater
Permit program. On June 24, 2009, Eaton County was issued a Certificate of Coverage requiring
compliance with terms of the General Permit. A new, separate NPDES Permit will be issued to Eaton
County in 2013.
The General Permit, in the section entitled Post Construction Water Control for New Developments and
Redevelopment Projects (Part 1, section A(4)(a)(4)) defines minimum post-construction requirements as
follows:
The permittee shall develop, implement, and enforce a program through an ordinance or other
regulatory mechanism to address post-construction storm water runoff from all new and
redevelopment projects that disturb one acre or more, including projects less than one acre that are
part of a larger common plan of development or sale that would disturb one acre or more.
The Section requires a minimum treatment volume standard (water quality volume), and channel
protection criteria to prevent impairment of receiving waters.
To fulfill its permit obligations, Eaton County has adopted the standard defined above for all
development and redevelopment sites throughout the county, including within those permitted
jurisdictions where Act 40 drains serve as the primary outlet for storm water runoff.
A) Special Restrictive Circumstances
Additional restrictions beyond those required by the General Permit may be imposed if it is determined
during review that development or redevelopment will have an adverse impact on downstream channel
integrity, or if any of the following special circumstance exists:






the site occupies all or part of a floodplain; or
the site proposes to occupy or modify an existing wetland (upland and riparian); or
the receiving stream is subject to a TMDL restriction; or
critical areas of concern are identified during planning, including brownfields, wellhead
protection areas, cold water designated streams; or
the Drain Commissioner (or other authority) has determined further restrictions are necessary
to protect an existing drain, or to properly allocate capacity on the basis of land area served by
an existing drain.
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B) Exceptions
In limited circumstances where regional detention has been provided or is in the process of being
implemented, the Drain Commissioner may reduce the design requirement for channel protection
criteria provided:




there is demonstrated capacity in the regional facility to accommodate the additional runoff
storage volume generated by a site, thereby affording protection for downstream receiving
waters;
the flow path from the site under development to the regional facility is enclosed with no
possibility of channel degradation; and
the minimum treatment volume is achieved on the development or redevelopment site itself.

Under no circumstances will the minimum treatment or water quality volume be reduced except as
allowed through stormwater credits (see Section E for information concerning credits).
Requirements of this Manual do not circumvent a developer’s responsibilities under Part 91, Act 451 of
1994, as amended. Thus, while a site containing less than one acre-- or a disturbance area of less than
one acre-- may not be regulated under post-construction standards, it may still be regulated under the
Soil Erosion and Sedimentation Control Act, and the county’s Soil Erosion and Sedimentation Control
Ordinance (ordinance #05-02-16).
Any site required to meet the conditions imposed by this Manual must first obtain final approval for a
Stormwater Permit prior to being issued a Soil Erosion & Sedimentation Control Permit and/or a building
permit.

C) Redevelopment Criteria
The purpose of this publication is to identify procedures for orderly land development that will:




reduce peak storm discharges and minimize physical impact on our streams,
maintain a healthy, uniform base flow in the receiving stream, and
improve upon overall quality of stormwater runoff.

The Manual, as well as the Act 40 Drain Manual adequately address standards and practices that apply
to all development properties. At the same time however, because of potential benefits that can be
realized by re-thinking the entire design process in terms of outcome, the issue of redevelopment of
existing sites must also be addressed.
The term “redevelopment” refers to any alteration of a property that changes the footprint of the site or
a building on the site in such a way that there is a disturbance equal to or greater than one (1) acre. The
term does not include such activities as exterior (facade) remodeling.
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Although the process for implementing either a development or redevelopment project is nearly
identical, there are distinctions. To understand those differences the term “pre-development” must be
defined. Pre-development refers to a condition that exists at the moment, before the shovel hits the
ground. The pre-developed condition for a new build may be an open meadow with a particular set of
hydrologic characteristics. At a re-build site, pre-development characteristics may include extensive
amounts of already impervious surfaces that often contribute to impaired water quality and off-site
flooding.
The Drain Commissioner has historically assigned low coefficients of runoff to “vacant” sites associated
with new development. Slight variations exist for each hydrologic soil group, but the runoff targets
enable development of strategies to minimize hydrologic change as impervious surfaces are added to
the landscape. Thus the pre-developed runoff amount and rate doesn’t change, regardless of intensity
of development. Typically this approach has involved some form of on-site detention with controlled
release to a stream or storm drain. See Part 2, Design criteria for storm water management systems in
the Act 40 Drain Manual for Eaton County’s design standards.
For a redevelopment project, the goal is not to duplicate conditions but rather to actually reduce
pollutant loading and peak discharge to a level below that which already exists. For much of the existing
developed land in the county, onsite detention has been poorly designed because of inadequate policy,
or is under-utilized because of physical changes occurring since initial development. In most instances,
there never was a detention requirement. Therefore, if a site already has a high percentage of
impervious surfaces, the focus should be to identify strategies that actually increase perviousness,
including practices that promote water quality improvements.
In those parts of Eaton County where opportunities for redevelopment exist, the result is often
piecemeal because adjacent parcels may still exhibit the shortcomings of earlier policy. However, a
uniform approach to redevelopment will lead to improved water quality, as well as reduce the need for
larger and more efficient storm drain systems.
To achieve its redevelopment goals and to protect its storm drains, Eaton County requires at least a
twenty-percent (20%) reduction of impervious area at all sites where redevelopment is proposed if
existing (pre-developed) imperviousness exceeds seventy-percent (70%) of the site. Note that the
required reduction could result in total imperviousness below the 70% threshold. Reducing
imperviousness will not generally affect required detention volumes or times although application of an
appropriate BMP may allow certain credits for water quality treatment.
Improving stormwater runoff controls at a redevelopment site requires a more innovative approach
than might be employed at a location where parcel boundaries or existing utilities present fewer
obstacles. Besides typical onsite structural and non-structural BMPs, off-site systems and fee-in-lieu
options may be available. Re-developers especially should be aware that the Drain Commissioner may
impose additional restrictions if downstream drainage is significantly impaired.

20

D) Single Family Lot Criteria
Only those developments where disturbance exceeds one (1) acre are normally subject to postconstruction stormwater management requirements. Construction permits for single family residential
lot development will generally be reviewed and issued under the county’s Soil Erosion and
Sedimentation Control Program. However, if proposed activity at a small site will impact a floodplain,
wetland, river, lake or stream, more restrictive post construction standards will be applied.
The preferred stormwater management control method on single family lots is to utilize non-structural
stormwater BMPs to the maximum extent possible. These include downspout disconnects, filter swales
and infiltration beds. Structural BMPs may have to be utilized when site conditions exist which allude
compliance with non-structural BMPs alone. Applicability and selection criteria for non-structural and
structural BMPs suitable for small lots are included in the Design chapter of this Manual.
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PLAN REVIEW PROCEDURES
Good stormwater management does not begin after land has been disturbed but rather well in advance
with a formal process envisioning the final design concept, and how measures for controlling runoff can
both protect our surface waters and enhance physical appearance. Creative ideas regarding low impact
development, smart growth, and other responses to environmentally sensitive issues are often
overlooked when design precedes a thorough analysis of all attributes of a site. A design that fails to
take into account the cumulative effect of changes that will result (both practical and esthetic) is
incomplete.
Decisions about lot layout, building density, locations of public rights-of-way, and structural design
elements should not be made until all non-structural issues related to site hydrology, protection of
sensitive areas, preservation of open space, and other factors impacting stormwater runoff quality and
quantity have been explored. To address these issues, Eaton County requires an informal design
concept meeting before it will consider reviewing a set of construction plans. A series of checklists will
be made available to the developer or developer’s engineer at that meeting setting out all subsequent
requirements for site plan approval.
Many of the non-structural practices are identified during the process of formalizing a concept for
design can be employed during the “pencil to paper” phase, often reducing the need for (and extra costs
associated with) structural practices for storing and treating stormwater runoff.
1) Developing a Site Concept
Various non-structural stormwater management issues should be considered by the developer during
the initial project concept phase of a development, including:
a) Document pre-development hydrological conditions
One of the goals of comprehensive site planning is to try to reproduce the full spectrum of existing
hydrologic conditions both on-site and in downstream receiving waters. Peak discharge and travel time,
runoff volume, infiltration capacity, base flow, groundwater recharge, existing detention, and
maintenance of water quality must all be considered. This level of documentation can only be
accomplished early in the site planning process. Hence, one of the documents expected to be produced
at the design concept meeting with county officials will be an inventory of these features for the
existing, undisturbed site.
b) Establish Goals for Reducing Site Imperviousness
Generally speaking, comprehensive stormwater management planning emphasizes minimizing the
extent of imperviousness. New development requires runoff controls that, as a consequence, limit
runoff to levels already existing, or even reduce runoff volume and peak discharges because of
downstream physical restrictions. The goal for redevelopment of an existing developed site should
likewise be to reduce overall imperviousness, even if there are no limiting downstream conditions. Lack
of pervious surfaces with both filtering and infiltration capacity is the primary cause of accelerated
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runoff and resulting erosion. Increasing the extent of pervious surfaces is therefore the single most
effective means for reducing runoff volume. To maintain pre-development hydrological site conditions
the development should take into consideration the following:
1. Road length. Minimize subdivision roadway length by using a roadway layout with the
shortest length of pavement suitable for site topography and other planning goals.
2. Road width. Maintain minimum street width by restricting parking to one side, or by
eliminating on-street parking altogether. Replace standard curb and gutter with roadside
grassed swales. Pavement and right of-way width must still meet minimum standards of the
Eaton County Road Commission, and must accommodate safe travel and emergency vehicle
access.
3. Rooftop area. Reduce overall impervious rooftop area by minimizing building footprints or
by utilizing green roof technology. Consider multiple stories to reduce imperviousness for
residential and commercial development layouts.
4. Driveways. Where permitted under local ordinances, reduce paved driveway area by
incorporating shared access, by limiting driveway widths, by incorporating pervious
pavement, or by reducing building setbacks.
5. Parking areas. For commercial sites, reduce overall imperviousness by providing spaces for
compact car and minimizing stall dimensions, eliminating excess or unnecessary paved
spaces, utilizing shared parking, incorporating efficient traffic flow and parking areas, and by
using pervious materials in spillover parking areas. Where applicable, consider multiple
story parking structures.
6. Existing and proposed site vegetation. During construction, as much predevelopment
vegetation should be maintained as possible. Final landscaping could include shallow
grassed roadside swales, and sunken islands in boulevards and parking lots. Set aside
sensitive areas identified during conceptual design as natural areas to fulfill open space
requirements. Undisturbed areas can also be set aside to preserve views for individual
homesites, and to enhance privacy.
7. Protection for natural buffers and drainage ways. Maintaining a dense vegetative cover
adjacent to surface waters is the most effective tool for preventing streamside erosion and
surface water degradation. At greater distances from sensitive areas, disturbance of dense
vegetative cover yields the greatest hydrologic change in terms of controlling erosion.
Wooded areas with understory plants are the most absorbent type of cover in a landscape
setting. Destruction of such vegetation adds significant expense to the construction budget
(cost of clearing, temporary controls and restoration), and destroys many aesthetic and
economic attributes of a site. A well designed site plan preserves large areas of existing
dense vegetation.
8. Reducing direct connections between impervious surfaces. Runoff from downspouts and
driveway connections should, where feasible, be directed to pervious areas (across lawns,
through planters, to roadside swales, etc.) before entering the storm system. Diverting
runoff from downspouts to filtration beds qualifies for a Water Quality Credit (see Section K
of this Manual). Promoting infiltration between impervious areas (as part of the overall
stormwater conveyance system) likewise impacts runoff velocities.
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c) Confine development and construction activities to the least sensitive areas
It is extremely important to avoid construction in critical areas, and to plan development around them.
To protect critical areas, site planning should incorporate, as a minimum, the following concepts:
1. Avoid construction in and adjacent to natural drainageways. Construction in natural
drainageways destroys the stabilizing effect of natural vegetation and often results in
channelization. Natural vegetation destroyed by land changes in naturally occurring
drainageways is difficult to re-establish. Because natural drainageways, by their very
nature, contribute amounts of water directly to receiving lakes or streams, they can become
high-energy, high-volume conduits for transporting pollutants if disturbed. A site plan that
includes disrupting natural drainage is unlikely to meet the goal of maintaining predeveloped hydrologic conditions. Protect existing vegetation to the maximum extent
possible.
2. Avoid construction on steep slopes. Steep slopes create greater potential for erosion.
Gravity and reduced friction between particles require less water movement to dislodge and
transport soil. Severe slopes also limit where a building can be economically constructed.
Good planning avoids placing buildings or streets on slopes exceeding 1’(v):2’(h). If possible,
and to minimize expense associated with erosion control, slopes should be maintained at no
greater than 1:3.
3. Preserve porous soils. Site planning should include identifying and preserving areas of
highly porous soils. These areas provide opportunities for infiltration without extensive
construction, and may significantly reduce the amount of land committed to detention
facilities. During construction, areas set aside for infiltration should be fenced to prevent
compaction.
4. Avoid disturbing erodible soils. When denuded of vegetation during construction, areas
with easily eroded soils can yield large volumes of transported sediment. By identifying and
avoiding highly erodible soils, significant erosion and sedimentation problems can also be
avoided. The developer must be aware that after stripping away the protective layer of
topsoil, the subsoil below presents an entirely new problem for control as much of the
underlying soil layer in Eaton County is clay-like.
5. Protect existing wetlands. Wetlands provide many water quality functions, including
nutrient retention, filtration, habitat, and storage for floodwaters. Approximately 30% of
Michigan’s threatened and endangered plants, and approximately 60% of the 65 threatened
and endangered animals, are wetland species. Thus, in addition to flood control, it is vital to
protect these delicate habitats.
Part III of this Manual under the section titled “Special Criteria for Sensitive Receiving Streams” includes
additional information on dealing with environmentally sensitive sites within Eaton County.
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d) Fit the development to the terrain
Choose road patterns which encourage access schemes that match existing land form. Connectivity is
encouraged wherever possible, pursuant to local ordinances, but short loops and/or cul-de-sacs may be
employed in cases where roads are truncated by natural or manmade features.
This type of approach results in road patterns resembling the naturally branched patterns of ridge lines
and drainageways. Respect for the natural diversity facilitates development that complements the
landform and minimizes disruption of existing grades and natural drainage.
e) Preserve and existing natural drainage systems
Where practical, avoid placing pavement and other impervious surfaces in low swales or valleys by
locating streets and parking areas higher in the landscape and along ridge lines. The traditional practice
of locating traffic corridors in low areas (where drains are typically constructed as well) does, in fact,
create both point and non-point pollution.
An example of this type of environmental deficit would be curb-and-gutter development in low and
medium density residential subdivisions. Curbs are widely held to be a signature of quality
development-- they provide a neat, "improved" appearance and delineate roadway edges. Because
raised curb lines trap runoff on the street, storm inlets and drains are a logical solution for providing
adequate drainage. As a result of such thinking, many municipalities require storm drains and curbs in
the subdivision streets they approve.
This approach, unfortunately, creates significant storm water management problems when viewed in
the broader context of devising an environmentally sound land development scheme. Storm drains
operate on gravity flow principles so their efficiencies are maximized when they are located in the
lowest areas of a site. Since enclosed drains are the preferred technology for curbed streets, a natural
response is to locate the streets where the drains are most effective. Consequently, vegetative cover in
the most hydrologically critical areas of the landscape is replaced with impervious pavement. Natural
filtration capacity is lost in some of the most strategic locations.
Further, storm drains are usually designed only for short duration, high frequency storms with flood
flows handled on the surface. This often means that natural, vegetated floodways which were
converted to impermeable streets and gutters move water at higher velocities. This combination results
in a receiving watercourse that is "flashy", has increased peak discharges and, to some extent, higher
runoff volumes. As natural waterways are paved and incorporate drain systems designed for rapid
removal of surface water, channel storage time, base flow conditions and opportunities for groundwater
recharge are all reduced. The net effect of a seemingly beneficial decision to require curb and gutter
can inadvertently cause nonpoint source pollution in water resources.
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Besides reducing gross square footage of impervious surface, a drainage system that utilizes ditches and
swales reduces flooding within the traveled portion of a roadway. Roadside ditches provide temporary
surface storage, opportunities for infiltration, filtration to remove coarse debris, and improved
performance of in-line sediment removal systems.
Another benefit to a curb-and-gutter alternative is improved removal of trace metals, hydrocarbons and
fuel deposits from road runoff. In a channelized (curb and gutter) situation, the sediments to which
many of these pollutants are attached remain in suspension, or are deposited on the roadway where
they are re-suspended during subsequent runoff events. Surface drainage across a vegetated surface at
reduced velocity promotes deposition of sediment, trapping many undesirable pollutants in the root
zone of plants. Nutrients from lawn areas can also be removed by direct contact with plant roots and
soil surfaces.
Linear wetlands may function in the same manner as a channelized stream except that they generally
provide additional flood protection. Like a stream, they must be protected against pollution and from
peak discharges that alter their hydrology. By protecting a wetland with effective methods for
pretreatment, and by maintaining discharge from a development site that mirrors pre-development
characteristics, these sensitive environments can be easily protected. Refer to Part III of this Manual for
additional information about wetlands.
When vegetated drainageways are addressed as a component of an overall drainage system, flood
volume, peak discharge, and base flow can be held closer to a pre-developed level. Trace metals,
hydrocarbon and other pollutants have a greater opportunity to bind with the soil through natural
processes. Opportunities for infiltration contribute to reduced runoff volumes while promoting nutrient
removal.
f) All BMPs should be chosen using a "treatment train" concept
A treatment train is defined as a series of linked BMPs targeting specific pollutants in the runoff stream.
Each BMP should be chosen for its ability to remove or limit specific pollutants, and/or its ability to help
regulate changes in hydrology. A simple example of a treatment train might begin with runoff from a
parking lot, flowing through a level spreader (velocity reduction plus limited sediment removal) to a
two-stage wet detention pond (coarse sediment removal, deposition of fine particles and biological
uptake of nutrients), and ultimately discharging to an infiltration basin or trench (promotes base flow in
the nearby stream and thermal control).
As the preliminary concept for development of a site is explored, other issues of concern can be
identified and solutions incorporated into the final design.
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2) Conceptual Site Plan Meeting with Eaton County Staff
Eaton County requires land developers to schedule an informal Concept Meeting to promote sound
environmental planning and avoid unnecessary delays. All professionals who will be involved in the
development and execution of a development site are encouraged to attend. The meeting typically
includes the following:







The developer provides a sketch of a proposed plan on a topographic or photographic sheet at a
scale large enough to identify areas of concern. Free interchange of ideas will be encouraged,
and supplemental material, if deemed pertinent to addressing design concerns, may be
provided by the Drain Commissioner.
General requirements of the Eaton County Drain Commissioner are discussed to facilitate
preparation and submittal of a site development packet.
Special design requirements that may apply to the site can be discussed and potential solutions
identified.
Highlights of Eaton County’s stormwater management standards as well as any requirements
specific to a particular drain will be explained.
Formal checklists will be furnished to guide development of an acceptable plan. The lists
address the approval process, plan sheet requirements, technical submittals, an inventory for
development of a required maintenance covenant, permits required, requirements mandated
by the Drain Code and related rules of the Drain Commissioner where applicable, compliance
with Part 91 of Act 451 of 1994 (soil erosion), and a schedule of fees attributable to approval.

Following the Concept Meeting, the developer will be provided with copies of all notes. Addressing
items discussed at a Concept or any subsequent meeting between Eaton County and the Developer or
Developer’s Engineer, does not guarantee final approval should additional information become
available, or be required, as the plan is fully developed.
3) Preparation and Submittal of a Stormwater Management Concept Plan
After a Developer has inventoried and evaluated a site, developed an initial concept, and met with Eaton
County staff to discuss conceptual design, a written Stormwater Management Concept Plan must be
submitted. The Concept Plan can be an informal document, but must include all of the following:







Whether or not the site is regulated under Eaton County’s Soil Erosion and Sedimentation
Control Ordinance (the ordinance affects development or redevelopment disturbing more
than one acre, as well as any project of smaller size if it is part of a large development that
exceeds the one acre threshold).
The intended outlet for stormwater runoff from the development.
Names of local agencies from which approvals must be sought and the character of those
approvals.
State or federal permits that must be obtained.
A site assessment based on results of the site inventory and evaluation, including challenges
posed.
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Identification of any natural resource systems that must be protected, including floodplains,
riparian areas, wetlands, natural and manmade drainage ways, soils and topography,
geology, adjacent groundwater supplies, vegetative cover, and other sensitive areas
identified during the Concept Meeting.
Low Impact Development principles which are being incorporated into the site development
(woodland and wetland protection, clustering, minimizing impervious areas, etc.).
Non-structural stormwater management practices as noted (Stormwater Credits for Water
Quality) that will be incorporated into the site development (disconnects. stream buffers,
etc.), and whether any credits will be sought.
A proposed list of structural BMPs that will be incorporated into the final design to meet
stormwater quantity and quality requirements. Because a Management Concept Plan is
only intended to familiarize the Drain Commission or his staff with the methods used by the
Developer to reach goals iterated at the Concept Meeting, drainage calculations are not
required until actual construction plans and specifications are submitted for review.
A list of BMPs which will be incorporated that will require implementation of a Maintenance
Covenant and assignment of permanent easements.

The Stormwater Management Concept Plan must be submitted to Eaton County for review prior to
proceeding with preparation of detailed plans and specifications.
Stormwater Management Concept Plans should be updated as appropriate to reflect changes in design
or field changes incorporated during construction. All changes require prior approval from Eaton
County.
4) Preparation and Submittal of Preliminary Plats or Site Plans
A preliminary plat for a subdivision shall conform to requirements of Act 591 of the Public Acts of 1997,
as amended (the Land Division Act), and additional requirements listed under Act 288 of the Public Acts
of 1967, as amended (the Subdivision Control Act). The standards listed therein also apply to other
types of submittals, including:
 private roads,
 condominium plans (Act 59 of the Public Acts of 1978, as amended),
 mobile home park plans (Act 96 of the Public Acts of 1987, as amended),
 applications for direct discharge to a county or intercounty drain,
 road projects (Act 51 of the Public Acts of 1951, as amended),
 drainage projects (Act 40 of the Public Acts of 1956, as amended), and
 a development located within urban area as defined by the Environmental Protection Agency
pursuant to the Clean Water Act.

All plans shall be prepared under the direction and sealed by a registered professional engineer,
registered land surveyor or landscape architect. Two (2) sets of plans (the SESC plan should not be
submitted at this time) are required, drawn to an engineered scale no smaller than 1" = 200' on 24” x
36” paper. If arranged in advance, plans may be sent as PDFs. The Dain Commissioner reserves the right
to forward electronic or printed plans to an engineer of his/her choosing for review. The plan shall meet
the following standards:

28

a) General site plan requirements
Three copies of the preliminary site plan shall be submitted with a letter of transmittal requesting that
the preliminary plan be reviewed and, if found satisfactory, approved. The names of the applicant and
engineering or surveying firm with mailing addresses, telephone and fax numbers for each shall be
included with the transmittal. If the applicant is not the landowner, satisfactory evidence shall be
presented that the applicant has authority and is acting on behalf of the owner. ALL PERMITS ARE
ISSUED TO THE LANDOWNER OF RECORD.
The preliminary site plan shall include the location of the proposed development site with reference to
the section and part of section in which the parcel is situated, the name of the township, city, or village,
a legal description of the site, the number of acres proposed for development and a supplementary
location map with north arrow sufficient for locating the property on Eaton County tax parcel maps.
Topographic information (contours) shall be provided on the drawing(s).
b) Plan content requirements
All on-site and off-site pertinent factors, the existence and description of which might be of value in
determining overall requirements, shall be included. All of the following shall be considered, as well as
any site specific restrictions that might impact development:

adjoining roads, subdivisions and other development,

schools, parks and cemeteries,

railroads or other transportation corridor development,

drains (public and private), sewers, water mains, septic fields and wells,

high tension power lines, underground transmission lines, gas mains and service leads
where applicable, pipelines or other buried utilities,

natural and manmade water courses, wetlands and wetland boundaries, floodplains, lakes,
bay and lagoons,

existing utilities; storm drains, sanitary sewers, water main, telephone, and cable or fiber
optic lines,

designated natural areas,

existing and proposed easements,

known or suspected environmental contamination including spills, USTs, etc.,

soil classification boundaries USDA/NRCS Soil Survey of Eaton County, Michigan overlaid on
the plan sheet,

any proposed environmental mitigation features or groundwater recharge areas, and

any known areas of contamination.
Soil borings may be required to confirm support for structural integrity of a storm drain or facility, and
where infiltration facilities are to be located. In addition, depth to the groundwater table shall be
confirmed beneath all stormwater basin locations.
In as much as improper utility easement location can result in a change in plat layout, the Applicant is
advised to consult with the respective utility companies before presentation of a preliminary plan for
approval.
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c) Horizontal and vertical control
All site plans shall be tied to a Section Corner. Drain centerline surveys and easements (where
applicable) and maintenance easements shall likewise be tied to a Section Corner. Contour information
in two-foot intervals with North American Vertical Datum of 1988 (NAVD 88), or most current national
datum, shall be superimposed on the plan.
d) Watershed identification
A separate or integrated U.S.G.S. 7.5-minute quadrangle map showing the drainage area tributary to the
outlet from the proposed development and its relationship with existing drainage patterns shall be
provided. All contributing land surfaces must be included in drainage calculations and basin sizing.
e) Phased development and Preliminary plat approval
In all instances where phased development is anticipated, the original preliminary plan shall include the
proposed general layout for the entire development. Each phase shall be clearly superimposed on the
preliminary site plan as it is submitted for approval. The outlet of the drainage systems serving the site
shall be constructed during first phase development.
The final acceptance of a subdivision that is a partial development of a larger general layout does not
automatically insure final acceptance of the overall layout. The intent is to permit some flexibility in the
overall layout if future conditions make it desirable or necessary to make adjustments or changes.
Pursuant to the Subdivision Control and Land Division acts, approval of a preliminary plat for a
subdivision must be renewed twenty-four (24) months after formal approval is granted by the Drain
Commissioner. Approvals for all other site plans and preliminary construction plans will be effective for
a period of twelve (12) months.
f) Project and stormwater management narrative
The preliminary plan shall be accompanied by a text description of 1) the features and characteristics of
the project; 2) anticipated impacts on stormwater runoff patterns and characteristics; and 3) the ability
of non-structural and structural BMPs incorporated into the project features to support the
requirements of Eaton County’s stormwater management program as outlined in this manual.
g) Drainage requirements
The preliminary plan must include the general drainage scheme for the entire proposed development or
the plan will be rejected. The general drainage scheme shall indicate how storm drainage will be
provided and identify the outlet. Preliminary drainage calculations prepared by a Professional Engineer
shall show that the proposed BMPs will result in post-construction stormwater discharges that meet all
the requirements of this Manual. The Drain Commissioner may employ the services of a professional
engineer to review the information submitted. Costs incurred will be paid by the Developer before a
construction permit will be issued.
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Drainage proposed for subdivisions shall consider established watershed districts, natural drainage
patterns and community master plans. The design shall consider the effect that proposed drainage from
the site will have on the entire drainage basin. The engineer shall demonstrate adequacy of the
stormwater outlet from the development. The preliminary plan shall include hydraulic information for
any proposed or existing off-site conveyance to a county drain or water body.
h) Easement requirements
Permanent drain easements are required for all publically maintained drains from the point of discharge
to a river, stream or county drain upstream to the source. Permanent access and maintenance
easements are also required for maintenance of privately- owned stormwater BMPs. Refer to Deeds of
Easement in this Manual for more information.
Easement widths for legally established County Drains are established by the Eaton County Drain
Commissioner. Information provided in this Manual may be used as a guideline but, depending on
alignment, soil conditions, and construction requirements, additional easement widths may be required.
All easements shall be shown on the final preliminary plan, the final construction plan, and on the final
Mylar® record drawing. Public storm drain easements shown on final subdivision plats shall be as
labeled as follows: “Permanent private easement for Eaton County Drain”.
Eaton County and the Eaton County Drain Commissioner reserve the right to require modification of an
easement description to address maintenance or conveyance issues.
i) Notice of plan approval or request for resubmission
If the proposed preliminary plan as submitted meets all requirements of Eaton County and the Eaton
County Drain Commissioner, one approved copy of the preliminary plat (for subdivisions) will be
returned. Approval of the preliminary plan for all other types of development may be conveyed in the
form of a letter to the Developer’s engineer.
If a proposed plan is not approved as originally submitted, the Developer will be notified in writing of
the reasons for withholding approval with a request for necessary changes and a revised layout. The
Developer is advised that site plan approval is time dependent, and is tied to physical conditions that
exist at the time of submittal. Failure to follow through with timely corrections to a plan may result in
imposition of additional measures as site plans at other locations in the same district or watershed are
reviewed and approved. After twelve (12) months of inactivity, a new site plan with fees is required.
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j) Additional information required
The ability to construct a project under Eaton County’s NPDES Permit hinges on successful
approval of a stormwater maintenance plan, specific to each site.
When preliminary
construction plans are submitted, the Developer should also submit the following items so that
Eaton County can begin preparing the required maintenance covenant (see discussion
elsewhere in the Manual):
 an updated site inventory if needed
 a title report and letter authenticating title prepared by the owner’s attorney
 a legal description of the property
 a draft copy of the Stormwater Management Maintenance Covenant
 a preliminary O&M Plan specific to the needs of the site
 a description of the designated easements that will be required for facilities located
outside public property (easements will be prepared by Eaton County)
 Any fees required prior to reviewing the preliminary plat or site plan
5) Obtain Required Permits from Appropriate Agencies
A Developer must have obtained all permits and authorizations from all other relevant agencies before a
construction permit will be issued. Some of those considerations are:









Construction activity that disturbs more than one (1) acre of land must meet the federal
requirements of the NPDES permit for construction sites. In Michigan, this coverage can be
obtained from DEQ under the permit-by-rule for construction activities.
Connection to a storm drain owned by another public agency requires approval for both
discharge and connection. The Developer must submit copies of any permits or letters of
approval before a construction permit will be granted.
Work within a highway or street right of way requires approval and a permit from the governing
highway agency.
Stormwater discharges from industrial areas require a NPDES (or state equivalent) industrial
stormwater permit. Activities at industrial sites frequently impact the hydrology and water
quality of an entire watershed. Hence proper management of stormwater at these sites is
critical for meeting requirements of the NPDES Phase II Stormwater Permit.
Wellhead protection / source permits from the state.
Soil erosion and sedimentation control permit. To facilitate an orderly process, erosion control
plans are best prepared after the final construction plan has been approved. Required elements
of an erosion control plan will be distributed at the Concept Meeting.
Other state or federal permits where applicable, including those required for floodplain
occupation or modification, wetland construction, modification or elimination, and dam safety.

Use the Eaton County Permit Checklist distributed at the Concept Meeting to determine permits
required for a development site.
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6) Submission of a Final Site or Construction Plans
The Applicant will submit final construction plans that have been prepared under the direction of, and
sealed by, a Registered Professional Engineer with a request for review. All fees must be paid in
advance. Eaton County or an engineer designated by the Drain Commissioner will review the plans for
adequacy of storm water management design to ensure that the proposed storm water drainage system
has the capacity to handle all contributing flow without diminution of the existing off-site natural
drainage patterns.
Two complete sets of final construction plans shall be submitted. Detailed profile drawings must be
drawn at a scale no smaller than 1”= 50 feet, and shall be submitted on 24’x36” printed sheets.
Information required for an attendant plan
Construction plans submitted for review must include, at minimum, the following features:
a) A cover sheet drawn to a scale of 1” = 100’ that includes the legal description of the property to
be developed, a reduced scale map to identify location in relation to roads or section corners, a
north arrow, the number of acres to be developed, and the proposed routing of storm drains
and locations of proposed control measures. Adjacent streams, water bodies and wetlands shall
be shown.
b) In the case of a phased development, the cover sheet must clearly indicated limits of each
phase, and the number of acres in each. The plan view shall include an onsite benchmark
referenced to a section corner and NAVD datum.
c) A second plan view sheet (1” = 100’) that includes topographic information, internal lot division
lines, streets and parking areas, proposed routing of utilities, locations of drainage swales and
direction of flow, locations of propose BMP control measures, and proposed easements for all
drainage facilities. This sheet in reduced format may be attached to the maintenance covenant
as one of the required exhibits.
d) Plan and profile sheets for all sanitary and storm utilities that will be publically owned must be
provided at a scale of 1” = 50’. Cross sections are required for all open ditches, drainage swales
and basins. If an existing basin will be used as a control measure, a cross section of that facility
must be provided as well.
e) Soils information (from Soil survey of Eaton County, Michigan or from onsite investigations)
must be provided, typically on the SESC plan sheet.
f) A soil erosion and sedimentation control (SESC) plan showing temporary and permanent erosion
control measures, keyed to MDOT or MDMB details. Sufficient detail should be presented to
assure the contractor understands how to properly install and maintain the measures during
construction. The SESC plan must include a construction schedule. Detail may be added when
the SESC permit application is submitted.
g) Drainage calculations tied to a sub-area drainage sheet that shows acres (to nearest 1/10th) or
square feet contributing to each drainage structure, and design criteria for all structures,
channels, basins and other BMPs. Overflow protection must be provide for the 100-year flood
event, and must account for runoff from adjacent parcels.
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h) Topographic information required must be tied to North American Vertical Datum of 1988
(NAVD 88), or most current national datum, and must show existing topography and proposed
grades of the entire area to be developed. To assure proper sizing of internal drains and
facilities, contours must extend off site to cover all contributing land areas. For undeveloped
parcels, a minimum of 100 feet is required.
i) Specifications that will governing construction.
j) A plan and schedule for perpetual maintenance of the complete storm drainage system that
indicates the responsible party. Copies of deed restrictions or municipal agreements that
address perpetual maintenance must be provided for review.
k) A signed and sealed letter from the design engineer that the stormwater management facilities
as proposed meet requirements of the Eaton County Stormwater Permit and this Manual.
Arrangements may be made in advance to submit the materials electronically as PDF files.
submissions (electronic or paper) will be subject to review by an outside source.

All

7) Review and Permit Coverage Timelines
The Eaton County Drain Commissioner will attempt to review construction plans in the shortest possible
time. Eaton County reserves the right to request review by a registered professional engineer. If a
developer has followed procedure, the likelihood of wasted resources preparing an incomplete or
unacceptable plan will be minimized. Final approval of a construction plan remains valid for a period of
twelve (12) months. The expiration date may, at the discretion of Eaton County, be extended if the
applicant applies for an extension prior to expiration.
8) Amendments to a Plan
Construction permits are issued under the assumption that all features of a plan have been thoroughly
reviewed for compliance with requirements of Eaton County. Changes may be made up to the date of
issuance of a SESC permit provided all of the review procedures listed herein have been followed,
including review by an outside engineer where deemed necessary. If the plan for a site changes
significantly, a new Concept Meeting must be scheduled.
9) Part 91, Soil Erosion and Sedimentation Control Plan and Permit
The required SESC plan must be prepared on a separate sheet(s), and include details required by Part 91
and the Eaton County Soil Erosion and Sedimentation Control Ordinance. A checklist of required plan
elements will be distributed at the Concept Meeting. Eaton County’s Soil Erosion and Sedimentation
Control Program is regulated by Part 91, separate from its NPDES permit program. An erosion control
plan should not be developed until all preliminary reviews have been completed. At that time, a SESC
plan and application, with fees, may be submitted to the County Enforcing Agent for review. Refer to
the Soil Erosion and Sedimentation Control Manual on the county’s website for detailed information.
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10) Issuance of a Stormwater Permit
After all contingent permits have been issued a Construction Permit will be issued by Eaton County,
subject to receipt of:
 two (2) copies of the final approve construction plan (may be submitted as PDFs);
 all fees;
 construction surety and maintenance bonds; and
 an approved maintenance covenant, including O&M plan and budget.

During the period when the permit is active, regular inspections will be conducted by County personnel
to assure compliance with this Manual, the Soil Erosion and Sedimentation Control Ordinance, and any
subsequent stormwater ordinances enacted by the Board of Commissioners.
After a permit to construct has been issued, regular inspections by the developer’s engineer are
required to maintain compliance with approved plans. Eaton County personnel or engineering
subcontractors will conduct periodic inspections but those inspections shall, in no manner, eliminate or
reduce responsibilities of the developer or his contractors.

PLAN REVIEW FLOWCHART and NARRATIVE

The follow page consists of a flow chart for the review process that will be followed by Eaton County and
the Eaton County Drain Commissioner. A more detailed narrative follows. Familiarity with this process
will result in fewer unexpected delays, and will help keep Eaton County staff apprised of a developer’s
intentions and scheduling.
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Eaton County

Applicant

1. Materials & Forms Made
Available to Regulated Community
2. Concept
Meeting
4. Submittal Accepted as Complete:
Review Initiated

5. Review & Comment on Concept
Plan

3. Submit Concept Plan, Application
& Fee

iterative

6. Resubmit to Address Comments

7. Concept Plan Approval
8. Submit Preliminary/Design Plan,
Computations, Application & Fee

9. Submittal Accepted as Complete:
Review Initiated

10. Review & Comment on
Final/Design Plan

iterative

11. Resubmit to Address Comments

12. Coordinate with Other Internal
or Local Reviews
13. Verify All Applicable State/Federal Permits for
Work in Streams, Wetlands, and Floodplains
14. Maintenance Agreement Completed & Recorded
15. Performance Bond Calculated & Posted

16. Final/Design Plan Approved

17. Documentation/Tracking for
PlatReview, Inspections &
Maintenance
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1. Materials and forms are
made available to the
developer

The regulated community needs to be informed about what will be
expected. Materials will be distributed at the Concept Meeting that
explain the process, applications and fees, as well as plan content.

2. Concept Meeting with
developer and developer’s
engineer held

An informal meeting to discuss the proposed concept with regulatory
officials is highly recommended, offering an opportunity to ask pertinent
questions and avoid common pitfalls. If low impact development (LID)
principles will be employed, or if stormwater credits may be involved, a
concept meeting is required.

3. Concept plan submitted by
developer’s engineer

4. Submittal accepted by
Eaton County as complete

5. Eaton County reviews and
comments on the Concept
Plan

A Concept Plan is simply basic stormwater design ideas put to paper,
provided to a reviewer for reaction before time and resources are
expended on complex engineered designs and computations. Eaton
County will attempt to coordinate with other agencies to identify potential
conflicts. Some preliminary computations (e.g., impervious area
anticipated, preliminary pre- and post-runoff volumes) are appropriate for
this stage.
Often, stormwater plans go through several unnecessary rounds of review
because the original application is incomplete. Eaton County will check
the concept plan against the checklist distributed at the Concept Meeting
prior to initiating a formal review.
Eaton County will confirm if a proposed design is adequate before
authorizing final design. Critical items to check are whether the proposed
number, type, and approximate size of practices are adequate; whether
critical areas (wetlands, floodplains, streams) are identified and protected
according to standards; and whether other permits (e.g. wetlands) are
likely to be required. If the program allows or encourages low-impact
development or nonstructural credits, the Concept Plan will be used to
identify which stormwater credits will be used in particular locations.

6. Concept plan resubmitted
to address concerns

The comment and re-submittal process is iterative. Ideally, it can be
accomplished in two rounds or less for the Concept Plan stage (two
submittals and two reviews).

7. Concept Plan approved

Eaton County will inform the developer’s engineer if the concept is
approved so that final design may begin.
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8. Final construction plans,
computations and fees
submitted by developer

The Design Plan customarily includes a project narrative, construction
plans, computations, and permit documentation (i.e., certification
statement and seal, and proof of other permits). A separate fee will be
collected for the initial submittal and for each subsequent resubmittal and
review.

9. Submittal accepted by
Eaton County as complete

Eaton County will check the plan against the Design Plan checklist to verify
that it is complete prior to initiating review.

10. Review & comment on
final design plan

This is the detailed review to verify compliance with all standards in the
ordinance and design manual. Critical elements are computations, proper
sizing and locating of BMPs, materials and specifications, protection of
critical areas, and coordination with erosion and sediment control plans.

11. Resubmittal by
developer’s engineer to
address comments

This step is, again, an iterative process. Two rounds are generally
sufficient for most approvals if the Concept Plan successfully establishes
basic, agreed-upon parameters for design.

12. Coordination with other
public agencies

Coordination with other agencies or departments should be an ongoing
process so that BMP designs, LID measures, and stormwater credits can be
considered early in the review process. A list of potential regulating
agencies will be distributed at the Concept Meeting.

13. Verify Applicable State
&Federal Permits

Often multiple agencies are looking at the same site plan for different
reasons, and in many cases there are no formal means to coordinate their
responses. See the list of potential regulating agencies distributed at the
Concept Meeting for guidance.

14. Maintenance agreement
recorded

15. Performance bond
calculated & posted

A maintenance agreement obligates a responsible party to ongoing
maintenance of BMPs, and will be recorded with the Register of Deeds by
Eaton County.
A performance bond or surety is posted as a financial guarantee that the
BMPs will be constructed as approved, and that SESC measures will be
maintained during construction. A performance bond must be posted
prior to issuance of a permit.
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16. Final design approved for
construction

17. Documentation and
tracking

After all maintenance agreements, easements and performance bonds are
in place, Eaton County will issue written approval to proceed, typically but
not always in the form of a SESC permit. The approved plan will be used
by Eaton County to guide inspection procedures during construction.
Inspections during construction will be documented. Eaton County
inspectors will be fully appraised of the manner and methods of controls
installed on a site. The developer too must conduct regular inspections
during construction. Those records will be subject to periodic review by
Eaton County.
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Transferring an Approved Project for Construction and Inspection

An important step in the development process is the formal transfer of responsibility for a project from
the owner or owner’s engineer to a construction contractor and an on-site inspector. Although the
process tends to occur naturally, information that was assembled as the project was developed is often
overlooked. The result is potential delay as inconsistencies are encountered during construction.

Documents that should be part of a transfer package include the following (in printed or electronic
format):
a) information about the project, including utility contact information, names and contact
information for the owner or developer, contractor and subcontractors, design engineer and
construction inspector;
b) file tracking numbers, and location of inspection files;
c) contact information for the individual who conducted the plan review;
d) a list of approved structural and non-structural BMPs with reference to locations;
e) design details not shown on a typical construction plan (may instead be in the printed
construction manual).
f) copies of stormwater credits issued for the site, including a brief explanation of each
(including protective measures required);
g) a copy of the entire layout that shows contributing drainage, easements over constructed
facilities (to prevent conflicts), and access easements;
h) a copy of the maintenance agreement and any associated maintenance plans; and
i) construction contracts and performance bonds.
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MAINTENANCE COVENANTS and PLANS

To comply with its NPDES Stormwater Permit, Eaton County requires that the Owner of a
property undergoing development or redevelopment enter into a binding agreement
guaranteeing maintenance of approved stormwater facilities for as long as they remain integral
components of an overall stormwater management plan. A maintenance covenant addresses
individual BMPs (structural and non-structural) as well as the overall stormwater structure of a
site. Maintenance covenants are prepared in a form acceptable for recording in the office of
the Eaton County Register of Deeds. All agreements, covenants and easements attendant to
this Manual, including legal documents required under the drain commissioner’s Act 40 Drain
Manual, will be prepared by Eaton County, subject to review by corporation counsel. The
signature of the Drain Commissioner or other county official shall be proof that all
requirements of the document in question have been addressed. The covenant example found
under Documents in this section of the Manual will be the basis for completing all covenants.
A maintenance covenant consists of three components: a formal agreement binding current
and future owners to a process assuring perpetual maintenance of storm water treatment
facilities, permanent easements granting Eaton County access over a site for inspections and
emergency operations, and an operations and maintenance plan (O&M plan) that details
requirements for adhering to the agreement.
1. Requirements for Privately Maintained Facilities
Prior to final approval of a Maintenance Covenant by Eaton County, the owner must submit a
Site Inventory Checklist (see Appendix D). A blank copy of the Inventory checklist will also be
distributed at the Concept Meeting. This document must be completed and submitted with the
preliminary design plan. Eaton County requires an attentive document as a condition for
initiating formal review.
The site Inventory brings together physical characteristics and legal information about the land,
and identifies the parties and individuals who will be active in the site development process.
Specific items that must be included with a site inventory will be identified during the Concept
Meeting. Eaton County reserves the right to restrict or to require additional information based
on discussions occurring at or after that meeting, and may utilize the information to enhance its
GIS or other records for the site.
The Drain Commissioner will prepare a Stormwater Management Maintenance Covenant that
fulfills requirements of Eaton County’s NPDES Stormwater Permit. At minimum, the covenant
will provide for:
 Maintenance practices consistent with an approved facility specific O&M plan, including
method of financing.
 Perpetual access by the Eaton County Drain Commissioner for inspections and for
maintenance enforcement.
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Reimbursement to Eaton County for work performed as a result of an emergency
condition or failure by the landowner or association to follow the O&M plan.
Provision for transferring jurisdiction to the Eaton County Drain Commissioner in the
event the landowner or association consistently fails to comply with the approved O&M
plan, or the property goes into foreclosure.

An example of a Stormwater Management Maintenance Covenant can be found under
Documents in this section of the Manual.
2. Requirements for Publicly Maintained Facilities
Unless agreed to in advance, a stormwater management facility that receives runoff from an
existing or proposed public right-of-way shall become a publicly- maintained facility (PMF).
Although local municipalities may operate and maintain a PMF, in most instances the facilities
will be established as public drains through the Michigan Drain Code. Requirements for
establishing drainage facilities, including associated BMPs, will be discussed at the Concept
Meeting.
A preliminary operations and maintenance (O&M) plan shall be submitted with the application.
The applicant must demonstrate that the Drain Commissioner can physically achieve O&M
objectives. This typically involves construction of maintenance access roads and/or dedication
of public access easements.
Landowners building treatment facilities that will eventually be incorporated into the county
drainage system will be responsible for maintenance of all storm water BMPs, including
associated vegetative components, for a period of one (1) year following final certification by
the engineer (i.e. the warranty period). Before the warranty expires, the O&M Plan will be
modified by the developer’s engineer as needed to address any problems encountered during
the ensuing warranty period. Final acceptance of the PMF will be subject to approval of the
modified O&M Plan by the Drain Commissioner.
3. Operation and Maintenance (O&M) Plans
An essential part of any successful stormwater management plan is a procedure to maintain
the various components of the drainage, control, and conveyance systems. Failure to provide
effective maintenance changes hydraulic capacities and pollutant removal efficiencies of BMPs
and reduces their service life. It is inevitable that deterioration of the infrastructure will begin
to occur when it becomes operational so the question is not whether system maintenance is
necessary but rather what must be done and how often. The following items will be helpful for
development of an effective stormwater O&M plan.
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Operations and maintenance plans are subject to failure. Factors cited most often that
negatively influence a site- specific stormwater maintenance plan include:
 Insufficient funding
 Lack of information about the physical locations of system components, or of the
components themselves
 Lack of trained and dedicated inspection staff
 Component designs not conducive to easy maintenance
 Lack of enforcement
 Land owners being unaware of maintenance responsibilities
The successful implementation of an O&M plan can be influenced by several factors. The six
recognized components of a quality operations and maintenance plan include:
 A quality inspection program during construction
 An accurate site map showing physical location(s) and final details of all BMPs
 Event- based and scheduled maintenance inspections
 Performance evaluation inspections (includes measurable goals)
 Trained personnel and written assignments
 A dedicated source of funding
An effective operation and maintenance plan must include detailed information about
everything that is unique to a site. The O&M Plan needs to identify maintenance activities
required for control methods, provide a description of the function of each device, and include
appropriate schematics when needed.
A) Operations and Maintenance Plan Development Guidelines
Basic components of an effective O&M plan
1. An annual budget summarized by task, and including a mechanism for financing (see
guidelines below).
2. The names or positions of the individuals who will primarily be responsible for
maintenance inspections, and training for new personnel.
3. A copy of the drainage (site) plan delineating facilities and easements, maintenance
access routes, and buffer areas.
4. A list of appropriate tasks for each component of the system, and a schedule for their
implementation, including descriptions of procedures for both preventive and remedial
maintenance.
5. A preventative maintenance component which will include:
 regularly scheduled inspections for the entire system
 event- based inspections of critical components
 general housekeeping inspections for light trash and debris removal, and
 wet weather and dry weather performance inspections and evaluations.
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6. A description of ongoing landscape maintenance needs and provision to assure
vegetative buffers will be maintained by landowners, development associations,
conservation groups or public agencies.
7. A description of the method that will be used to document all inspections and expense.
Items to consider when addressing site specific components
1. Special structures and areas set aside for infiltration should be clearly marked at the site
location and on the plan.
2. Supplement the plan with photographs of specific BMPs. Pictures are effective tools for
determining ideal post- construction conditions of structural components, wetland
plantings, emergency spillways, downstream outfalls and vehicle access points during
subsequent inspections. Photos can also be electronically attached to GIS- based O&M
plans.
3. Install benchmarks for any control measure designed to contain sediment between
runoff events, including forebays of detention and retention basins and constructed
wetlands. Locations of these reference points must be clearly shown on record
drawings and are to be treated as part of the permanent installation. When possible, a
benchmark should be established at an adjacent permanent structure where they are
less susceptible to vandalism (manhole covers, etc.).
B) Developing an Operation and Maintenance Budget
Without assured funding for required maintenance activities, systems will deteriorate quickly,
often necessitating measures to protect downstream resources. A valuable tool for
determining future budget allotment as systems age is the facility inspection report.
Although the maintenance budget for each development will differ, it is important that a
realistic dollar amount be established and a mechanism for funding identified. A typical O&M
budget might include any of the expense categories listed below. There may be additional
costs for facility specific devices. Costs estimates should be generous during the initial years
until a record of actual expense can be compiled. At minimum, the projected budget for
maintaining BMPs on a site should be 15% of the anticipated cost for normal maintenance of
contributing parking lots and lawn areas. Expect costs to be greater in certain years due to
scheduled activities (excavating sediment from a basin and restoring vegetative cover for
example). As the system matures and the Owner becomes more aware of its impact on overall
budgeting, a realistic model will emerge.
Annually and after every major rain storm event:
 inspect basins, filter devices and infiltration trenches for floatables and debris
 inspect waterways and constructed side slopes for erosion
 inspect outlet for erosion or structural failure
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Annually:
 measure and document sediment accumulation in basins
 evaluate condition of rip rap at inlets, outlets and in overflow channels
 inspect ground cover
 survey for invasive species in constructed wetlands and basins
Every other year or after major storm events:
 inspect structural elements (may require services of engineer)
Catastrophic event:
 inspect outlets and structural elements for damage (requires professional engineer)
Construction expense:
 remove sediment from basins every two years (this period may be extended as the site
becomes completely stabilized)
 mow and maintain basins, basin slopes and surface flow filters
 repair erosion on side slopes and in drainageways
Following is an example of a maintenance budget for a hypothetical commercial retail site with
box stores and a single retention (or detention) BMP. Items designated as $0 are typically
conducted by grounds crews during normal facility maintenance operations. Note that some of
the items relate directly to how the site is being used.
Beginning at the outlet:
1) Conduct an annual inspection of the area immediately downstream from the basin
outlet for evidence of erosion and dislodging of stone rip rap. Cost: $400
2) Extra inspections for storm runoff exceeding capacities of upstream component controls
(assume two events per year). Cost: $800
3) Conduct sampling as required by permits; prepare reports. Cost: $2,000
For a retention basin:
1) Inspect outlet device(s) for evidence of premature failure. Cost: $400
2) Remove floating and sunken debris to prevent clogging downstream. Cost: $0
3) Check for and remove submerged invasive plant species. Cost: $1,000
4) Survey embankments for burrowing. Cost: $0
5) Evaluate incoming flow concentrations for damage to basin side slopes. Cost: $400
6) Visually inspect water surface for oil or other floating contaminants. Cost: $0
7) Remove and dispose of floating contaminants with absorbent filters. Cost: $1,000
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For a detention basin:
1) Mow twice during the growing season to control noxious weeds. Estimated cost: $0
2) Inspect overflow channel and outflow device(s) for erosion or potential failure. Cost:
$400
3) Repair erosion caused by surface flow into the basin. Cost: $900
4) Scheduled two year cleaning. Cost: $6,000
Infiltration systems:
1) Remove surface debris. Cost: $0
2) Check underdrain if so equipped for signs of an obstructed outlet. Cost: $0
3) Identify and remove undesirable vegetation by hand. Cost: $0
4) Check and clean filter flow path to trench after every major rainfall event. Cost: $0
Lawn areas:
1) Limit applications of pesticides and herbicides, especially where flow to BMPs may be
concentrated. Cost: $0
Paved parking areas:
2) Sweep paved parking and driving surfaces annually. Estimated cost: $3,600
3) Repair damaged asphalt or concrete. Cost: $4,000
4) Manage shopping carts. Cost: $0
5) Inspect parking areas monthly for oil spills; follow a clean-up plan. Cost: $100 (disposal
extra)
General:
1) Conduct annual training for staff. Cost: $1,200
2) Document inspections. Cost: $200
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POST-CONSTRUCTION INSPECTION
A detailed post-construction inspection program addressing each of the listed components is
necessary for continued effectiveness of a treatment system. Inspections must be regularly
scheduled although frequency may be impacted by the type of BMP, its physical characteristics,
and site conditions in the catchment area. Event- based inspections should be conducted after
every major storm or snowmelt runoff event for those components deemed critical to overall
treatment. For most BMPs, visual observation will suffice although some components may
require specialized equipment (remote video, confined entry gear, etc.). The inspection
program should be tailored to address operational characteristics of a system.
Inspectors must have knowledge of or experience with treatment systems employed on a site.
The DEQ requires that a Certified Stormwater Operator or Stormwater Plan Manager be
employed at all sites subject to NPDES permitting. When an inspection reveals a potential
problem affecting structural or hydraulic integrity, a more detailed inspection must be
conducted by a professional engineer. An engineer should likewise be consulted for
performance evaluations.
The inspection process includes documenting the following:
 Structural integrity of the various components
 General operational conditions
 Hydraulic operational conditions
 Susceptibility to or actual vandalism
 Health of vegetation
 Unsafe or unhealthy conditions
Water quality measurements can also be incorporated into the inspection history. Items to
include for specific BMPs in an inspection and maintenance program are listed below.
1) Inspection & Maintenance Concerns for Facility Specific BMPs
Constructed Treatment Wetlands
1. Inspect inlets to assure unrestricted flow to the wetland. Areas impacted by overland
flow (sheet or diffuse drainage) should be inspected for erosion and repaired.
2. Sediment in the forebay should be removed when buildup exceeds 25% of its capacity.
3. Inspect embankments, dikes, side slopes and berms annually for evidence of failure and
repair immediately.
4. If an emergency overflow is included in the design, inspect for gullies and remove debris
from conveyance structures or channels.
5. Constructed wetlands are considered a component of the treatment train for a site and
are not regulated under wetland provisions of the Natural Resources and Environmental
Protection Act. When sediment accumulation in the wetland exceeds 12 inches, or
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when sediment deposits begin to smother plantings, the wetland should be dredged
and wetland vegetation re-established.
6. Inspect annually for noxious weeds. Dead vegetation should be removed periodically
when deemed necessary to prevent loss of underlying plant life.
Surface detention basin systems
1. Mow grass at least twice each year. Grasses such as tall fescue should be trimmed in
early summer after emergence of the heads on cool season grasses. Basins should be
mowed again after annual weeds have flowered but before they begin dropping new
seeds.
2. If vegetation covers less than 40% of the soil surface, till, lime, fertilize and seed in
accordance with current recommendation for new seedlings. If vegetation covers more
than 40% but less than 70% of the soil surface, lime, fertilize and over-seed in
accordance with current recommendations for existing vegetated surfaces.
3. Remove trash and debris (including dead vegetation) to prevent obstruction of outlets
and to prevent the spread of litter to downstream properties, to maintain integrity of
the structure, to provide an attractive appearance, and to minimize water pollution.
4. Remove soil deposits in forebays and detention basins before loss exceeds 25% of
design capacity.
5. Repair slides, slumps and eroded areas promptly. Trash racks, pipes, headwalls, etc.
must be maintained and repaired and/or replaced as needed to maintain integrity of the
structure.
6. Conduct scheduled inspections sufficient to document compliance with design and
purpose. Additional inspections are required for major runoff events (event- based
inspections). Document observations and remedial actions taken.
Subsurface detention systems
1. Inspect the control box and the storage pipe after each significant rainfall. If water
remains high in both compartments of the control structure more than four (4) hours
after the rain has stopped, the outlet should be inspected for obstructions (length of
retention will be design dependent). Inspections undertaken shall comply with federal
and state confined- entry safety regulations.
2. Remove trash and debris from inlets and inspect control structures during dry weather
for blockage to insure the system performs as designed.
3. Use source control methods (street sweeping, etc.) to extend longevity and minimize
disruptive maintenance operations.
Retention pond systems
1. Mow grass at least twice each year. Grasses such as tall fescue should be trimmed in
early summer after emergence of the heads on cool season grasses. Basins should be
mowed again after annual weeds have flowered but before they begin to drop new
seeds.
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2. If vegetation covers less than 40% of the soil surface, till, lime, fertilize and seed in
accordance with current recommendation for new seedlings. If vegetation covers more
than 40% but less than 70% of the soil surface, lime, fertilize and over-seed in
accordance with current recommendations for existing vegetated surfaces.
3. Remove trash and debris (including dead vegetation) to prevent obstruction of outlets
and to prevent the spread of trash to downstream properties, to maintain the integrity
of the structure, to provide an attractive appearance, and to minimize water pollution.
4. Remove soil deposits in the forebay before loss of capacity exceeds 25%, and in the pool
before loss exceeds 10% of design capacity. Control measures must be installed at the
outlet during excavation operations and maintained until there is no further evidence of
suspended sediments.
5. Dispose of sediment in accordance with current procedures for disposal. Where
deemed necessary or desirable the sediment will be tested for appropriate pollutants
before it is removed from the site.
6. Repair slides, slumps and eroded areas promptly. Trash racks, pipes, headwalls, etc.
must be repaired and/or replaced as inspection warrants.
7. Conduct scheduled inspections in sufficient frequency to document compliance with
design and purpose, and additional inspections after every major runoff event.
Stormwater infiltration systems
1. Pretreatment areas should be mowed frequently. Grass clippings and trash debris
should be removed to prevent transport to the infiltration trench. Vegetation in the
infiltration trench itself should be hand cut to a height of no less than four (4) inches to
insure continued filtration. Avoid compaction by heavy mowing equipment .
2. Inspect the underlying pipe outlet at regular intervals for signs of obstruction during
both wet and dry weather conditions. Check for turbidity at the outfall (a potential sign
of failure).
3. Check observation wells if equipped immediately after a rainfall to determine if filters
designed to remove sediment and debris before runoff enters the infiltration trench are
functioning properly. Routine inspections should be conducted by the same individual
when possible to build institutional knowledge of system operations.
4. Repair failures immediately to restore operative condition. Replace the upper 6 to 12
inches of soil and the underlying fabric when necessary.
5. Dispose of sediment, including parking lot sweepings, in accordance with applicable
state and local standards.
Sand filters (infiltration type)

Sand filters consist of perforated pipe below a layer of sand with a fabric liner separating the
filter medium from pipe bedding and backfill. After pretreatment to remove larger debris,
runoff water flows through the sand to the pipe which typically outlets to daylight. Inspection
activity should be geared toward maintaining percolation in the filter medium.
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1. Inspect four times per year during the first two years of operation, and annually
thereafter. Also conduct event- based inspections to verify outflow from the outlet pipe
meets water quality criteria for turbidity.
2. Before sediment buildup in the entrapment chamber reaches half depth, remove the
contents by means of a vactor truck, replacing sand as needed to restore porosity.
Minor accumulations of debris may be removed without full replacement. Dispose of
waste in accordance with applicable federal and local regulations.
3. Replace the top six (6) inches of sand if standing water is observed on the surface more
than 48 hours after a storm event. Establish a benchmark for the top of the sand filter
medium before removing to assure the new content fulfills design parameters. If
discolored or contaminated material is found below, additional material must be
removed until all signs of contamination are eliminated. Dispose of material in
accordance with applicable federal and local regulations.
4. Inspect structural components of the filter system, including the outlet structure or end
of pipe, valves, under drain systems, and inlet controls, and report deficiencies to the
design engineer for appropriate remedy.
Bioretention systems

1. Check observation wells immediately after a major runoff event to verify that pre-filters
are functioning effectively. Schedule dry weather inspections. Inspections should be
conducted by the same individual to establish institutional knowledge of system
operations.
2. Inspect overflow channels annually and clean when 25% of conveyance capacity is lost
due to sediment deposition.
3. Remove trash and debris from the surface to promote longevity of vegetative cover;
schedule replacement of mulch annually.
Porous pavement
1. Vacuum and jet wash porous pavement at least two times per year or as needed to
remove grit and sediment.
2. Annually inspect outlet pipes (subdrains) for blockage to prevent freezing and damage
to open-graded pavement.
3. Employ knowledgeable contractors and appropriate materials for all repairs.
4. Limit applications of herbicides on adjoining landscape areas to protect water quality.
5. Train employees in spill prevention and response (required for all commercial
applications); maintain schematics for reference by emergency management officials.
6. Maintain open drainage beneath the pavement to address mosquito vector concerns. If
additional controls are needed, use only environmentally friendly control measures
(Bacillus) applied by a professional applicator.
7. When a porous pavement application fails due to sedimentation that cannot be
removed, partial or total reconstruction of the infiltration component is required.
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Open channels

1. Preserve hydraulic and removal efficiency of open channels by:
 Regular mowing and litter and debris removal;
 On-going stabilization of eroded side slopes and bottom;
 Nutrient and pesticide use management;
 Periodically de-thatch the swale bottom and removal excess vegetation; and
 Disc or aerate the bottom if the density of vegetation begins to decline or when
the soil surface hardens to cement like consistency.
2. Every five years, or when conditions indicate, remove sediment from the channel
bottom to restore original cross section and infiltration rates.
A. Dry swales
a) Inspect structural and vegetative components annually and after major runoff events. If
standing water is observed on the surface 48 hours after a runoff event, till or de-thatch
the bottom to restore porosity.
b) Mow four times each season to prevent noxious weeds and woody vegetation from
becoming established.
c) Remove sediment accumulations when depth exceeds three (3) inches.
B. Wet swales or grass- line channel
a) Inspect structural and vegetative components annually and after major runoff events,
including trash racks, valves and pipes or spillway structures.
b) Check embankments for stability and woody growth that will impair stability. Remove
burrowing animals.
c) Inspect the bottom of the channel for ponding (re-grading required) and for gullies
(severe gullies caused by excess grades should be reviewed by an engineer). Remove
sediment accumulations when average depth exceeds three (3) inches.
d) Mow side slopes and maintenance access roads four times each season.
Rip Rap Lined Channels
1. Inspect annually and after each major runoff event.
2. Repair erosion where concentrated flow enters the channel, and repair bank instability
(especially on steep slopes) and scour holes promptly.
3. Where underlain by geotextile fabric, evaluate condition yearly and replace as needed.
4. Replace improperly sized rip rap with appropriate angular stone.
Rock Outfalls
1. Inspect annually and after each major runoff event; reset stone as needed.
2. Check and repair erosion along the sides and ends of the energy dissipation apron.
In Channel Energy Dissipaters
1. Annually inspect condition of structural energy dissipaters for evidence of dislodging.
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2. To prevent erosion, evaluate density of vegetation adjacent to the dissipater and reseed
as needed.
Temporary Slope Drains
1. Inspect earthen brow at top of slope for signs of failure; re-grade as needed.
2. Observe for piping and for blockage which will cause premature failure.
3. Check energy dissipation devices at toe of slopes and repair as needed to prevent gully
erosion.
4. After 18 months, or when vegetation is well established, remove slope drain and restore
disturbed area.
Proprietary Devices
1. Inspect devices designed to remove particular pollutants (i.e. silt, oil, etc) on a regular
schedule each month, and after each runoff event that exceeds the treatment capacity
of the device.
2. Clean or replace cartridge and filter media annually or as recommended by the
manufacturer.
3. Inspect orifices and system bypasses for blockage.
4. Confined space practices may be required for these types of devices.
Impervious Area Disconnects
1. Annually inspect and clean level spreaders and energy dissipaters, including access
points from impervious areas.
2. Remove surface debris during housekeeping inspections.
Eco-roofs and Roof Gardens
1. Conduct inspection of vegetated roof systems monthly during the growing season using
personnel trained in this field for visible erosion channels, plant stress, noxious weeds
and insect infestations.
2. Trim as needed after vegetation is fully established.
3. Employ a structural engineer to inspect the waterproofing membrane during spring melt
and in the fall of each year to prevent structural damage to the building.
2) Inspection Documentation
After construction is complete, an updated site drawing with all field changes ordered by the
engineer, plus revised inspection schedules and personnel assignment, must be filed with Eaton
County before site completion approval will be granted. See Post-Construction Submittal
Requirement in this part of the Manual for detailed information. In addition, one copy of the
final approved Operations and Maintenance Manual, updated to reflect all changes made
during construction, must be provided to Eaton County and a second maintained on the site by
a facility manager.
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3) Maintenance Records
Inspection and maintenance logs for private facilities must be compiled and retained for at least
three (3) years following the date of inspection. It is strongly recommended however that
records be retained for longer periods to assist the landowner in determining frequencies of
inspections and for budget purposes. During the initial retention period, Eaton County may
request copies of maintenance logs, or may inspect them on site, whichever is more convenient
for the landowner. Paper copies in binders are acceptable although electronic files may be
easier to compile and retrieve. A standard form of log should be developed and used
consistently by inspectors to assure that all approved components of a plan are inspected.

53

POST-CONSTRUCTION SUBMITTAL REQUIREMENTS
A) Engineer’s Certificate of Completion
After construction is completed and approved by Eaton County, the engineer shall submit an
Engineer’s Certificate of Completion. The certificate will be added to the permanent O&M Plan
for the site. In the case of a PFM, the certificate shall be filed with the appropriate municipality
or agency. The purpose for this certificate is to provide professional assurances that a facility
was constructed according to the approved design, and that stormwater management devices
inherent to the site are both adequate and functional. An example of an Engineer’s Certificate
of Completion is found in Appendix D of this Manual.

B) Post Construction Site Plan Revisions and Certifications

A condition of Eaton County’s NPDES permit is the availability of accurate information that can be easily
accessed by field personnel during routine inspections, by other governmental utility managers, and by
emergency services personnel in the event of a spill or other environmental problem after a project has
been completed. An ftp site is being created that will eventually include the utility and grading plans for
each permit issued. A critical component of that initiative is an accurate depiction of what was actually
constructed. After site development is complete, the following items must be addressed to reflect
ordered changes that may have occurred during construction:
a) Plans must be revised to reflect “as-built” construction. A complete re-survey of a property’s
components is not required but changes in pipe sizes and locations of drains and underground
utilities must be noted.
b) Copies of the revised plan must be submitted in three (3) forms: as a print, as an electronic file
prepared using CAD or another digital program compatible with Eaton County’s GIS software,
and as a PDF file.
c) A certificate of completion of construction signed by a registered professional engineer is
required.
d) Maintenance easements previously issued must be checked against as-constructed BMPs and
new easements re-issued where needed.
e) If necessary, the post-construction maintenance plan and agreement must be revised to reflect
the final product.

Stormwater management BMPs must be regularly inspected and maintained for continued, proper
function. Detailed BMP operation and maintenance checklists are available in Appendix C-2.
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C) Transferring Responsibility for O&M to Eaton County
If a private landowner wishes to transfer responsibility for maintaining a facility to a public
entity, the Drain Commissioner shall first, with the Owner’s representative, review the O&M
Plan, and make amendments as necessary. If the parties agree that structural BMPs on a site
(but not the land immediately surrounding) should be maintained as publicly owned facilities
(PMF) the Owner shall file an Amendment of Declaration of Covenants referencing the original
recorded covenant, the recorded easements, the approved O&M Plan, and final record
construction drawings. The covenant amendment shall be recorded in the office of the Eaton
County Register of Deeds. A non-refundable maintenance deposit in the amount of $2,500 is
required of the landowner to fulfill requirements of the Michigan Drain Code. Additional
requirements pertaining to establishing a special assessment district to maintain the facilities
will apply. Thereafter, the parcel shall be treated as a separate drainage district, subject to
assessment for maintenance and repair. An example of an Amendment of Declaration of
Covenants is found below.
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DOCUMENTS

The documents in this section of the Manual are provided as examples of submittals required
to fulfill requirements of the review and approval process. Copies can be reproduced from
Appendix D.
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1) Maintenance covenant inventory checklist.
Stormwater Maintenance Covenant Site Inventory Checklist
Project Title: _________________________________ Date on final approved plan: ______________
Permits required or issued (fill in supplemental information when known)
Erosion control permit # __________________

Issued: ___________ Expires: ____________

N.P.D.E.S. Permit # _____________________

Issued: ___________ Expires: ____________

Applicant:
Firm:______________________________________ Email: __________________________
Address: ____________________________________________________________________
Contact Person: ______________________ Phone: _______________ Fax: ______________

Owners (O/D) Information (exactly as will be required to transfer easement rights)
Owner or Developer: __________________________________________________________
O/D Address: ________________________________________________________________
Contact Person: ______________________ Phone: _______________ Fax: ______________

Responsible Land Disturber (RLD) Information
Name/Firm: ___________________________ Phone: ______________ Fax: __________________
RLD Contact: _________________________ Stormwater Operator Certificate #: _______________
RLD Contact Address: ________________________________________________________________
Project Engineer (if different from above)
Firm: ______________________________________ Email: __________________________
Address: ___________________________________________________________________
Contact: ___________________________ Phone: _____________ Fax: ________________

Attachments:





One (1) Original, Executed O&M Plan with budget
Exhibit “A” attachment (legal description of property)
Current Title Report of the property with original certification of title letter prepared by an attorney
One dated copy of final approved site plan stamped and signed by a registered professional engineer.
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Executed easements
Engineer’s Certificate of Completion

Will this project utilize proprietary BMP control methods? Attach one set of manufacturer’s specifications.
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2) Maintenance covenant for private storm drain systems.
Stormwater Maintenance Covenant by and between the Eaton County
Drain Commissioner and _______
WHEREAS, the Eaton County Drain Commissioner (“Eaton County”) is the agency designated by
the Eaton County Board of Commissioners to implement and oversee compliance with a
Certificate of Coverage granted by the Michigan Department of Natural Resources and
Environment under National Pollutant Discharge Elimination System Wastewater Discharge
General Watershed Permit no. MIG610000; and
WHEREAS, _______ (“Owner”), whose address is_______, is the title holder of land described
as tax parcel # _______, further described in Exhibit A, attached hereto; and
WHEREAS, the Owner desires to construct certain improvements on its property which will alter
the extent and configuration of storm and surface water flow conditions, including inflow from
adjacent lands; and
WHEREAS, the Owner has submitted a development plan to Eaton County for a project known
as _______ that includes, among other features, a system to regulate peak rates of discharge
and quality of runoff water (the term "system" includes any and all components designed to
regulate flow, provide storage for runoff water, remove pollutants from runoff water and
increase infiltration of runoff water into the soil); and
Whereas, in order to accommodate and regulate these anticipated changes in existing storm
and surface water flow conditions, the Owner desires to build and maintain at its own expense,
a storm and surface water management facility and system more particularly described and
shown on plans titled _______ and further identified under approval date _______ (Exhibit B);
and
WHEREAS, the Owner will install the system in full compliance with all applicable laws, regulations and
codes, including:

Federal Water Pollution Control Act, as amended
Act 451, Public Acts of 1994, as amended (all parts)
Act 53, Public Acts of 1974, as amended
Applicable state and local transportation agency rules
Eaton County Ordinance # _________
Eaton County Stormwater Management Manual and associated rules
WHEREAS, this system includes management components listed and further described in
Exhibit C, attached hereto;
AND WHEREAS, it is in the interest of the general public that the system described herein be maintained
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in proper working order and condition.

NOW, THEREFORE, for and in consideration of the mutual covenants stated below, the parties
agree as follows:
A. System Design, Construction and Maintenance
1) The Owner shall be solely responsible for and will construct and perpetually maintain
the system in accordance with approved designs, including associated vegetation. The
Owner will provide as-built data and drawings, soil/geotechnical reports, and other
certifications requested by Eaton County in order to document compliance with
approved designs and requirements set forth in the Eaton County Stormwater
Management Design Manual and rules published by the Eaton County Drain
Commissioner.
2) Eaton County agrees to release construction security after as-constructed plans (record
plan) and other appropriate certifications, showing adequate completion of the system,
have been submitted and approved. The certification shall be made by a Registered
Professional Engineer and shall certify that the record plan represents the actual
condition of the structure(s). When as-constructed conditions vary significantly from
the approved design, appropriately revised calculations shall also be provided by the
engineer.
3) The Owner agrees to provide for maintenance, both during and after construction, to
keep the system in good working order acceptable to Eaton County. Such maintenance
shall be continued in perpetuity unless and until this agreement shall be revised by
mutual agreement of the parties.
4) The Owner will provide and document inspections in accordance with the approved
Operations and Maintenance Plan (Exhibit D). The Owner agrees to perform
maintenance inspections as scheduled, and also within twenty-four (24) hours after
each storm runoff event exceeding the base flow rate for the site.
5) The Owner agrees that where any system is to be maintained by a homeowner's or
condominium association, deed restrictions and covenants for each owner or member
will include financial assurances that the system can be maintained as required by this
covenant, and that the proposed language will be submitted to Eaton County for
approval prior to sale of an affected lot or parcel.
6) The Parties agree that should the Owner fail to correct defects in the system within ten
(10) days after issuance of a written notice by Eaton County, or shall fail to maintain the
facility in accordance with the approved plan, Eaton County may enter upon the
property to make all necessary repairs or conduct required maintenance. It is expressly
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understood and agreed that Eaton County is under no obligation to maintain or repair
said system, and in no event shall this Agreement be construed to impose any such
obligation on Eaton County.
7) The Owner agrees that if Eaton County performs or otherwise provides maintenance or
repair to system components, the Owner will hold harmless and indemnify Eaton
County with regard to damage to or destruction of personal or real property, and to
reimburse Eaton County for its expenses plus ten percent (10%) of actual cost, within
ten (10) working days after receiving a request for reimbursement. The Owner agrees
that invoices unpaid after ten days will be subject to collection under general property
tax law with interest compounded at a rate of one percent (1%) per month or as set
forth in amendments to the tax law.
B. System Access and Easements
1) The Owner has secured, at its own expense, all easements and releases of rights-of-way
necessary for utilization of the storm water practices identified in Exhibit C, which
easements have been or will be recorded in the Office of the Eaton County Register of
Deeds. These releases shall not be altered, amended, vacated, released or abandoned
without prior written approval of Eaton County. No alterations or changes to the storm
water management practices identified in Exhibit C shall be permitted unless they are
deemed to comply with this Covenant and are approved in writing by Eaton County.
2) The Owner has provided a permanent easement sufficient in form to grant ingress and
egress access to Eaton County and its agents for the purpose of conducting inspections
and, if deemed necessary, perform maintenance procedures that the Owner, after due
notice, fails to complete. Although it will attempt to contact the Owner before entering
upon the property to conduct maintenance or emergency repairs, Eaton County may,
without notice and at its sole discretion, take such steps as are necessary to prevent
property damage or to mitigate water quality impairment.
3) The parties agree that Eaton County, its agents, employees and contractors shall enjoy a
perpetual right of ingress and egress over the property of the Owner for the purpose of
overseeing management of the storm water system, and shall have the right to inspect
at reasonable times and in reasonable manner, the storm and surface water facility in
order to insure that the system is being properly maintained and is continuing to
perform as intended.
4) The Owner agrees to promptly notify Eaton County when the Owner legally transfers
any of the Owner’s responsibilities for the system to another party. The Owner shall
supply Eaton County with a certified copy of all documents of transfer executed by the
parties as they relate to system maintenance responsibilities.
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5) The Owner agrees to maintain written records of inspections and repairs for a period of
three (3) years after completion, and to provide access to the same for Eaton County
upon request.
C. Hold Harmless and Successors in Title
1) The Owner agrees to indemnify, save harmless and defend Eaton County from and
against any and all claims, demands, suits, liabilities, losses, damages and payments
including attorney fees claimed or made by persons not parties to this Declaration
against Eaton County that are alleged or proven to result or arise from the Owner’s
construction, operations, or maintenance of the system that is the subject of this
Covenant.
2) The Owner agrees that the terms of this Covenant shall be binding upon the heirs,
successors and assigns of the Owner, and that any subsequent Owner of the property
shall be responsible for the maintenance of the system and shall hold Eaton County
harmless from any loss, damage, injury, cost or other claim resulting from the operation
of the subject system.

The rights, obligations and responsibilities herein shall commence upon execution of this
Covenant by the parties.
The provisions of this Declaration shall be severable and if any phrase, clause, sentence or
provisions is declared unconstitutional, or the applicability thereof to the Owner is held invalid,
the remainder of this Covenant shall not be affected thereby.
The parties whose signatures appear below hereby represent and warrant that they have the
authority and capacity to sign this agreement and bind the respective parties hereto.
Signed by Developer and Drain Commissioner
Attachments
Exhibit A: Legal description of property
Exhibit B: Location map and approved site plan
Exhibit C: System components identified and described
Exhibit D: Operations and maintenance plan (may be included as a component of a site plan)
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3) Certificate of Completion
Engineer’s Certificate of Completion

CONSULTANT
DEVELOPER
Name: _____________________________
Name: ______________________________
Address: ___________________________
Address: _____________________________
Phone: ____________________________
Phone: ______________________________
NAME OF DEVELOPMENT: ____________________________________________
I certify that the above referenced site has been completed in accordance with the approved
plan dated _______________ , and that the same complies in every respect with storm water
quality requirements of the U.S. Environment Protection Agency, the State of Michigan, the
County of Eaton, and the Eaton County Drain Commissioner for sites undergoing development
or redevelopment.
Systems installed and meeting plan expectation:
yes
n/a
WATER DISTRIBUTION SYSTEM
SANITARY SEWER SYSTEM
PUMP STATION/FORCE MAIN
STORM WATER RUNOFF CONVEYANCE
Site components completed:
yes
n/a
STREETS CONSTRUCTED AND PAVED (completion bond filed for top lift if required)
SIDEWALKS INSTALLED (where required)
CURB and GUTTER INSTALLED (where required)
STORMWATER MANAGEMENT FACILITIES and SYSTEMS INSTALLED
PERMANENT EROSION and SEDIMENT CONTROLS INSTALLED/SITE STABILIZED
STORM WATER QUALITY BUFFERS INSTALLED (where required)
Administrative requirements completed:
yes
MAINTENANCE MONUMENTS IDENTIFIED AND MARKED
AS-BUILT DRAWINGS DELIVERED TO LOCAL GOVERNMENT AGENCY
REVISED O&M PLAN SUBMITTED TO LOCAL GOVERNMENT AGENCY FOR APPROVAL
Credits or Offsets Apply
_____________________________________________
SIGNATURE OF CONSULTANT
Michigan Registration No: ____________________
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________________
DATE

4) Amendment of Declaration of Covenants
Amendment of Declaration of Covenants
Stormwater Management Maintenance Covenant
THIS AMENDMENT OF DECLARATION (the “Amendment”) is made this ____ day of
__________, 20__, between _______________, hereinafter referred to as the “Owner”, located
at _______________________________, and the Eaton County Drain Commissioner (the
“Drain Commissioner”), located at 1045 Independence Boulevard, Charlotte, Michigan, 48813.
RECITALS
1. __________________ is the current title holder (the “Owner”) of certain real property
located in _______________ (the “Property”), which real property is more particularly
described in Exhibit A attached hereto and made a part hereof.
2. The former Owner of the Property, __________________________, executed a Grant of
Stormwater Management Easement and Right of Way to the Drain Commissioner, which
was dated ______ and recorded in the office of the Eaton County Register of Deeds in
Liber _____, pages ______ on ___________________, and also executed a Stormwater
Management Maintenance Covenant (the “Covenant”) for the inspection and
maintenance of on-site stormwater management facilities (the “Facility” or “Facilities”),
which was dated ___________ and recorded in the Office of the Eaton County Register
of Deeds in Liber _____, pages, on _____________. The Facility is located in the area
described in Exhibit A and shown in more detail on Exhibit B (the “Easement Area”),
which is attached hereto and made part hereof.
3. Subsequent to the recording of the Stormwater Management Easement and Covenant, the
Owner of the property described in Exhibit A petitioned the Drain Commissioner to
assume responsibility for ______________, provided that the Owner satisfies certain
conditions acceptable to Eaton County and executes an easement and maintenance
agreement granting the Drain Commissioner a perpetual right of access to the Facility for
the purpose of performing all structural maintenance functions.
4. In order to accurately delineate the new terms, conditions and responsibilities of the
Covenant, the parties hereto agree that it is necessary to amend the Covenant.
Now therefore, in consideration of the recitals, the mutual promises of the parties, and other
good and valuable consideration, the receipt and sufficiency of which are hereby acknowledged,
the parties agree hereto as follows:
A. The Amendment replaces and supersedes paragraphs ________ in the Stormwater
Management Maintenance Covenant for the inspection and maintenance of the Facility
dated ________, which was executed by _____________ and recorded in Liber _____,
pages _____ of the Office of the Eaton County Register of Deeds, a copy of which is
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attached hereto as Exhibit C. In the event of conflict between this Amendment and other
provisions in the Covenant, this Amendment shall control.
B. The Owner shall maintain the Easement Area depicted in Exhibit B by providing trash
removal, grass cutting and landscaping on the Property described in Exhibit A and
performing other nonstructural maintenance for the Facility serving the Property.
C. The Drain Commissioner will provide routine inspection and maintenance for structural
components of the Facility as needed to ensure that the Facility remains in proper
working condition in accordance with approved design standards.
D. The Owner must provide and maintain perpetual access from public rights-of-way to the
Facility for the Drain Commissioner, its agents and its contractors.
E. The Owner must grant the Drain Commissioner, its agents and its contractors a right of
entry to the Facility for the purpose of inspecting, operating, monitoring, installing,
constructing, reconstructing, modifying, altering or repairing the Facility.
F. Except in the case of emergency, the Drain Commissioner will provide reasonable notice
to the Owner before performing any structural maintenance or repair of the Facility in
accordance with this Amendment.
G. If, after reasonable notice by the Drain Commissioner, the Owner fails to maintain the
Easement Area in accordance with this Amendment, the Drain Commissioner may
perform any nonstructural maintenance needed to correct a condition that impacts the
effectiveness of routine structural maintenance and collect any cost incurred as a result
from the Owner of the Facility and in the same manner as real property taxes are
collected. In addition, the Drain Commissioner may seek reimbursement under any other
legal remedy for collect unpaid debt.
H. The Owner agrees to indemnify and save the Drain Commissioner harmless from any and
all claims for direct damages to persons or property arising from maintenance of the
Easement Area in accordance with this Amendment. The Drain Commissioner agrees to
indemnify and save the Owner harmless from any and all claims for direct damages to
persons or property caused by an act or omission of the Drain Commissioner during the
routine inspection and structural maintenance of the Facility.
I. The Owner must promptly notify the Drain Commissioner when the owner legally
transfers any of the Owner’s responsibilities for the Facility. The Owner must provide to
the Drain Commissioner a certified copy of any full executed document of transfer.
J. The covenants contained herein shall run with the land and shall bind the Drain
Commissioner, the Owner and the Owner’s successors and assignees, and shall bind all
present and subsequent owners of the property served by the Facility.
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K. This Amendment shall be recorded in the office of the Eaton County Register of Deeds
and may not be released or modified except by written consent of the Eaton County Drain
Commissioner.
IN WITNESS WHEREOF, the Owner and Eaton County Drain Commissioner have executed
this Amendment of Stormwater Maintenance Covenant on the date first above written.
Signed by Developer and Drain Commissioner
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DEEDS OF EASEMENT

Permanent access and maintenance easements are required for all publically operated
stormwater facilities. An easement conveyed through the Michigan Drain Code must be free
from financial or legal encumbrance of any sort, and upon transfer, becomes the property of a
drainage district with all rights afforded under Public Act 40 of 1956, as amended.
Easements are also required for a stormwater facility impacted by the terms of a stormwater
maintenance covenant. Most facilities serving a private development are owned and
maintained by the property owner. Easements granted to Eaton County or the Eaton County
Drain Commissioner do not convey title but rather the right to enter upon the property for the
purpose of inspecting for compliance with the covenant and, if needed, conducting repairs or
maintenance. Although transfer of ownership of a storm drain system to the Eaton County
Drain Commissioner may be suitable for certain types of development, or for certain
stormwater treatment components of a system, easements assigning specific rights of usage
are generally preferred.
The terms “easement” and “right of way” are often used interchangeably and, in most
instances, provide a conveyance sufficient for one’s use of another’s property. Because of the
nature of a Stormwater Management Maintenance Covenant however, the two exhibit slight
differences. A right of way is tied to a specific use, as when a segment of a public utility
encroaches on private land. Form and content are dictated by physical constraints of the
particular utility and the statute under which a right of way may be acquired by a public entity.
A grant of easement conveys a broader array of privileges, typically encumbering a larger
portion of a property. The document is tailored to address issues specific to a site.
Much of the following information is applicable to either an easement or a right of way.
Consequently, either term may be used for discussion purposes.
A) Content
All easements and rights of way must comply with current physical requirements for recording
documents in the State of Michigan, and include all of the the following components:
 A clear title block that conveys intent
 Names and addresses of the grantor and grantee
 A description of the property from which the easement is to be obtained
 A tax identification number is one has been assigned
 A written description of the easement or right of way itself
 If applicable, a statement exempting the transaction from the Michigan Real Estate
Transfer Tax Act
 The signature(s) of the grantor(s)
 A notary declaration.
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Signature requirements for easements conveyed differ, based on ownership of the property
encumbered. Eaton County requires title work sufficient to determine proper format of an
easement document. The project developer usually furnishes the necessary assurances
through a commercially prepared policy. The Drain Commissioner may defer preparation of the
actual conveyance document to corporate counsel or to an attorney employed by a drainage
district.
B) Temporary Easements or Rights of Way
When a portion of a stormwater facility is constructed outside of an area undergoing active
development (as in the outlet from a phased development), a temporary grant of easement to
the Drain Commissioner (more appropriately, to a particular drainage district) is required.
Easements of this type remain an encumbrance until replaced with a permanent conveyance.
C) Permanent Easements
Permanent rights of way are required over all public utilities encroaching on private land.
Permanent easements are required to assure that storm water components of a facility are
maintained in accordance with an approved O&M Plan. The terms of both are considered
binding on current and subsequent owners of a property until released by Eaton County or the
Drain Commissioner. Easements for public facilities must be shown on preliminary and final
plats submitted under the Land Division Act, the Mobile Home Commission Act, and the
Condominium Act. In addition, a declaration of easement for each lot physically impacted by an
easement or right of way must be recorded at time of sale to convey to the new owner(s) their
responsibilities in overall management of the storm water system. Examples of drain and
general access easements are presented below.
D) Easements for Privately Managed Drainage Facilities
Private Easements
Subject to approval by the Drain Commissioner, internal drainage in certain categories of
development may be maintained by a landowner or an association, including:
 office or industrial parks,
 commercial or industrial sites,
 manufactured home parks and condominiums, and
 private subdivisions
The developer should be aware that current policy of the Eaton County Road Commission is to
require dedication of all drains serving public streets.
If approved by the Drain Commissioner, drain easements outside of a public street or road right
of way will not be required except as follows:
 that portion of a drain lying between the final treatment BMP and a public outlet
 retention and detention basins.
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However, a stormwater management or general access easement for the entire site is required
to establish access to all site specific BMPs for inspection and maintenance enforcement. All
documents will be prepared by the Drain Commissioner, consistent with requirements of Eaton
County’s NPDES Stormwater Permit
E) Physical Parameters
The width and character of each right of way or easement may vary due to geographic features.
Minimum standard widths for various types of facilities are listed below. However, the Drain
Commissioner may impose additional restrictions consistent with anticipated maintenance
requirements. When determining the amount of easement required to meet expectations of
an O&M plan, the Drain Commissioner will consider availability of access from a public road or
easement, a sufficient width around the BMP to safely maneuver equipment, depth of the pipe
or structure, and special maintenance needs for facility specific BMPs. All easements will
include vertical depth sufficient to maintain, repair or replace the approved or an existing
stormwater facility, and shall be wide enough to accommodate manhole replacement when
needed..
Easement requirement for Open Channel:
A minimum of fifty (50) feet or at least fifteen (15) feet on each side of the open channel,
measured outward from top of embankment slope, whichever is greater. Width on each side
shall, at minimum, be equal to the upper top width of the open channel, and shall be consistent
throughout. Additional width may be required for consistency with an existing connecting
easement, adjacent to a floodplain, or adjacent to a wetland. Open channel drains must be
centered within the easement.
Easement requirement for Detention and Retention facility:
Twenty-five (25) feet measured outward from the 100- year pool elevation unless physical
characteristics at the basin perimeter require additional width to assure safety or
environmental protection during maintenance activity.
Easement requirement for Bioretention facility:
Ten (10) feet measured outward from the water quality volume (WQV) elevation.
Easement requirement for Buried Drain:
The base of any adjoining footing wall may not lie within five feet of the outer edge of an
easement, and pipe must be centered in the easement.
 12-27 inch pipe: minimum 20 feet, depending on depth
 30-48 inch pipe: minimum 30 feet, depending on depth
 54 inch and larger: minimum 40 feet, depending on depth
The following formula may be useful for determining easement width in excess of those listed
(for example, over a drain buried at an extreme depth or a pipe diameter larger than 54 inches):
 maximum depth at invert times two, plus nominal ID of pipe
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Easement requirement for Rear Yard drain:
For pipe sizes less than 12 inches in diameter, a minimum of twelve (12) feet centered on the
drain. Rear yard connectors with street drains in platted subdivisions must lie on the lot line to
avoid conflicts with other underground utilities. The final approved width may be wider to
accommodate proposed depth of pipe.
Easement requirement for Vehicular Access drive:
Twelve feet (12 feet) total width with a ten foot (10 foot) engineered driving surface for
wheeled equipment.
Easement requirement for Mechanical system:
Easement requirements will be determined during plan review.
F) Recording
All easements, agreements, covenants and quit claim deeds shall be recorded in the office of
the Eaton County Register of Deeds. Original recorded documents will be retained by the Eaton
County Drain Commissioner. Finalized copies of recorded documents shall be submitted to the
Eaton County Drain Commissioner before permits to proceed with construction will be issued.

G) Agency Expense
All expenses incurred by Eaton County or the Eaton County Drain Commissioner related to
preparation and review of documents shall be fully reimbursed within ten days of billing by the
developer, landowner or homeowners association.

H) Easement Documents
This section includes an example of language required in a Drain Easement when a drain is to
be maintained publically. The document is consistent with requirements of the Michigan Drain
Code.. Also included is a Stormwater Management Access Easement tied to a Maintenance
Covenant. The third example is a Declaration of Drainage Easement and Restriction that should
be included in closing documents with the sale of each lot impacted by a constructed drainage
swale or underground drain.
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1) Standard easement for public storm drain
Drain Easement for the ________ Drain
For and in consideration of prospective benefits to be derived by reason of the locating, establishing,
constructing, maintaining and improving of a certain Drain under the supervision of the Eaton County Drain
Commissioner, located at 1045 Independence Boulevard, Charlotte, Michigan, 48813;
______________, {marital or corporate status}, whose address is ___________, now convey and release to
the __________ Drainage District, an easement for a certain Drain, hereinafter more particularly designated
and described, over and across the following land owned by them, and situated in the {city or township} of
________, Eaton County, Michigan, which land owned is described as follows (attach Exhibit A)
The Right of Way or Easement is described as {describe the permanent easement}.
The Right of Way hereby conveyed and released is for the sole and only purpose of establishing, constructing, operating
and maintaining over and across said premises a certain Drain, the route and course for which is described in the
attached Exhibit A.

This conveyance is based upon the described line of route and shall be deemed to include the extreme width of
said Drain as shown in the survey, and includes a release of any and all damages or claims arising out the
easement herein granted, or because of the constructing, operating or maintaining of said Drain across said
premises; and also sufficient ground on either side of the center line of said Drain, for the construction thereof;
and shall be deemed a sufficient conveyance to vest in the Drainage District an easement in said land for the
uses and purposes of drainage together with such rights of entry upon, passage over, deposit of excavated
earth and storage of material and equipment on such land, as may be necessary or useful for the construction,
maintenance, cleaning out and repair of such drain.
Non-movable or permanent structures will not be constructed by the landowner, mortgagee, their agents,
employees or contractors within the specified limits of the easement described in Exhibit A.
This conveyance and easement shall be binding upon the Landowner, Mortgagee and the Drainage District
and their heirs, assigns, successors in interest and successors in office and be deemed to run with the land
in perpetuity.
Signed by Landowner

A storm drain easement is signed by the Owner of the property upon which the drain lies, and
may include a flood easement if indicated. Standard exhibits include a description and visual
layout of the property, and a description and layout of the drain and drainage easement. Both
may be included on a single exhibit.
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2) Easement for stormwater management (tied to maintenance covenant)
Grant of Stormwater Management Easement and Right of Way

THIS DEED OF EASEMENT, made and entered into this _____ day of _________, ____________, by and
between ________________________, herein referred to as the Owner; and the Eaton County Drain
Commissioner on behalf of Eaton County, 1045 Independence Boulevard, Charlotte, Michigan, 48813.
FOR AND IN CONSIDERATION of mutual benefits accruing or to be accrued to the above mentioned
parties, and other good and valuable consideration, the receipt whereof is hereby acknowledged, the
Owner grants and conveys unto the Eaton County Drain Commissioner, its agents, assigns and successors
the following rights in real property situated in __________ {township, city} , Eaton County, Michigan, to-wit
(attach Exhibit A):
The privilege and easement in perpetuity for a right-of-way to maintain, repair, inspect, improve and
operate within the easements works and systems for the collection, conveyance, storage, treatment or
distribution of raw or treated water associated with stormwater drainage over, upon, across, and under
property of the Owner, including right of ingress and egress to the same, the said easements being shown
and designated in Exhibit B (attached).
The further terms and conditions of this grant of easement are as follows:
1) The Owner may but is not required to trim, cut, remove and keep clear all trees, limbs, undergrowth, and any and all other obstructions, within the said right-of-way or easement strip, except
that which may, in the judgment of the Eaton County Drain Commissioner, endanger or interfere
with the proper and efficient operations of the works and systems therein or thereon, and the Eaton
County Drain Commissioner shall have all such other rights and privileges as are reasonably
necessary or convenient for the full enjoyment and use of the easement herein granted for the
aforesaid purposes.
2) The granting of the easement herein described neither expresses nor implies payment, nor the
waiver of any obligations for the payment, by the Owner or his successors or assigns, of any fee or
charge, tax, assessment or other obligation whatsoever now due or heretofore due or hereafter to
become due and payable to Eaton County or the Eaton County Drain Commissioner, or to any
person, firm or other corporation whatsoever.
3) The Eaton County Drain Commissioner will exercise reasonable care to protect Owner’s property
from damage or injury occasioned in the enjoyment of the easement and rights herein granted, and
to promptly repair the said property or reimburse the Owner for any property damaged beyond
repair if, in the opinion of Eaton County, the damage was a result of carelessness or neglect. The
Eaton County Board of Commissioner shall be the final arbitrator for all disputes between the
Owner and the Eaton County Drain Commissioner.
4) The Owner, its agents, assigns and successors agree that when requested by the Eaton County
Drain Commissioner, it shall remove any fences, structures, landscaping, vehicle parking or other
obstruction within forty-eight (48) hours of receipt of written notice requesting such removal.
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Except that in an emergency or failure to remove after written notice the Eaton County Drain
Commissioner may remove, or may have removed by others, any impediment to access,
maintenance or operation, and the Owner agrees to be responsible for replacement of the same.
5) The Owner covenants and agrees for himself, his assigns and successors, that the consideration
aforementioned shall be in lieu of any and all claims of compensation and damages by reason of
the location, construction, reconstruction, alteration or maintenance of the said facility.
6) The Owner shall defend the Eaton County Drain Commissioner from all claims for damages to
surrounding properties caused by Owner’s failure to construct and / or maintain the facility as
approved.
7) Eaton County will exercise reasonable care when pursuing rights and responsibilities set forth by
the Stormwater Management Maintenance Covenant for Private Storm Drain Systems attendant to
the property, and will defend the Owner from all claims for damages to surrounding properties
resulting from acts of omission or neglect by its employees or contractors. Eaton County’s liability
will be limited to damages to adjoining properties only and not the lands of the Owner. Nothing in
this agreement shall prevent Eaton County from seeking reimbursement, by any means, for all or
any portion of its costs.
The Owner further covenants that it has the right to convey the said easement; that the Eaton County Drain
Commissioner shall have quiet and peaceful enjoyment and possession of said easement, and access
thereto, and that the Owner will execute such further assurances of the said grant of easement herein
contained as may be required by Eaton County.
This conveyance and easement shall be binding upon the Landowner, Mortgagee and the Drainage District
and their heirs, assigns, successors in interest and successors in office and be deemed to run with the land
in perpetuity.
Exempt from the Michigan Real Estate Transfer Tax Act (MCL.207.505).
Signed by Landowner and Drain Commisisoner

A stormwater management easement and right of way is signed by both the owner of the
property impacted and the Drain Commissioner or an Eaton County representative. It includes
exhibit A (description of the encumbered property) and exhibit B, a visual and descriptive
layout of the site with all drainage features and stormwater management features shown
(typically a reduced copy of the final as-built site plan).
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3) Declaration of easement across private parcel
Declaration of Drainage Easement and Restrictions
THIS DECLARATION OF DRAINAGE EASEMENTS and RESTRICTIONS made this
day of
____ , by _________________________________________________
(Developer/Landowner), a _______________ Corporation, hereinafter called the “Grantor."

,

WHEREAS, the Grantor is the owner of certain property containing a total of
acres, more or less, in
Eaton County, Michigan, and more particularly described as follows:
(Insert Description)
further known or designated on an approved construction plan dated _____________ as
________________________________________________________________.
WHEREAS, the Grantor has created perpetual non-exclusive drainage easements for the benefit of the lots
and parcels shown on the condominium, plat or plan referenced above, which easements shall be for the
purpose of maintaining private storm drainage facilities and for the collection and transmission of private
stormwater through and across the areas designated as "private drainage easement" on said condominium
plan, subdivision plat or site plan.
NOW, THEREFORE, in consideration of the mutual benefits accruing to the Grantor and to future owners
of the lots and parcels hereinabove described, the Grantor does hereby declare, create and constitute a
perpetual nonexclusive drainage easement over and across the (side and rear) of
__________________________ as shown on the plan dated __________ or on the condominium or
subdivision plat recorded in the office of the Eaton County Register of Deeds for the purposes referenced
herein.
The owners of the above referenced lot(s) shall use the rights granted by this instrument with due regard to
the rights of others and their use of such easement, and shall not use the drainage easement in any way
that will impair the rights of others to use it, and shall not obstruct drainage thereon.
The easement hereinabove granted shall run with the land and shall be for the benefit and use of the
owners of the lots and parcels shown on the plat referenced above, his or her heirs and assigns, and to the
benefit and use of the Grantor and its heirs, successors and assigns.
Signed by Landowner conveying title to 2nd party

This type of declaration is signed by the owner/developer of a site (typically a proposed
subdivision) and is recorded with other land transfer documents as notification to purchasers of
the existence of an encumbrance on the property.
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PERFORMANCE BONDS
Eaton County may require a bond to guarantee an approved stormwater management site plan
will be constructed as designed. A single site may require several sureties in any of the
following forms:
 an insurer’s bond
 a letter of credit
 a cash deposit
All performance bonds, regardless of form, will meet the follow terms and conditions:
1. The amount will not be less than the total estimated construction cost of the approved
components of a stormwater management system. The estimate must be provided by
the landowner’s engineer and the amount will be subject to approval by the Eaton
County Drain commissioner.
2. The bond must address forfeiture for failure to complete the system as approved, or for
failure to comply with state law or local ordinance.
3. No permit(s) will be issued until a performance bond has been submitted, reviewed and
approved by the Eaton County Drain Commissioner.
4. Bonds will be held in their entirety for the duration of the project unless agreed to in
advance and in writing by the Eaton County Drain Commissioner. No bond, nor any
portion thereof, will be released prior to inspection of the completed work by or on
behalf of Eaton County, and certification of the same by the engineer. At no time will
the amount of the bond fall below the estimated cost to complete the project.
5. No bond will be returned in its entirety absent submittal of “as-built” or “record”
drawings, and certification by the developer’s engineer that the facility complies with
the approved plan and provisions of Eaton County’s Stormwater Management
Ordinance.
6. No performance bond will be voided or returned until a maintenance guarantee bond is
submitted.
7. Cash bonds held by the Eaton County Drain Commissioner will be deposited and interest
earned returned to the payer, less any administrative fees or costs as agreed to
beforehand.
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A) Types of Bonds and Application to Specific Projects
Typical bonds include:
 An insurer’s bond underwritten by a commercial in-state insurer or insurer licensed to
practice in Michigan
 A letter of credit from a bank registered to conduct business in Michigan
 A cashier’s check drawn on an in-state bank or credit union
Extent of bonding will be determined during the preliminary site plan meeting. The Drain
Commissioner may impose additional requirements during plan review
Bonding will be required for the following, depending on site specific facilities:
 Construction performance (100% of estimated cost to construct system components)
 Maintenance guarantee (50% of estimated cost of system components or 5% of
construction cost of components and connected storm water system- whichever is less)
 Equipment guarantee (100% for one year beyond the manufacturer’s warranty period)
Construction Performance Bond

A construction performance bond assures compliance with standard construction practices and
laws, and also with construction requirements of approved facility specific BMPs. It insures the
Eaton County Drain Commissioner in an amount equal to 100% of the cost of constructing the
stormwater treatment train or system components.
Maintenance and Guarantee Bond
After a site is completed and certified by an engineer, the owner (or owner’s contractor) must
submit a bond guaranteeing performance of the treatment train for a period of one (1) year
from date of final approval by the Eaton County Drain Commissioner. Maintenance guarantee
bonds must be for an amount equal to fifty percent (50%) of the cost to construct the system
components, or 5% of the total cost of constructing all system components and connected
stormwater systems.
Equipment Guarantee Bond
When proprietary devices are installed as part of a treatment train, the manufacturer must
submit schematics and a maintenance manual for the device(s). All equipment must be
covered by a manufacturer’s warranty against defect for a period of at least one (1) year. An
additional 12 months of coverage (in the form of a supplemental Maintenance and Guarantee
Bond) is required after the manufacturer’s warranty period. The supplemental bond shall be
structured to provide uninterrupted, continuous coverage.
B) Sample Bonds
Many commercial insurers prefer to use their own form of bond. All commercially- backed bonds
must be accompanied by a statement of General Power of Attorney attesting to the ability of the
signer to obligate the insurer for the full value of the bond.
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Stormwater Management Construction Performance Bond
KNOW ALL MEN BY THESE PRESENTS, that we, ___________________________, located at
_____________________________________, as Principal, and ________________________, a corporation duly
authorized as a surety company to transact business in the State of Michigan, as Surety, are held and firmly bound
unto the Eaton County Drain Commissioner, representing Eaton County, a municipal corporation under the laws of
the State of Michigan, as Obligee, in the sum of __________________ (Dollars) ($
) in lawful money of the
United States, for the payment of which sum, well and truly to be made, we, the Principal and Surety, unconditionally
bind ourselves and our heirs, executors, administrators, successors and assigns, jointly and severally, firmly by these
presents:

For the project identified as: _________________________________, (the Development).
WHEREAS, the Principal has submitted an Erosion and Sediment Control and/or Stormwater Management Plan for
the above described land disturbing activity to the Eaton County Drain Commissioner, a copy of which is hereby
attached and made a part of this performance bond;

AND WHEREAS, the Eaton County Drain Commissioner has approved the construction and storm water
management plan for the Development and has agreed to issue permits for the same pending receipt of
sureties and other required documentation.
NOW, THEREFORE, the Principal agrees to promptly and faithfully perform in all respect the work
approved by the Eaton County Drain Commissioner, and to construct the Development in accordance with
the approved plan dated _______.
Principal agrees to maintain all public streets, sidewalks, public rights of way and downstream drainage
facilities in their respective conditions that existed prior to commencing land disturbing activity.
Principal agrees to indemnify and save harmless the Eaton County Drain Commissioner from all expenses,
damages, claims, and actions arising from or relating to the performance or nonperformance of the work
under the Permit by Principal or its agents, employees, or subcontractors. If Principal fails to satisfy any of
the above requirements, the Eaton County Drain Commissioner shall enforce this Bond and draw upon the
Security for up to the full amount thereof.
Principal and Surety agree the security will remain in full force and effect until the Certificate of Completion
for the project designated above has been signed, and until a maintenance guarantee bond has been filed
with the Eaton County Drain Commissioner.
Whenever Principal shall fail, and be declared by the Eaton County Drain Commissioner, to have failed to perform
required conservation activities, Surety, upon demand of Eaton County Drain Commissioner, may promptly remedy
the default. Additionally, the Eaton County Drain Commissioner after reasonable notice to Surety, or without notice
to Surety in case of emergency, may arrange for performance of Principal’s obligations and Surety shall reimburse
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the Eaton County Drain Commissioner such reasonable costs, but in no event shall the aggregate liability of Surety
exceed the amount of this bond.

If the Eaton County Drain Commissioner is prevented from drawing upon the Security, Principal shall pay
interest on the unpaid amount of the demand at the rate of ten percent (10%) per annum. If suit is filed to
collect on this Bond or the Security, Principal shall pay the costs of the collection, including attorney's fees.
The condition of this obligation is such that if approval is granted by the Eaton County Drain Commissioner for the
above described and attached Erosion and Sediment Control and/or Stormwater Management Plan and if the
Principal within the time specified and in accordance with the said Erosion and Sediment Control and/or Stormwater
Management Plan shall faithfully perform required conservation activities, then the above obligation shall be void;
otherwise, it shall be and remain in full force and effect.

The Surety, for value received, hereby stipulates and agrees that no change, extension of time, alteration
or addition to the terms of the said Erosion and Sediment Control and/or Stormwater Management Plan
shall in any way affect its obligation on this bond and it does hereby waive notice of any such change,
extension of time, alteration or addition to the terms of the said Erosion and Sediment Control and/or
Stormwater Management Plan.
Surety binds itself and its successor and assigns to pay the full amount of the bond in accordance with and subject to
the terms and conditions set forth above.
The Principal and Surety agree to indemnify, defend and hold harmless the Eaton County Drain Commissioner, its
agents, employees and consultants from all law suits and actions for damages of every name and description
brought or claimed against it for or on account of any injury to person(s) or property received or sustained by any
party or parties, by or from any of the acts or omissions or through the prosecution of the Work included in this
obligation, and from any and all claims arising under the Workman’s Compensation Act, so-called, of the State of
Michigan.

SIGNED, SEALED AND DATED by Surety ACKNOWLEDGE AND DATED by Principal
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Maintenance Guarantee Bond
KNOW ALL MEN BY THESE PRESENTS, that we ________________________________________ located at
______________________________
as
PRINCIPAL,
and
_____________________________
a corporation duly authorized to transact business in the State of Michigan, as SURETY, are held and firmly bound
unto the Eaton County Drain Commissioner, Obligee, in the sum of __________________________________Dollars
($__________________), the payment whereof well and truly to be made, the Principal and the Surety
unconditionally bind themselves, their heirs, executors, administrators, successors and assigns, jointly and severally,
firmly by these presents.

For the project identified as: _________________________________, (the Development).
WHEREAS, the Principal has constructed the Development in accordance with plans approved by the Eaton County
Drain Commissioner, and has submitted an engineer’s Certificate of Completion as required by the same.

AND WHEREAS, it was agreed that upon completion of the work, the Principal would furnish a bond and/or security
acceptable to the Eaton County Drain Commissioner guaranteeing to repair any and all defects due to inferior
materials or faulty workmanship.

NOW THEREFORE, the condition of this obligation is such that if the Principal shall remedy any defects due to faulty
materials or workmanship, and pay for any damage to other work resulting therefrom, which shall appear within a
period of one (1) year from the date of acceptance of the Certificate of Completion and this Security by the Drain
Commissioner, then this obligation to be void; otherwise to remain in full force and effect, for a period of one (1) year.

During the warranty period, defective workmanship or material shall be repaired promptly by the Principal in
a period of time deemed appropriate by the Eaton County Drain Commissioner. Failure by the Principal to
promptly remedy defects will result in the Eaton County Drain Commissioner ordering or conducting the
work on the Principal’s behalf. The Principal shall within ten (10) days of receipt of an invoice fully
reimburse the Eaton County Drain Commissioner for actual costs plus administrative fees if any. Nothing
shall prevent the Eaton County Drain Commissioner from drawing on the security of this obligation for any
unreimbursed expense.
If necessary to undertake immediate repairs to protect life and/or property, then and in that case, the Eaton County
Drain Commissioner may take such steps to repair or barricade such defects without notice to the Principal. In such
accounting the Eaton County Drain Commissioner shall not be held to obtain the lowest figure for doing of the work
or any part thereof, but all sums actually paid therefore shall be charged to the Principal. The Principal shall within
ten (10) days of receipt of an invoice fully reimburse the Eaton County Drain Commissioner for actual costs plus
administrative fees if any. Nothing shall prevent the Eaton County Drain Commissioner from drawing on the security
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of this obligation of any unreimbursed expense. In this connection, the judgment of the Eaton County Drain
Commissioner is final and conclusive.

The Principal and Surety agree to indemnify, defend and hold harmless the Eaton County Drain Commissioner, its
agents, employees and consultants from all law suits and actions for damages of every name and description
brought or claimed against it for or on account of any injury to person(s) or property received or sustained by any
party or parties, by or from any of the acts or omissions or through the prosecution of the Work included in this
obligation, and from any and all claims arising under the Workman’s Compensation Act, so-called, of the State of
Michigan.
SIGNED, SEALED AND DATED by Surety

ACKNOWLEDGED AND DATED by Principal
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Irrevocable Letter of Credit
Reference No. ____________________
Date: ______________________
Name and Address of Beneficiary: ___________________________________________
Expiry Date: _____________________
BY THE ORDER OF: {name and address of insured account}
We hereby issue in your favor our Irrevocable Credit No. ____ for the account of ______________ for an
amount or amounts not to exceed in the aggregate US Dollars $______, available by one or more of your
drafts at sight on issuer name and address, effective ___________ and expiring at our office on _______.
The expiry date of this Letter of Credit shall be automatically extended at each expiry date for an additional
calendar year unless the Eaton County Drain Commissioner shall receive notice of non-extension from the
Issuer by certified mail, return receipt requested, no less than forty-five (45) days prior to such expiry date.
Funds under this Credit are available against your draft(s) mentioning our credit number. The following
must be presented at sight on or before the expiry date on this instrument in accordance with the terms and
conditions of this letter of credit:
a) The original Letter of Credit,
b) A written statement signed by an authorized representative of the Eaton County Drain
Commissioner that:
 the draft is drawn under Issuer's Letter of Credit No. in connection with project name;
 the requirements for discharge of the bond for the name project have not been satisfied; and
 the amount of the draft.
SPECIAL CONDITIONS: Should the Eaton County Drain Commissioner decide to cancel this Credit prior
to expiration, the original letter of credit must be returned to us for cancellation with the following signed
statement by the beneficiary: “This letter of credit is no longer required by us and is herewith returned to
name of issuer for cancellation”.
This Credit sets forth the full terms of Issuer's Obligation to the Eaton County Drain Commissioner. It is
separate from and shall not be subject to or supplemented or modified by any agreement, which refers to
this Letter of Credit or to which this Letter of Credit relates.
We engage with you that drafts drawn under and in conformity with the terms of this Credit will be duly
honored on presentation if presented at the address of Issuer given above or at a branch office of Issuer on
or before the expiry data set forth above.
This Credit is subject to the Uniform Customs and Practice for Documentary Credits (most recent revision)
International Chamber of Commerce Publication No. 500.
Because this form requires presentation directly to the institution backing the credit, Eaton County may
elect to refuse a letter of credit issued by an out of state institution with no local branches.
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Eaton County expects the options for Offsets and Credits to become available when the 2013 NPDES
permits is issued.

OFFSETS

Development and redevelopment projects in Eaton County must include measures that regulate the
amount of runoff to a public storm or an adjacent property, and that protect water quality through onsite pollutant control practices. Severe restrictions imposed by the physical characteristics of a site
however may limit its development potential absent additional consideration. Eaton County has
requested approval to offer an offset option when physical conditions at a proposed development site
prevent full implementation of water quality assurances, or when management of stormwater runoff
quality and quantity can be addressed best through a regional approach. Onsite practices to remove
pollutants associated with stormwater runoff will be required in all instances (first flush). However,
retention required for stream bank protection may be an acceptable application of the Offset provision
of this Manual in those instances where regional detention or retention has already been provided, and
where conveyance between the subject property and treatment area consists of underground pipe.
Eaton County is not required and does not intend to routinely offer this option. All other methods for
control must first be exhausted before an application for an offset will be entertained. The clear intent
of the water quantity and quality criteria outlined in the Manual is to encourage onsite compliance with
these rules whenever possible.
Eaton County’s NPDES Permit restricts movement of surface runoff from one watershed to another. For
purposes of this section of the Manual, a watershed is defined as one of the first tier regulated outlets to
the Grand River. Most of these outlets are established county or intercounty drains although some
remain in private hands. First tier watersheds affecting Eaton County are listed in Appendix E.
A subwatershed is defined as a drainage district lying within one of the regulated watersheds. Certain
offsets between subwatersheds are allowed provided discharge to the first tier outfall remains
unchanged.
In isolated instances, Eaton County recognizes that extensive onsite BMP implementation, even when it
may be physically possible, is not always the most effective method for controlling content and quantity
of stormwater runoff. Therefore, provisions for requesting and administering an offset option have
been developed, including an offset administration fee system (separate from other fees associated with
approval for land development).
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Eaton County has identified three instances where an offset may be suitable. An offset may be allowed:




to facilitate development and redevelopment on sites which could not otherwise be reasonably
used in the manner proposed,
to reduce cost and improve overall quality of stormwater runoff management from a larger
area, and
to avoid unnecessary delays and drawn out approval processes.

A measure or practice used for an offset cannot be a something that is already required under an
existing law, regulation, ordinance or rule. For example, the restoration of a wetland required as
mitigation for some other purpose cannot also be used as a stormwater offset. Similarly, reforestation
required under a conservation program or local ordinance cannot also be used as credit toward an
offset for water quality improvement.
Offsets must result in water quantity or water quality reductions equal to one and one-half times (x1.5)
the requirement that would have applied to onsite treatment measures.
Offset fees will, at minimum, cover all costs incurred by the Drain Commissioner for approving a private
offset design. Where a public facility is already available, or is anticipated within a reasonable period of
time, the offset fee will be determined during plan review. In all instances, when determining an
appropriate offset fee, Eaton County may consider the value added to a site by reductions in physical
restrictions imposed by onsite BMPs.
1) Administering a Stormwater Offset Option
When water quantity or quality BMPs required by this Manual cannot be fully accommodated on a site,
Eaton County may allow a developer to utilize a stormwater offset. Approval of an offset does not
relieve a developer from responsibility for stormwater pretreatment and at- source controls. It simply
allows a portion of the treatment process to be installed elsewhere, subject to strict criteria. The Drain
Commissioner will determine if onsite BMP controls are impractical, and if installation of an offsite
control measure would be more effective.
Offsets may be available under the following situations and must be approved in advance by the Drain
Commissioner:





The use of onsite BMPs to treat runoff generated by development or redevelopment cannot
completely fulfill water quantity and water quality requirements imposed by Eaton County’s
NPDES Permit or this Manual;
Drainage from adjacent properties does not allow onsite BMPs to fully address water quantity or
quality issues at the point of discharge from a site;
Construction of on-site BMPs is not feasible, is insufficient to protect downstream resources, or
is impractical; or
A public facility designed to provide treatment for a much expanded watershed area is or will
shortly be available.
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Eaton County may allow payment of a contractual offset fee to be applied toward the cost of enlarging
or modifying an existing public treatment facility, or a proposed new public facility, including additional
surveys, land acquisition and engineering. Payment of a contractual offset fee will not affect any
subsequent base assessment amounts for a drain improvement project undertaken by the Drain
Commissioner.
Applicants must provide maximum stormwater runoff treatment on the project site. A proposal lacking
all of the possible onsite control measures will not be approved.
Offsets must normally be located as close as possible to the actual development or redevelopment site
within the same subwatershed or legal drainage district. If, due to insufficient capacity in an existing
storm drain, a developer proposes an offset in an adjoining subwatershed, assurances will be required
that no additional water quality impairments will occur in that subwatershed.
2) Request for a Stormwater Offset
An applicant must demonstrate that full compliance with the water quantity and water quality
requirements of this manual is not feasible or practical at the site using onsite stormwater BMPs.
Supporting documentation, including but not limited to, detailed information about current or historic
land use, soil borings, or soil contamination analyses, shall be submitted to the Eaton County Drain
Commissioner with a formal request to employ an offset or to pay a contractual offset fee.
A developer may submit a request to use an offset in either of the following scenarios:


Physical factors and/or site conditions prevent the use of any urban BMP at the development
site. The request must identify which BMPs were considered and the design calculation, and
must convincingly state why onsite total treatment practices are impractical. The size of the
offset approved for this scenario will be 1.5 times the calculated amount of water quality and
quantity benefit for the entire site, including the additional land area realized by removal of the
BMP footprint from the site.



Stormwater BMPs are installed at a site, but are insufficient to meet the entire water quantity or
water quality requirements for the site. A small redevelopment project where BMPs are already
employed but cannot be modified to increase performance to the desired level of pollutant
removal would be an example. For this situation, the offset would be 1.5 times the water
quantity and quality requirement for that portion of the total loading not removed by any of the
onsite BMPs.

The Drain Commissioner will determine from evaluations provided by the developer and from internal
studies or experience if onsite BMPs alone will be sufficient to meet water quality and channel
protection goals. The decision of the Drain Commissioner will be final.
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The Drain Commissioner may consider any of the following factors when determining if onsite
stormwater BMPs are feasible or practical, and if the application of an offset is warranted:








a high water table (less than four feet from the surface),
restrictive terrain (greater than 5% slope),
severely compacted soils or fill where infiltration will be ineffective,
contaminated soils where additional infiltration may create further exposure or harm to the
groundwater,
insufficient space for water quantity BMPs due to underground utilities etc.,
a comprehensive stormwater management plan that already includes an offset program, or
other factors shown to prevent or limit the use of water quantity or water quality BMPs on a
site.

3) Acceptable Offset Opportunities
Examples of offset options or opportunities are described below. Applicants are encouraged to innovate
and develop additional methods to comply with Eaton County’s NPDES Permit requirements. These will
be reviewed and if acceptable to the drain commissioner, approved on a case-by-case basis. Design
criteria are discussed in Part 3 of this Manual.
a) Construct a new treatment BMP incorporating an expanded catchment area.
A new treatment BMP could be constructed in an area that serves both a development site and
adjoining lands where structural or non-structural BMPs do not already exist, or where existing
treatment methods may be inadequate to fulfill requirements of Eaton County NPDES Stormwater
Permit. This option is most appropriate in urban areas where benefit to a larger catchment area may be
achievable.
Good candidate sites for new BMPs include lands on which public or private parks, schools, government
buildings and recreational areas are located. New structural and non-structural stormwater BMPs can
also be located on private lands, including residential open spaces, industrial parks and institutional
areas. When private lands are used to site a BMP, the developer must provide chain of title information
and identify existing physical encumbrances (utility easements, etc.). In those instances, the developer
will have to work with the Drain Commissioner to resolve liability, maintenance and compensation
issues. BMPs located on private lands must be maintained as stormwater practices over the long term.
Therefore, a general access easement and maintenance covenant are required from the owner of the
land encumbered. A developer may also acquire the land needed for a new BMP provided there is a
mechanism in place to guarantee perpetual maintenance.
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b) Convert an existing BMP to enhance pollutant removal and improve channel protection.
Improving the efficiency of an existing BMP (usually a detention basin) can be an attractive retrofit
option. Older stormwater BMPs were often designed to control runoff quantities with minimal regard
for quality improvements. A dry detention basin for example may be retrofitted by modifying hydraulic
controls to increase detention times, by creating a permanent pool within the basin, or by creating a
shallow marsh for infiltration and transpiration, or any combination thereof. In addition to improving
pollutant removal rates, this type of retrofit also enhances community and landscape amenities.
Because the land is already occupied by the basin, the cost associated with a retrofit of this type is
usually much less than the cost of building new elsewhere.
The most attractive candidates for retrofitting are large dry stormwater management ponds or flood
control structures designed for large storms (i.e., the 10- and 100-year storm events). The conversion
process varies from site to site and may involve sacrificing a fraction of total stormwater management
storage for extended detention. This can be accomplished by modifying the riser, excavating to deepen
the basin, soil modification to promote infiltration, raising the embankment wall, or some combination
thereof.
Although publicly maintained facilities (PMF) may be the best candidates for retrofitting, there are large
numbers of private facilities also available. There may be considerable interest in BMP redevelopment
on the part of its private owners, particularly if the existing structure is unattractive, is considered a
nuisance, or presents chronic maintenance problems. When a retrofit occurs on a private system,
maintenance easements and agreements are required for both the offset site and for the development
site where the bulk of pretreatment will occur.
Pollutant removal associated with the conversion of an existing BMP can be calculated using guidelines
found in Part 3 of this Manual.

c) Modify an existing conveyance network to enhance pollutant removal.
Existing conveyance systems in most communities include a network of storm drains, swales, ditches
and catchbasins, which can all provide opportunities for retrofits. Storm drains managed by the Drain
Commissioner are mostly a collection system without point source or inline treatment. A goal of
modification is to promote greater detention time or infiltration possibilities within an existing
conveyance system. This can be accomplished by increasing storage time and including exfiltration, or
adding off-line (diversion) sedimentation facilities.
Examples of engineering solutions involve modifying storage or release rates of catchbasins to enhance
settling (with a corresponding aggressive cleaning schedule), retrofitting existing residential areas with
low-cost dry wells to reduce runoff, incorporating dry swales in the treatment train, and adding grassed
channels with check dams.
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Opportunities to incorporate treatment at points of collection or discharge should also be investigated.
In addition, a developer may work with the Drain Commissioner to determine if a storm drain network
can be modified by relocating collection or discharge points to areas where adequate land exists for
intensive stormwater treatment.
This example of an offset is highly specific to a site and the existing stormwater conveyance network.
Because of these variables, the Drain Commissioner, with input from his own consultant and the
developer’s engineer, will determine the appropriate offset credited toward this option.

d) Reduce imperviousness of an existing, offsite property.
Some of the filled out areas in Eaton County are already so intensely developed that there may be
limited surface area available for an offset option. Many of the county’s commercial corridors fall in the
category. In these situations, the Drain Commissioner may consider reductions to or elimination of
existing impervious cover on an adjoining or nearby publicly or privately owned parcel as a potential
credit, subject to the following criteria:




the proposed modified site naturally drains through the redevelopment site, or
the proposed modified site is downstream from a redevelopment site but ahead of the
discharge to a storm drain conveyance system, or
a proposed modified site lies adjacent to a redevelopment site but represents a measurable
portion of overall discharge to a common storm drain outlet.

In all instances, the surface modification must occur within the same drainage district, subwatershed or
offset area to be considered for credit.
Abandoned or tax delinquent properties are often available and can be easily converted to vegetated
open space, maintained through a perpetual easement. There may be opportunities to purchase
development rights or for acquisition of unused portions of already developed land for surface
conversion. A review of aerial photography and the tax delinquent property rolls will be helpful for
locating potentially available parcels.
The developer should collaborate with the Drain Commissioner to determine the exact impervious
factors to be used when calculating the offset credit to be gained with this option. Adding native trees
and shrubs in areas where groundcover conversion has occurred may increase the amount of credit
available for improving water quality, and may modify required water quantity controls. See Part 3 of
this Manual for additional information.
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e) Innovative Offset Options.
Site planners are encouraged to apply innovative methods that can provide a reasonable estimate of the
water quantity and water quality improvements generated. Those options could include:
Restore a degraded wetland. Wetland filling or draining for development purposes has contributed
significantly to stream deterioration by fragmenting natural floodplains and reducing or eliminating
filtering and filtration capabilities. Storm drains constructed in conjunction with a filling operation add
to stabilization problems in receiving streams by decreasing time of concentration in the flow path.
Reconnecting isolated segments of a floodplain and restoring historic wetlands may be an acceptable
offset credit.
Examples of restoration activity include removing construction fill material from earlier development,
removing or lowering old excavation spoil banks and/or restoring openings to adjacent floodplain areas,
closing off private roads that act as dams or levees, restoring natural circulation patterns (i.e. flow
meanders), planting marsh vegetation where appropriate, and removing bulkheads or other manmade
structures that disrupt natural flow.
Wetland restoration projects require approval from the DEQ, including documentation of water quality
improvements and habitat benefits. Wetland restoration projects required to fulfill other federal, state,
or local requirements cannot also be used for offset credit. Certain improvements within a restored
wetland that exceed the requirements of a wetlands permit however may be considered.
Establish a riparian reforestation project. A forested riparian buffer is a plant zone located immediately
adjacent to a stream, river or body of water, with vegetation reflecting the pre-development plant
community for that area. Typically plantings include grasses and rushes, small shrubs, and trees with
spreading canopies. The ideal buffer averages at least 100 feet in width, and provides soil stabilization,
surface water filtration and year round habitat for birds and small mammals. Although reforestation
along a county or intercounty drain may conflict with maintenance activities, typically a portion of the
permanent drain easement can be sacrificed to establish a dense riparian buffer. Offset credits are
determined by the extent of reforestation, taking into consideration both length and width.
Another possibility is to establish a non-riparian buffer strip adjacent to a land use that contributes
significant phosphorus pollutant loads in runoff water (agricultural and pasture lands for example). This
type of buffer requires a permanent easement, secured by the developer. The owner of the adjacent
property can enroll in any one of a number of programs that (in some cases) include tax incentives.
Among those programs are:




Conservation Reserve Program (CRP), administered through the Farm Services Agency (FSA) of
USDA,
Environmental Quality Incentive Program (EQIP), administered through USDA/NRCS, and
Wildlife Habitat Incentive Program (WHIP), also administered through USDAA/NRCS.
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In addition, private organizations, such as Pheasants Forever, often participate when a landowner
pursues an activity that will result in improved habitat for ground- nesting birds.
Improve an existing stormwater retention pond with a vegetated or forested buffer. Creating a natural
buffer around an existing retention pond offers numerous benefits. Aesthetic appeal, shade to minimize
water temperature fluctuation, habitat for birds, mammals and waterfowl, and protection against
development impact from all areas contributing runoff to a basin are all identifiable benefits that may
result in a stormwater credit for water quality.
Plantings must not impair integrity of embankments, and should not be located within the maximum
design pool elevation (typically the 100-year runoff event). In addition, trees should be spaced to
minimize conflicts during maintenance cleanout operations. Often fast- growing shrubs offer minimal
resistance and are less easily damaged than large trees. The latter should be spaced to allow access by
construction equipment. The remainder can be filled in with low- growing woody shrubs. In addition,
dense ground cover is imperative for success.
Over-design a pending project. A Developer who is unable to entirely comply with water quantity and
quality requirements may expand the design of a feature intended to address runoff from a much larger
area (as in a phased development) to make up the difference. All offsets require added treatment (at a
ratio of 1.5 to 1). In the example, over-design refers to the required treatment volume for all lands that
will eventually be served by the BMP, plus one-half of the treatment volume for that portion seeking
offset credit. The solution may be as simple as increasing the size (including pretreatment capacity) of a
BMP. Application of this option will be considered on a case-by-case basis. Note that an offset awarded
to a site utilizing this option cannot be reissued at a later date for other development within the same
catchment area without additional, corresponding improvements to the BMP.
In order to receive credit for this option, the applicant must demonstrate:






the over-design is part of a larger, phased development,
that built-out plans exist for all phases of the development,
the design still meets stormwater regulations of the Drain Commissioner,
the design fulfills onsite pollutant removal requirements, and that
the BMP will be operational before the project is completed.

Innovative approaches to stormwater design, while encouraged throughout this Manual, require that an
agreement be reached in advance concerning the amount of stormwater credits available. This issue
should be thoroughly vetted at the Concept Meeting so that the parties are able to work out a
consensus agreement before final design is presented for approval.
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4. Methods for Fulfilling Offset Requirements
The Drain Commissioner will consider one of three approaches when an applicant submits a request for
an offset, each being dependent on conditions specific to a site and the estimated or demonstrated
capabilities of the applicant:
Offset Method 1
The Drain Commissioner will conduct a formal review of a proposal submitted by a Developer who will
be responsible for locating and securing an acceptable site or project for an offset, and for performing
all subsequent design, construction and maintenance activities. Eaton County will prescribe general
design and procedural guidelines, review the offset plan for conformity, require and hold a performance
bond, and conduct periodic inspections.
Offset Method 2
Eaton County may actively “broker” by directly assisting the developer during land or easement
acquisition. The developer is still required to purchase land (or an easement), design, construct and
maintain the BMP, but the Eaton County officials will collaborate to assist in locating a suitable location
or project. Participation in this approach is optional for County officials and should typically be the
method of last resort.
For either of these methods, the Drain Commissioner may accept the facility as a PMF after completion
if requested. Typically this procedure is accomplished though (and subject to requirements of) Section
433 of the Michigan Drain Code. The potential for using either of the options listed above, together with
dedication, should be thoroughly discussed at the Concept Meeting.
Offset Method 3
Using this approach, the entire process of purchasing land, acquiring easements, designing and building
an offset is handled by Eaton County, usually in conjunction with a larger drain improvement project.
The offset fee will be based on additional cost beyond that which would normally be incurred by the
drain project. This includes the cost of acquiring additional land, designing for extra treatment capacity,
and the additional cost of construction to achieve water quality and quantity goals for the privately- held
development.
An offset facility approved under this method is generally constructed within two years after a
development project is completed. However, the Drain Commissioner may extend the timeline in order
to complete pre-construction procedures required by the Michigan Drain Code. After construction, the
Drain Commissioner is responsible for all post-construction activity. This approach is most applicable
when Eaton County has already begun designing a drain improvement project with treatment facilities.
The method will not be available unless a Board of Determination has acted favorably on a petition for a
drain improvement.
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The Drain Commissioner is responsible for tracking and reporting overall performance of the offset
program. As experience is gained, fine- tuning of the approaches listed may occur.

5. Elements of the Eaton County Offset Program
For effective implementation, four elements have been incorporated into the Offset option. The level of
effort and responsibility for each element varies, depending on which offset program approach is
utilized.
a) Inventory available opportunities
Information about potential offset locations is not typically available on demand from Eaton County.
Instead developers are encouraged to review tax records and to consult the USDA/NRCS Soil Survey of
Eaton County, Michigan for potential sites. Eaton County’s offset provision does not allow diversions
between watersheds but there may be opportunities for alternative outlets between adjoining drainage
districts as allowed under the Michigan Drain Code.
Because Eaton County does not annually survey properties for offset opportunities, locations and
available water quality credits will be determined on a case by case basis. Developers are encouraged to
consult with local planning officials when searching for and choosing an offset location.
b) Provide a mechanism for implementation
Eaton County’s regulations spell out how the offset program is to be administered, who will be
responsible for maintaining records, and who is responsible for each of the four phases of
implementation. Successful implementation of an offset requires the following:
i) Preplan for an offset. After the Concept Meeting, a developer may submit a proposal for
creating an offset on an adjacent property (but within the same watershed) or participating
financially in a project already under development by the Drain Commissioner. The developer
must be prepared to discuss the benefits associated with a particular offset location, and the
amount of water quality credits requested. If the Drain Commissioner and developer mutually
agree to a location, preliminary plans with an estimate of the cost of construction and
subsequent annual maintenance may be submitted for review. The Drain Commissioner will
determine the amount of water quality credits (as well as required treatment capacity) based on
engineering data submitted by the developer. The proposal will include provisions addressing
both water quality and quantity. During this phase of implementation, the Drain Commissioner
will also determine how the offset can best be protected (transfer of ownership or maintenance
easement and agreement).
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ii) Submitting a design. Design analysis must include hydrologic and hydraulic computations,
and any required geotechnical evaluations (suitability of location for a particular BMP). After
the Drain Commissioner has approve final design for stormwater conveyance, structural BMPs,
and non-structural BMPs, the developer’s engineer may submit contractual documents for
review and approval.
iii) Building the offset. After awarding a contract, the developer’s engineer shall be responsible
for construction oversight, and shall maintain records, particularly as they relate to storm water
conveyance and treatment. Construction records shall be incorporated into the final modified
plan submitted to the Drain Commissioner as required by the maintenance covenant. Eaton
County will periodically conduct its own inspections to become familiar with operations of the
stormwater facilities.
Inspections for stormwater compliance and soil erosion and
sedimentation control may be conducted simultaneously.
iv) Maintaining an offset. Prior to issuance of a construction permit, the developer must submit
a maintenance plan for review. Regular inspections and repairs as indicated by the plan shall be
conducted and recorded by the developer or landowner of record. Maintenance reports must
be available for inspection for the three year period prior to the date of a request by Eaton
County. Landowners are encouraged to use these records to determine annual budget
requirements. After three years, records of maintenance activity may be archived or destroyed.
c) Provide a mechanism to establish short- and long term financing
An important element of any offset program is financing. In some instances it may be appropriate to
collect an offset fee when an offset opportunity has been identified but cannot be immediately
implemented (as when the Drain Commissioner is developing a drain improvement project that includes
full treatment capacity). Collection of offset fees allows a developer to pay in advance to help finance
the public sector improvement. The amount of the fee is variable and must be equal to 1.5 times the
amount of the unmet pollutant removal requirements at the developer’s project site.
In other instances (as when the BMP will be privately maintained) the Developer must demonstrate
capacity to properly maintain the facility by submitting an estimated budget for consideration by the
Drain Commissioner. Subsequent maintenance budgets may be refined from results of actual
maintenance expenditures from records maintained by the Developer or landowner.
d) Establish a offset tracking system
The Drain Commissioner will maintain records of the offset program and develop a tracking system to
demonstrate in reasonably quantitative terms that the program is in fact, accomplishing its intended
objective. The Drain Commissioner will keep detailed and accurate records of pollutant loadings
associated with specific projects, fees collected, and money expended on individual and cumulative
remedial measures.
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6. Offset Fees
The developer and Drain Commissioner will agree in advance to the amount of the fee associated with
an Offset request. Offsets associated with enlarging an on-going public treatment project must be
sufficient to cover the cost of designing and constructing the added treatment capacity. The
determination of an offset fee will include consideration for all of the following:
a) Planning Commitment
Proper implementation of an Offset opportunity requires a commitment on the part of Eaton County
officials to conduct field investigations, screen properties, review proposals, and coordinate activities
with other public and private agencies. Additional expense may be associated with negotiations for
easements over private lands, and with watershed modeling if deemed necessary.
b) Design Commitment
Design costs will be incurred during the offset approval process and during preparation of construction
drawings and specifications. Coupled with oversight and inspection expense during construction, the
cost of design commitment may reach as much as 20% of the cost of constructing the offset.
c) Construction Commitment
Construction expense can vary, depending on type and location of an offset project. When determining
the amount of an offset fee, Eaton County will take into account the value of the land encumbered even
when publicly owned lands are utilized.
d) Maintenance Commitment
Maintenance costs must be considered in order to assure continued operation of a stormwater BMP
after construction. Consequently, a mandatory element of any offset program is the reservation of
funds to cover anticipated maintenance costs. Typical stormwater BMP annual maintenance costs are
estimated to be 3 to 5% of the initial construction cost and cover both routine tasks (e.g., grass mowing,
inspection, debris removal) and sediment removal. Incremental maintenance costs associated with
offsets that involve retrofitting an existing BMP are largely confined to extra sediment removal
expenses, which are typically estimated to be 1 to 2% of the initial construction cost per year.
For publically maintained facilities (PMF), the cost of maintenance will only be calculated on expenses
associated with that part of the BMP constructed to accommodate the development.
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STORMWATER CREDITS for WATER QUALITY

The stormwater management regulatory and design criteria described in this Manual are designed to
provide incentives for reducing imperviousness on construction sites. The four stormwater
management objectives listed below





stable conveyance and channel protection,
flood control protection,
groundwater protection and recharge,
and water quality protection,

are each directly impacted by the amount of impervious cover in a watershed. Reducing imperviousness
lowers the overall amount of runoff and reduces the first flush volume. Less land is needed to construct
artificial treatment methods, and the cost to develop a property is reduced accordingly.
In recent years, states have sought to encourage expansion of proven techniques for water quality
improvement by allowing consideration for non-structural stormwater credits. Stormwater credits are
applied against the total quality treatment or recharge storage volume. The six non-structural practices
explained below may be suitable for meeting a portion of the required water quality treatment volume
for a site.
Stormwater credits are also a useful tool for encouraging preservation of natural areas. Proper
application of a non-structural BMP impacts the size and cost of stormwater conveyances and treatment
systems on a site.
Non-structural practices are increasingly recognized as critical components of effective stormwater
management design. In most cases, non-structural features are combined with other structural
practices to complete a treatment process. A key benefit of any non-structural practice is that it reduces
the amount of runoff generated which also impacts sizes of downstream BMPs. Non-structural practices
can also contribute to groundwater recharge.
While stormwater credits may be appropriate for many types of sites, they are ideally suited for low
density residential development and for large commercial sites where open space preservation or
conservation designs can be employed.
Eaton County will evaluate each site individually to determine if stormwater credits will be made
available. Downstream restrictions to flow, physical impediments at a site, insufficient length of flow to
generate the required benefit, excessive contributing area which may lead to erosion and the ability of a
landowner to properly maintain a non-structural BMP will all be considered.
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1) Stormwater credits and calculation
Stormwater credits are only available when one or more of the following non-structural practices are
employed at a site:
 Conservation and preservation of existing natural areas (natural area conservation)
 Disconnect drainage from rooftop areas (rooftop disconnect)
 Disconnect path of runoff from non-rooftop areas (runoff flowstream disconnect)
 Construct stream buffers (stream buffer areas)
 Employ grass channels for surface water conveyance (grass channels)
 Restore a prairie or forest (vegetation restoration and reforestation)

Stormwater credits are fairly simple to calculate, easy to delineate on a site plan, and can be quickly
verified in the field. The following paragraphs provide background material and specify criteria for
eligibility. The application of a credit does not relieve a designer from standard engineering practices
associated with safe conveyance and drainage design.
2) Application of Non-Structural Stormwater Credits
Each of the six groups of non-structural practices described below reduces imperviousness and
enhances stormwater management efforts. The application of non-structural credits is primarily
directed to the water quality volume requirement. Any combination of the six non-structural practices,
or other non-structural practices approved by the Drain Commissioner, may be employed. Multiple
credits may be available for a development, but only one credit can be applied in a given area of a site.
As noted in Part 3 of this Manual, a developer must treat the first one (1) inch of runoff from a site to
meet water quality requirements of Eaton County (80% removal of sediments and associated
pollutants). However, an approved non-structural practice may be used to address a portion of the
constructed treatment volume down to the one-half inch treatment level. Reductions below this
threshold are not possible.
In addition to earning credits toward water quality treatment volume, application of a non-structural
BMP can have the added benefit of reducing storage volumes for larger storm event. The benefit is
realized by increasing time of concentration and reducing runoff curve numbers for post-development
hydrological modeling. These non-structural practices also enhance groundwater recharge and help to
maintain base stream flow.
a) Stormwater credit: Natural Area Conservation
Permanent preservation of natural features helps to maintain pre-development hydrology and protects
aspects of a site that are important to wildlife. Undisturbed natural areas mitigate the impact of runoff
from more intensely developed land through filtering, infiltration and protection against erosion. A
natural area (which must be identified during concept planning) may be eligible for a stormwater credit
if it remains undisturbed during construction and if it is protected by a permanent conservation
easement.
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The easement must describe allowable uses and activities (or conversely, uses that are not allowed), and
must restrict future development within the protected area. Potential conservation areas include
undisturbed forests, prairies (native grasslands), unregulated floodplains and riparian areas, ridge tops
and steep slopes, and stream, wetland and shoreline buffers. Regulated wetlands or floodplains and
associated mitigation areas are not eligible for a stormwater credit.
Credits:
A Natural Area Credit may be available for taking steps to protect undisturbed soils and native
vegetation in areas physically suitable for rainfall interception and storage, infiltration and filtering, and
for the direct uptake of pollutants. Portions of a site preserved in this manner may be eligible for more
than one credit, such as the addition of a buffer along the edge of the protected area.
The total combined area of all conservation areas multiplied by their percent perviousness can be
subtracted from the total area of the site when calculating the water quality volume which must be
captured and treated by structural BMPs. The percent perviousness of the natural conservation areas
will be determined from soils, ground cover and slope.
Conditions for Credit:
a) A credit will not be issued for an area that cannot be developed due to existing statutory or local
restrictions on development.
b) The minimum combined surface area of all natural areas conserved on a site must exceed one
acre.
c) No disturbance may occur in the conservation area during or after construction except for
temporary disturbances associated with incidental utility construction or removal of nuisance
vegetation.
d) The allowable limits of disturbance around each conservation area must be clearly shown on all
construction drawings.
e) A long-term vegetation management plan must be prepared to maintain the conservation area.
Managed turf is not considered an acceptable form of vegetation conservation management.
Only passive recreational areas of dedicated parkland are eligible for the credit.
f) The conservation area must be protected by a perpetual easement that clearly specifies that no
future development or disturbance can occur within the area.
g) The credit cannot be granted for natural areas already protected by existing federal, state, or
local law.
h) Conservation areas should maximize contiguous area and avoid habitat fragmentation.
i) Additional credits may be available for establishing native plant community corridors or
naturally vegetated connections between conservation areas.
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b) Stormwater credit: Rooftop Disconnect
Disconnecting downspouts from rooftops and patios allows runoff to infiltrate in heavily vegetated
areas. The flow of water over a lengthy, irregular surface also removes fine suspended solids through
filtration. Under certain conditions, depending on soil texture and gradient, credit may be available for
both filtration and infiltration.
Credits:
Stormwater credits could be offered for disconnects that effectively spread runoff over an acceptable
pervious area while providing reasonable filtering and/or infiltration. In some cases, minor grading may
be needed to meet minimum overland flow conditions.
The disconnected impervious area multiplied by the percent perviousness of the area onto which it is
being discharged can be subtracted from the total area of the site when calculating the water quality
volume which is to be captured and treated by structural BMPs.
Conditions for Credit:
a) The length of a treatment disconnect is measured from the point of discharge of a downspout or
down drain to the point where resistance to surface flow decreases due to a change in the
nature of the surface material (paved area, storm drain, landscaped turf, etc.). Treatment
length must be equal to or greater than the length of any contributing slope with a minimum of
seventy-five (75) linear feet. Slope or grade cannot exceed five percent (5%).
b) Disconnects must address and adequately prevent basement seepage. Rooftops must be
evaluated to determine if they can be effectively disconnected without incurring structural
damage.
c) Meandering through a treatment area is an acceptable method for achieving the required
treatment length if the defined swale is sized to contain the greatest expected volume of runoff
from the catchment area.
d) For patio disconnects, the combined length of surface flow measured from the two points
furthest from the drain will determine if additional treatment area is required.
e) If shorter disconnection treatment lengths are anticipated, supplemental runoff storage devices
(dry well, rain garden, etc.) may be employed to receive credit. Capacity of secondary devices
must be equal to or exceed the deficit created by the shorter disconnect to receive a credit.
f) Credit for a disconnection on a residential lot is available only when lot size exceeds 6,000
square feet.
g) Where gutters and downspouts are not employed, runoff from a rooftop must be diverted to a
subsurface drain field not directly connected to the drainage network to receive credit. Soils in
the drain field must support infiltration.
h) Soil evaluations are not required if the USDA/NRCS Soil Survey of Eaton County, Michigan
indicates soils are relatively permeable (e.g., Hydrologic Soil Groups A and B).
i) On-site soil evaluations by an engineer, geologist or soil scientist are needed for less permeable
soils (Hydrologic Soil Groups C and D). Soil compost amendments may be needed to recover soil
porosity for compacted pervious areas.
j) If a disconnect treatment area also drains directly to a stream buffer, designers may seek credit
for only one of the non-structural practices.
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c) Stormwater credit: Runoff Flowstream Disconnect
A runoff flowstream disconnect is a wide slope that effectively diffuses runoff from small paved or
managed turf areas onto an adjacent pervious surface. Surface grading within the catchment area
should be done in a manner that encourages sheet flow. Spreading runoff over a wide area eliminates
concentrated discharges which required more intensive management techniques. Disconnecting small
areas of impervious cover from a storm drain system can significantly reduce total volumes and rates of
runoff.
Credits:
The effectiveness of a flowstream disconnect is governed by its length, slope, soil characteristics and
vegetative cover. The surface connection must be designed to prevent any reconnection of runoff with
the storm drain system. In some cases, minor grading of the site may be needed to promote overland
flow and increase vegetative filtering.
The square footage of an impervious area treated by a flowstream disconnect multiplied by the percent
perviousness of the area onto which it is being discharged, can be subtracted from the total area of the
site when calculating the water quality volume. Size of the pervious area is not included in the
calculation to determine a credit although it does figure into overall detention requirements for a site.
Conditions for Credit:
a) The contributing flow path from impervious cover should not exceed 75 feet, and the
recommended minimum length of the pervious disconnect is 75 feet. Length of the path of flow
from the contributing area can never be greater than the length of the non-structural
disconnect treatment area.
b) Compensatory in-line storage may be needed for contributing slopes exceeding 75 feet or for
disconnects with a treatment length of less than 75 feet.
c) The slope of a pervious area used as a disconnect cannot exceed five percent (5%).
d) No on-site soil evaluations are needed if the USDA/NRCS Soil Survey of Eaton County, Michigan
indicates soils are relatively permeable (e.g., Hydrologic Soil Groups A and B).
e) On-site soil evaluations by an engineer, geologist or soil scientist are needed for less permeable
soils (hydrologic groups C and D). Soil amendments may be needed to restore porosity of
compacted pervious areas.
f) If a disconnection ultimately discharges to a stream buffer, the designer may apply for either the
surface disconnection credit or the stream buffer credit, but not both.
g) The disconnection credit may not be used if the impervious cover is designated as a potential
stormwater hotspot.
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d) Stormwater credit: Stream Buffer Areas
Vegetated buffers are required by Eaton County to protect streams, lakes, floodplain boundaries, and
wetlands. The term “stream buffer” shall refer to any vegetative buffer designed to isolate one of those
sensitive areas from the remainder of a site. A stream buffer is not a vegetated buffer designed to
protect a steep slope from erosion.
The portion of a site permanently preserved as a buffer and maintained in native vegetation may
already be eligible for a natural area conservation credit. An adjacent area directly contributing sheet or
diffuse flow to a natural area may be eligible for additional credit if designed to promote infiltration and
filtering of runoff from another area on a site.
Credits:
Multiply the total area of treated impervious surface by 0.60 and subtract the result from the gross
water quality volume treatment amount required for the entire site.
Conditions for Credit:
a) To be effective, the average width of a buffer must be at least 50 feet, and no portion may be
less than 25 feet. Width is the distance measured perpendicular from the edge of a protected
feature to the defined outer edge of a buffer strip. Slope within the buffer shall not exceed five
percent (5%).
b) Maximum contributing flow path may be no more than 150 feet for pervious ground cover, and
no more than 75 feet for impervious cover. The average contributing overland slope to a buffer
cannot exceed five percent (5%).
c) Runoff must not enter the outer boundary of a buffer as concentrated flow. A linear depression
may be created along the upper edge of the buffer to diffuse runoff over a wide area.
d) A stream buffer credit will not be available if either a rooftop disconnect or runoff flowstream
disconnect uphill from the protected buffer has already received a credit.
e) Buffer areas must be isolated during construction to protect their filtering and filtration abilities.
f) Buffers must be maintained in a natural vegetative condition, with a long-term management
plan.
g) The area occupied by a buffer may qualify as natural area conservation credit.

e) Stormwater credit: Grass Channels
Formed curb with gutter and enclosed storm drains are designed for efficiency in removing excess
stormwater from a site. The downside of conveyance efficiency is severe fluctuation of peak discharge
limits (resulting in stream bank erosion), increase velocities (causing flooding), and transfer of pollutants
to receiving streams (increasing turbidity and reducing overall water quality). This problem is most
noticeable in residential subdivisions where traditional street design includes curbing to define
roadways, direct runoff to catchbasins, and limit parking in unpaved areas. Grass channels are a
preferred alternative if allowed by development density, topography, soils and slope conditions.
Although research has not demonstrated that grass channels remove pollutants reliably enough to
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qualify as a BMP, they have been shown to reduce runoff volumes during smaller storms (water quality
events) and are thus acceptable for a stormwater credit.
Credits:
Credits may be available for grass channel designs that demonstrably reduce runoff volumes for small
storms through infiltration and filtration. A properly designed and maintained grass channel will count
toward water quality volume reductions for certain kinds of residential development. The biggest
impediment to successful implementation of a credit of this type is developing a means to restrict
vehicular access within the channel filter area. In most instances, a restrictive covenant must be added
to a subdivision deed or condominium master deed.
When a grass channel is incorporated into a treatment train, the area of the grass swales multiplied by
its percent perviousness can be subtracted from the total area of a site when calculating the amount of
water quality volume which must be captured and treated. Percent perviousness is a measure of soil
conditions (type and degree of compaction), slope of the flow line, and type of cover.
Conditions for Credit:
a) Grass channel are most effective when constructed in residential areas where density is low to
moderate (no more than 4 dwelling units per acre).
b) The bottom width of the channel should be between two (2) and eight (8) feet.
c) Swale side slopes should be no steeper than 3h:1v.
d) The longitudinal slope of the grass channel should be between two and three percent (2-3%) for
efficient water conveyance.
e) Length of a grass channel must be equivalent to the length of roadway served.
f) Swales must be designed to contain runoff from a 2-year storm event, and the flow stream must
be held to non-erosive velocities.
g) A grass channel credit cannot be taken across a front yard if a rooftop disconnection credit
already been received.
h) Grass channels that conform to the dimensions above qualify for the credit, unless the
USDA/NRCS Soil Survey of Eaton County, Michigan indicates soils within the swale fall into
Hydrologic Soil Group D. If so, flow must be limited to one foot per second (1 fps) with an
average residence time of 10 minutes or more.
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f) Stormwater credit: Vegetation Restoration and Reforestation
Besides creating habitat diversity, restoring native vegetation or reforesting part of a site reduces the
total volume of runoff through infiltration, and the total water quality volume that must be treated
elsewhere. Organic litter from leaves and dead vegetation improves organic content and infiltration
potential. In the case of a reforestation project, when mature the resulting canopy provides protection
against erosion and adds to evapotranspiration. Properly sited, native grassland communities (prairies)
offer similar hydrologic benefits. Both types of restoration, if protected and maintained under a
conservation easement, may be eligible for a stormwater credit. Note that a restoration project, which
involves grading and planting, is not the same as natural area conservation.
Credits:
Multiply the area in a restored grassland or forest by its percent perviousness, divide the answer by 2,
and subtract from the total acres for which water quality volume must be calculated. Dividing by 2
simply recognizes that it may take years or even decades for a restored area to reach its full hydrologic
potential.
The post-development curve number within a reforested or revegetated area can be assumed to be
“woods or prairie in fair condition” for purposes of calculating a total CN for the entire site.
Conditions for Credit:
a) The minimum contiguous area of reforestation or prairie restoration must be greater than
20,000 square feet. No credit will be allowed for planting of individual street trees.
b) A long-term vegetation management plan must be prepared to assure continued and
uninterrupted viability.
c) The conservation area must be protected with a perpetual easement.
d) The method used for reforestation or restoration must achieve 75% forest canopy or prairie
cover within ten years.
e) The planting scheme, including species and required soil amendments, must be approved by a
registered landscape architect, prairie specialist, soils scientist, or forestry agency.
f) The contract for planting must include a care and replacement warranty extending at least three
growing seasons to ensure successful establishment of the new plant community.

3) Multiple Credits
Site designers are encouraged to utilize as many non-structural stormwater credits as possible to
achieve the greatest volume of stormwater runoff reduction, keeping in mind that with the exception of
disconnects to conservation areas, credits cannot be claimed twice for the same portion of a site.
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4) Other Strategies for Reducing Imperviousness
Site planning practices that minimize new impervious surfaces are encouraged. Innovative practices
such as green or vegetated rooftops, soil composting amendments, permeable pavements and pavers
with infiltration, and stormwater planters all have a positive influence on runoff reduction. Although
stormwater credits are not available for structural BMPs, where these techniques are employed they
can reduce the volume of storage required for channel protection while marginally improving water
quality as well.
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BMP CONSTRUCTION and MAINTENANCE INSPECTION PROCEDURES

Successful completion of a stormwater maintenance plan is dependent on the quality of inspections,
both during and after completion of construction. This section of the Manual is primarily directed
toward municipal employees responsible for conducting inspections at both public and private
developments. However, the guidelines are applicable for all inspections.
Preconstruction preparation
The inspector assigned to oversee construction will review the entire approved stormwater concept
plan and BMP construction plans. Preconstruction preparation requires completing the following tasks:
 Setting up an internal inspection log.
 Becoming familiar with the function and construction requirements for each BMP
 With the contractor and engineer, physically locating on the site where each BMP is to be
installed.
 With the contractor and engineer, inspecting fences that will restrict traffic from sensitive
areas.
 Identifying BMPs that will require full time inspection or certification by the builder’s
engineer.
Preconstruction meeting with relevant parties




Reviewing the construction time line with the engineer, the owners of the project, the
contractor or contractors, representatives from municipal agencies overseeing utility
installation and subsequent maintenance, and the erosion enforcement officer.
Emphasizing the importance of completing permanent detention or retention facilities and
their attendant outlets early in the schedule to allow time for soil stabilization before
temporary measures are removed as construction progresses.

Inspection activity during construction
Most contractors will insist on conducting mass grading as the initial stage of construction. If erosion
control measures are in place, mass grading is acceptable provided the outlet and permanent basin
facilities are also constructed (and protected) during this time. During construction:
 Inspect permanent BMPs as they are phased in, constructed and stabilized.
 Require immediate attention to deficiencies or failures noted during subsequent inspections as
work progresses on a site.
 As buffer zones are completed around basins, require contractor to restrict access.
 Require the developer’s engineer to certify final elevations of outlets from detention facilities.
An inspector must also be familiar with methods employed by a contractor when installing structural
components of a stormwater system, with particular attention to joints and connections.
 Inspect structural materials before installation to assure compliance with approved
specifications.
 Inspect bedding and backfill for underdrains and manholes as they are installed.
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Confirm that steps within structures are properly aligned with access openings.
Verify that protection has been installed at each surface inlet as it is completed, and that
castings are properly aligned with manhole openings when curbs are poured.
Require the developer’s engineer to certify installation of proprietary BMPs per manufacturer’s
specifications.
With erosion enforcement officer, confirm that soil stabilization measures meet plan
requirements and are being phased in according to the approved construction schedule.
Report any deviation from the approved plan to the construction engineer.

Inspection of filtration devices during construction is critical to function and may affect credits that were
extended during plan review.
 Verify that sub-grade soils have not been compacted. Require scarification if necessary.
 Check material around underdrains or in filtration trenches for compliance with the approved
plan. Require soil borings if necessary.
 Observe how the soil filter medium is installed, and confirm that topsoil requirements are met
over the entire site.
 Confirm that upstream sediment filters are operational and runoff is diverted to temporary
outlets until filtration BMPs are stabilized.
Sample checklists for inspection during construction are found in Appendix C-1.
Final inspection and Certification of site
A comprehensive inspection of the entire completed site should be undertaken before final payment is
released to the contractor. At that time, the inspector will review formal easements and agreements to
determine if amendments will be necessary due to complications encountered during construction.
 With the engineer, contractor and erosion enforcement officer, inspect the entire site for
unstable areas and sediment accumulation in or around structures or basins.
 Check basin outlets and structural components for soundness.
 Verify that velocity control devices are in place and functioning.
 Check buried components for sediment accumulation and order cleaning if necessary (all
stormwater collection lines should be cleaned as a condition of final approval).
 Check manholes, access ports and curb inlets for alignment and finish.
 Note date of final acceptance of the complete installation in inspection log.
 Obtain marked record drawings from engineer as required.
 Formalize a maintenance inspection schedule.
Maintenance inspection
After a system has been constructed, maintenance inspections should be conducted annually and, if
possible, after significant short term storm events, both for evidence of damage and evaluation of
effectiveness. Unscheduled inspections during wet weather events may be useful for preventing
premature failure of some devices. Maintenance inspections should also be conducted in response to
reported potential discharges exceeding the stormwater quantity or quality design limits.
Prior to conducting a regularly scheduled inspection:
 Review the internal inspection log.
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Review terms and conditions of the maintenance covenant.
Review the record drawing for the site and identify all BMPs.
Review parking lot sweeping schedules provided by the owner.
For porous cement, review vacuum sweeping records provided by the owner.
For proprietary devices, obtain cleaning and component replacement records from the owner.

Inspect the entire site systematically, beginning at the downstream point of discharge, including
condition of the receiving stream or drain. If deemed appropriate, invite the owner or a representative
to participate.
 Check condition of outlet and overflow channels or devices.
 Evaluate each basin forebay for sediment accumulation.
 Check catch basins for sediment depth in the sump.
 Inspect underground detention baffles from inspection ports. If required, involve the landowner
and a contractor in this effort.
 Confirm that infiltration beds are functioning as required, and that pre-treatment BMPs are
being maintained in accordance with the approved maintenance covenant.
 Inform the owner in writing of any deficiencies to be corrected, or of inspection approval.
 Record all findings in the inspection log.

Sample checklist for maintenance inspections can be found in Appendix C-2.
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DETAILED LANDSCAPE GUIDANCE

Landscaping is critical to improving both the function and appearance of stormwater best management
practices (BMPs). This section of the Manual includes information on native species, plant hardiness
zones, general guidelines for plant selection including wetland species, and other considerations. A list
of plants native to Michigan is included, along with references to many sources for seeds and seedlings.
For seedlings especially, the landscape designer should pay particular attention to matching the climate
and soils of the source nursery to those of the site under development.
Discussion in this section of the Manual emphasizes the following BMPs:








Constructed stormwater wetlands
Infiltration basins and sand filter practices
Bioretention systems
Open channels
Vegetative filters and forested buffers
Wet ponds
Extended detention basins

a) Native Species
Eaton County encourages the use of native plants with historic connections to Michigan in managed
stormwater facilities. Native plants are defined as those species that have evolved naturally to live in a
particular region or microclimate. Many of the plants we see in the state today are introduced species
that have escaped cultivation. Their presence is ecologically significant because they out-compete or
even replace indigenous species. Some introduced species are invasive, have few predators and can
spread at alarming rates. By planting non-aggressive, native species in stormwater management
facilities, we can protect Michigan’s natural heritage, encourage biodiversity, and provide a legacy for
future generations.
Native species have distinct genetic advantages over most non-native species. Because they have
evolved naturally, indigenous plants are best suited for our local climate. This translates into longevity,
and reduces the cost of replacement material, resulting in reduced maintenance cost to the owner of a
facility.
It is important to consider aesthetics to improve acceptance and preserve property values. When
selecting ornamental plants for a stormwater management facility, preference should be given to native
ornamentals. Exotics which tend to migrate should be avoided
Information about species native to Eaton County is available in at the end of this section.
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b) Natural Plant Communities of Michigan
Plant Hardiness Zones
Hardiness zones are based on historic annual minimum recorded temperatures. A BMP will typically lie
entirely within a single hardiness zone, but may be impacted by variation in elevations, soil saturation,
or overhead cover (microclimates). Alone or collectively these may required specimens native to a
general zone but propagated for their ability to withstand extremes.
Microclimates or other environmental conditions can also create suitable environments for plants from
other zones. With adequate experience and a good reference library, a designer should be able to
confidently recommend plants that will survive in those microclimates.
c) General Landscaping Guidance for all Stormwater BMPs
The following guidelines are presented to assist a designer for determining proper locations for and
types of plant specimens to employ at a site:


















Trees and shrubs should not be planted on the embankment slope of an soil berm or dam, or
within fifteen feet of the toe of the slope of an embankment designed to temporarily or
permanently detain surface water because of the danger of piping.
Berm impoundments or critical embankments regulated by the state must follow permit
guidelines which may affect locations of plantings.
Do not specify trees or shrubs with long taproots near critical embankments, or within ten feet
of a subsurface drain. For drains dedicated under Section 433 of the Michigan Drain Code, trees
and shrubs cannot be planted within the specified right of way.
Maintain at least a fifteen-foot buffer around all perforated drain pipe (private only- see further
restriction for public drains above).
Maintain a tree-free zone of twenty-five feet around each riser structures for unhindered access
by maintenance equipment.
Provide fifteen feet of clearance around low flow orifices.
Herbaceous embankment plantings should be restricted to 10 inches in height to allow thorough
inspections for anything that could compromise integrity of an embankment.
Include additional stabilization measures for slopes steeper than 2:1, such as turf reinforcement
mats or erosion control blankets. Use a seed mix known for rapid germination rates in those
areas to provide immediate cover. Augment temporary seeding measures with container
crowns or root mats of more permanent plant material.
Use erosion control fabric, polyethylene containment cells or permeable pavers in channels that
are subject to occasional high flow velocities and potential erosion.
Stabilize emergency spillways with plant material capable of withstanding strong flow.
Plant root material should be fibrous in nature and substantial, but lack a taproot.
Place sod in surface waterways not stabilized with erosion control blankets.
Temporarily divert flow away from newly seeded areas until seeds have successfully
germinated.
Check water tolerances of existing plant materials prior to inundating an area.
Stabilize aquatic and safety benches with emergent wetland plants and wet seed mixes.
Do not block maintenance access to structures with trees or shrubs.
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Provide shade for surface waterways and ponds where possible to counteract thermal warming.
Avoid plantings that require routine or intensive chemical applications (i.e. turf areas).
Test soils for amendments required for successful germination and longevity.
Specify indigenous plant species.
Decrease areas where turf is employed for ground cover. Use low-maintenance ground covers
to absorb stormwater runoff.
Specify a mix of trees, shrubs, and native grasses for riparian buffers to improve filtering,
infiltration and wildlife habitat.
Maintain and frame desirable views. Be aware of line of sight requirements at entrances or
exists, and along difficult road curves. Conversely, plant screens to eliminate unattractive views.
Select plants to restrict access by pedestrians to pools or slopes that may be unsafe.
Carefully consider the long-term vegetation management strategy for the BMP, mindful of the
maintenance legacy for future owners. Keep maintenance routes free of vegetation that would
hinder access, and provide for a planting surface that can withstand compaction from vehicles.
Be certain the facility maintenance agreement includes requirements that ensure vegetation
cover in perpetuity.
If a BMP is likely to receive excessive amounts of de-icing salt, salt tolerant plants should be
specified.
Provide signage for stormwater management areas to help educate the public, for wildflower
areas, and no mow areas.
Avoid the overuse of any single plant species. Diversity adds to aesthetic acceptance and
improves wildlife habitat.
Preserve as much existing natural vegetation as possible when designing activities on a site.

Soil Preparation
Thorough analysis of a planting bed is the key to successful completion of all non-structural and most
structural BMPs. Where the expectation is that existing soils at a site can be amended to provide a
suitable environment for germination, sampling should be conducted at several locations within the
target area. Topsoil imported from another location should be tested at the source where it can be
properly amended to achieve uniformity. In either instance, Eaton County may require professional
certification as proof of viability. Sampling and analysis should be undertaken by individuals trained to
interpret the results, and who can recommend amendments for deficiencies. Analysis typically includes
measurement of pH, nutrient content (nitrogen, phosphorus and potassium), and mineral content,
including chelated iron and lime.
Under certain conditions where soils are so depleted that they cannot be easily amended (areas of
mixed fill for example), working prepared mulch into the top layer may allow certain species of hardy
grasses and plants to become established, thereby providing the ground cover needed to protect
adjacent BMPs or sensitive areas.
Soil compaction usually becomes an issue at development sites (hence the need to restrict access to
sensitive areas during construction). When compaction is minimal, loosening the soil to a depth of four
inches before spreading topsoil is usually sufficient for successful germination. For those areas where
severe compaction has occurred, additional treatment depth is required to prevent saturation. Topsoil
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must be spread to a depth of 4 to 6 inches over the entire prepared subgrade. If the material has been
stockpiled for a long period of time, it should be analyzed for pH and microbial activity. If testing shows
microbial activity has been destroyed or significantly diminished, inoculate the soil after it has been
applied.
Newly installed plant material must recover from the shock of being transplanted so an onsite source of
water must be readily available. Regular watering reduces plant loss and promotes root expansion. The
maintenance plan must include a provision to ensure plant viability, especially during droughty periods.
Ponds and Constructed Wetlands
Before specifying the plant material for an aquatic environment, the hydrologic zones that have been
created must be identified. Hydrologic zones simply describe the degree to which an area is (or will be)
inundated by water. Plant tolerance for inundation must be considered. The six zones listed in the table
and described more fully in this section will dictate the type of plant material needed for successful
germination and survival. Note that not all of these zones may be present within a single facility.
When choosing landscape plants for a wetland area choose specimens that were cultivated under
similar hydrologic and soil conditions. A plant typical for a wetland environment but cultivated under
dryer conditions or in soils dissimilar to wetland soils may not survive if transplanted to an actual
wetland environment.

Table II.1. Hydrologic Zones

Zone

Zone Description

Hydrologic Conditions

Zone 1

Deep water pool

1-6 feet deep permanent pool

Zone 2

Shallow water bench

Zone 3

Shoreline fringe

Regularly inundated

Zone 4

Riparian fringe

Periodically inundated

Zone 5

Floodplain terrace

Infrequently inundated

Zone 6

Upland slopes

6 inches to 1 foot deep

Seldom or never inundated
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Zone 1: Deep Water Pool (submerged zone; water depth in excess of 12”)
This zone might be referred to as the pondscaping zone, recognized for its submergent plants. This zone
lies beyond the bench or shelf at the edge of a pond and has not been routinely planted for a couple of
reasons. Availability of plants that can survive in this environment is limited, and clogging of stormwater
inlets and outlets may impact stormwater management functions. In many cases, plants in this zone will
gradually establish themselves through natural recolonization (transport of plant fragments from other
ponds by waterfowl or occasionally wind). As submerged plant species become commercially available
and stormwater conveyance concerns are addressed, planting even several years after a facility was
constructed may be come possible.
The function of planting in zone 1 is to reduce re-sedimentation (re-suspension of loose, saturated soils
as water levels fluctuate), to maintain or improve levels of oxidation, and to create habitat diversity.
Species must be capable of withstanding fluctuating water levels and nearly constant partial
submersion. Deep root specimens are often needed to survive winter conditions. Enhancement of
pollutant uptake and suitability for aquatic life must also be considered.
Zone 2: Shallow Water Bench (partially submerged zone; water depth of 6” to 12”)
Zone 2 includes areas that are inundated below the normal pool to a depth of 1 foot (typically the bench
or shelf). This is the primary area of a facility where emergent plants will thrive, particularly in
constructed wetlands. Zone 2 offers ideal conditions for successful transplanting (usually plugs) of
commercially available wetland species. Low mounds within but just under the water surface in a deep
pool are also included in this zone, and when planted provide important habitat (food and protection)
for many aquatic and non-aquatic animals. Zone 2 is the area of a wetland or pond where diversity in
the food chain becomes most noticeable. This diversity is an important component for controlling
mosquitoes and other nuisance insect species.
Select plants that can withstand periodic but temporary inundation, and partial but not total
submersion. Specimens should be able to contribute to pollutant uptake from the water, and should
provide cover and a source of food for desirable waterfowl, insects and other aquatic life.
Plants in this zone help to stabilize the bottom and edges of a pond by absorbing wave impacts and
preventing re-sedimentation. They reduce water flow velocities and resuspension of sediment by wind
currents. Proper selection of material softens engineered land contours and conceals pond drawdown
during dry weather inspections.
Zone 3: Shoreline Fringe (periodic submerged zone)
The shoreline zone is that portion that lies outside the normal pool elevation and is subject to periodic
submersion, especially if a design calls for extended detention. It extends vertically to a point 12” above
the normal water elevation, suggesting both saturated and semi-saturated soil conditions. Plants must
also be winter tolerant and provide dense cover to protect underlying soils.
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When selecting plants for this zone, look for native species or native ornamentals that:










Act as a stabilizing influence for shorelines by protecting wave action and water level
fluctuations;
Can withstand occasional partial submersion;
Provide shade to maintain constant water temperatures;
Contribute to removal of pollutants from overland flow (pollutant removal capabilities while
submerged will be negligible);
Provide a source of food and cover for waterfowl, songbirds, and wildlife (large plants can used
to control overpopulations of waterfowl);
Will discourage human foot traffic that could affect safety or cause erosion;
Will be low growing so as not to prevent access by maintenance equipment if needed;
Can be maintained inexpensively or are self-maintaining; and
Are naturally resistant to disease (chemical controls within a pond or wetland may be prohibited
or severely restricted by state or federal statutes).

Zone 4: Riparian Fringe (periodic inundated zone)
This hydrologic zone extends beyond the fringe to a point 1 to 4 feet above the normal pool elevation,
and is subject to inundation from major storm (flood) events. Soils may be saturated, partially saturated
or dry. Nearly all of the temporary extended detention area would be included within this zone. When
choosing plants, look for low maintenance, disease-resistant native species if practical.
Zone 4 plants must be able to:








Withstand periodic inundation as well as occasional drought;
Stabilize for erosion caused by run-off from adjacent uplands;
Shade low-flow channels (within a dry basin) to reduce warming where possible;
Enhance pollutant uptake;
Survive with minimal maintenance as access may be difficult;
Be a source of food and cover for waterfowl, songbirds, and wildlife (plants may be selected and
located for waterfowl control); and
Discourage access by pedestrians to deeper pools.

Zone 5: Floodplain Terrace (infrequent inundation)
The floodplain around a pond is the area generally above the 2-year flood elevation that experiences
infrequent but short term flooding. Operationally, this zone may extend to the 100-year level,
depending on basin design. Key landscaping objectives are to stabilize steep slopes and establish a
carpet of low maintenance, natural vegetation.
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When planting in this area, select species that:





Are capable of withstanding flood conveyance conditions but tolerate dry soils as well;
Will effectively stabilize slopes and provide dense cover;
Can be maintained easily and, in difficult areas, will maintain themselves with minimal
mechanical effort (a dense tree cover may help reduce maintenance efforts while discouraging
resident goose populations); and
Provide beneficial cover and a source of food wildlife.

Zone 6: Upland Slopes (seldom or never inundated)
The impact on plants in upland areas is usually runoff contributed from adjacent high ground. The zone
lies above the 100-year flood elevation and often includes the riparian buffer around a pond or wetland.
Human intrusion into this zone is acceptable, and these areas are frequently landscaped for aesthetic
reasons. When locating plants (especially large specimens) be aware of potential safety issues.
Plant selection is based primarily on soil conditions, available light, and the function a plant serves in the
overall landscape design. Ground covers should require infrequent maintenance.
Plants used in upland areas help to create visual focal points, frame desirable views and screen
undesirable ones, provide plant buffers, and provide shade. Particular attention should be given to
seasonal colors and textures.
Infiltration and Filter Systems
Infiltration and filter systems use existing permeable soils or an artificially created permeable medium to
promote groundwater recharge and stormwater quality control. In some instances where permeability
is sufficient, these facilities may be acceptable for quantity control as well. Infiltration trenches and
basin, sand filters and organic filters are all examples of infiltration and filtering systems. The plant
management objective is to provide cover and prevent erosion while preserving percolation ability of
the filter medium.
If properly chosen and installed, vegetation can enhance the function of these systems by trapping and
removing phosphorus and heavy metals. Pretreatment buffers associated with an infiltration bed help
to remove salts and nitrogen. Within the filter facility itself, plants with deep roots remove nutrients
and provide arteries for permeation. A good variety of species adds to aesthetic appeal and provides
habitat for ground dwelling birds, small mammals and reptiles.
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d) Bioretention
Soil Bed Characteristics
The characteristics of soils within a bioretention facility are perhaps as important as the facility location,
size, and treatment volume. The soil must be permeable enough to allow filtration while retaining
characteristics suitable for sustained and robust vegetative cover. In addition, much of the nutrient
pollutant uptake (nitrogen and phosphorus) is accomplished through absorption and microbial activity
within the soil profile. Therefore, the chemistry and physical properties must be in balance.
The soil should be free of stones and woody material in excess of 1” diameter. The soil should be free of
noxious weeds if possible, and compaction should be avoided by placing the medium in lifts of 12 to 18
inches.
Mulch Layer
The mulch layer plays an important role in the performance of the bioretention system by preventing
loss of moisture and preventing surface sealing that reduces permeability. Mulch helps to prevent
erosion and provides a microenvironment suitable for soil biota at the mulch/soil interface. It also
serves as a pretreatment layer, trapping the sediments that remain suspended after the primary
pretreatment. Typical depth of application is 3” to 4”.
Although some aged woodchips may be added to mulch, it should consist mostly of decomposed organic
material (stockpiling of at least 12 months is recommend since the heat generated aids in
decomposition). Grass clippings are unacceptable unless totally decomposed. Manufactured mulch
products (shredded rubber, etc.) are also unacceptable and should be reserved for areas on a site where
maintenance is a primary concern.
Plant Material Guidance
Plant should conform to recommendations of the American Nursery and Landscape Association as
published in their American Standard Nursery Stock, and be selected from certified, reputable nurseries.
A landscape architect or master gardener should specify sequence of construction, review descriptions
of a contractor's responsibilities and installation guidelines, help in determining the most appropriate
schedule for planting, and provide input into the maintenance schedule.
Open Channels
Open channels are subject to infrequent, rapid runoff, as well as chemical stress. Species that perform
well in a stressful environment should be specified. If a BMP is likely to receive excessive amounts of deicing salt, non-invasive salt tolerant plants may be used.
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Planting Guidance
Plant material selection should have as its goal the stimulation of a terrestrial forested community of
native species. In upland areas, the landscape should be dominated by trees, but with a distinct
understory community of trees, shrubs, and herbaceous materials. As treated runoff from these
communities enters a bioretention or treatment facility, the latter is able to function more efficiently
and withstand urban stress (insects, disease, drought, temperature variations and wind). Some design
considerations are listed below for guidance.
1) Use native species wherever possible since they tend to be drought tolerant and required less
intense maintenance. Avoid exotics which can escape and become a nuisance .
2) Species should be tolerant of the hydrologic zone where they will be located.
3) Plant distribution should lean toward the random and natural for aesthetic appeal.
4) Canopy specimens should be specified to provide shade for thermal regulation except that the
locations should not interfere with maintenance equipment. Staggering larger trees along the
edge of a pond or wetland usually leaves enough room for maintenance dredging. In buffer
areas, a canopy allows understory plants to develop naturally. Permanent ground cover below
the canopy will eventually be shaded out with shrubs and low- growing trees. For a bioretention
facility, trees should only be planted in the outer zone as described below.
5) Woody vegetation should not be specified in the vicinity of inflow and outflow devices.
6) Urban stress (e.g., wind currents, extent of direct sunlight, exposure to severe winter conditions,
drought, insect and disease infestations) should be considered when laying out a planting
scheme.
7) Aesthetics and visual characteristics add an educational element to stormwater management
facilities.
8) Traffic and safety issues must be considered.
9) Existing and proposed utilities must be worked into the overall plan with consideration for
potential future conflicts as maintenance is undertaken.

A bioretention facility can be divided into three zones or microclimates, each dictating the type of
plantings that will be most successful. The 6 hydrologic zones explained earlier represent a more
complex dissection of an aquatic system and are generally more suitable for planning much larger areas.
As shown in the figure below, the lower elevation supports plants that are adapted for partial
submersion and fluctuating water levels. The middle elevation includes species that tend to prefer drier
soil conditions but are tolerant of occasional inundation. The highest elevation includes plants suited to
dryer conditions. Layout of plant material should resemble a random and natural pattern while
maintaining optimal conditions for the plants chosen.
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Fig. II.A. Planting Zones for a Bioretention Facility

Vegetative Filters and Stream Buffers

For design and plant selection for vegetative filter strips and stream buffers, consult the USDA Natural
Resources Conservation Service website (www.Plant-Materials.nrcs.usda.gov).
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e) Obtaining and Planting Native Wetland Plant Propagules
There are many ways to obtain plant materials for wetland revegetation and bioretention cells, not all of
which may be appropriate in every situation. The entire process of choosing which plants will be used
must begin as soon as the concept plan for a site is developed. Often conditions at time of installation
will be the determining factor so alternative species should be presented for approval during plan
processing.
Have a clear idea of the objectives for the design of a project. Will restoration be limited to herbaceous
growth only, or will woody vegetation also be included to provide additional protection and enhance
aesthetic appeal? What is the function of each BMP and how can they be enhanced to create desirable
wildlife habitat and a source of food? What are the water quality objectives for the site and how will
selection and location of plant material enhance those efforts? Is there an erosion problem (perhaps a
site has diverse topography) and how can the proper selection of vegetation meet stabilization
objectives?
Know the hydrology. Which range of plant species will be tolerant of conditions at the site?
Identify unique factors. What types of soils are present on the site and will they require amendment? If
so, what type of amendment? Does the plan call for protecting sensitive areas from construction traffic
which will enhance planting success? Can the topography be exploited for aesthetic gain, and what
microclimates exist on the site? Will wildlife control become a problem in the future? Does the plan
allow access for maintenance while preserving landscape vegetation? Will pedestrian traffic be a
problem in the future?
Choose specimens that fulfill the desired function. Does a particular location only need ground cover
and if so, will it be aesthetic or is erosion control a driving factor? Is the specimen intended to create
shade and encourage microclimate development below? Is there a desire to frame a particular view, or
to screen an undesirable one? Will it provide seasonal interest for adjoining properties? Nearly every
plant and plant location should be designed to serve some function in addition to aesthetic appeal.
Identify physical characteristics of a particular species. Some characteristics are so obvious they may be
overlooked during plant selection. Will the plant grow large enough to present a safety hazard for
pedestrians or motorists? Will limbs eventually grow into power lines or block access by maintenance
equipment? Will tree roots become a problem for storm or sanitary sewer maintenance? Will a
specimen’s eventual size block a desirable view? Does the specimen or plant provide seasonal interest
and will it grow at a rate that doesn’t overwhelm other plants and trees? Does it add to the diversity of
color and texture of the entire landscape plan? Will roots eventually intrude into buried sewer and
drains, causing maintenance issues?
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Check for availability. Does the local nursery carry the plants specified, and when are they available?
What wetland seed mixtures are available locally and where were they harvested? Do the seeds or
plant plugs that are available address ecotype concerns? Does the contract specify exact wetland or
wildflower seed mix, or species of plants, and where they must be obtained? Some suppliers provide
seed mixtures suitable for specific wetland, upland, or riparian habitat conditions. This option may best
be employed in small stormwater facilities, such as pocket wetlands and open swales, or to complement
woody vegetation plantings in larger facilities. A complete listing of wetland plant suppliers is available
on the USDA-NRCS Plant Materials Program website (www.Plant-Materials.nrcs.usda.gov).
Choose the appropriate form of plants. Whether a plan calls for seeding, installing plugs, or planting
potted specimens will be based on financial constraints, access for planting, level of desire for an
immediate landscaped look, and acceptable level of failure. Can I actually get equipment into an area to
plant a specimen tree or will the resulting damage be so severe as to mitigate any benefit? Although
seeding may be the least expensive method to establish cover, will my client accept its high rate of
failure, and be prepared to respond accordingly? Will growth over a number of years be acceptable or is
there a reason to pursue a finished look as quickly as possible?

In large part, plant form will depend on what is available when it is needed. However, another
consideration is ecotype. An ecotype is a population of plants that has become genetically
differentiated in response to environmental conditions at a particular location, and has a distinctive limit
of tolerance to other environmental factors. For example, wetland plants growing around a pond in
Maine are likely to have later flowering times and be more cold- hardy than plants of the same species
growing around a pond in Florida. When restoring wetland vegetation, use local ecotypes as much as
possible. Using plants already adapted to local conditions will contribute greatly to the success of a
revegetation project.

A word about exotics
Many of our ponds and constructed wetlands were designed only for stormwater retention. The
concept of planning wildlife habitat improvement in conjunction with a development project is a
relatively new idea although even the most bare- bones BMP provides some level of benefits.
Unfortunately, many of the plants used in the past have become nuisances.
In the past, the Common cattail has been deliberately planted to address pollution in storm drain
systems from adjacent failed drain fields and illegal septic connection. Shallow water (less than 2 feet) is
often taken over by emergent vegetation. Dense, stands of cattail quickly crowd out desirable aquatic
species, effectively reducing habitat for many forms of wildlife.
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Another pest is Phragmites sp which is much more invasive and difficult to control. In Michigan, where
salt is the preferred method for controlling ice, Phragmites has adapted well and is established along
many of our highways. This species is often indicative of a high pollutant load. Consult a plant specialist
for acceptable methods for eradication. Other plant pests introduced as exotics include Reed’s
canarygrass, purple loosestrife and watercress.
f) Stormwater Plant Lists
The following pages list perennial herbaceous and woody vegetation native to Michigan that would be
suitable for establishment in stormwater management facilities. Individual lists are available from many
commercial nurseries and should be consulted when making vegetation choices.

The printed list is intended only as a guide and should not be considered all inclusive. Discussion with
nursery growers may provide additional information that will benefit certain conditions at a site.
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g) Additional Resources
Michigan State University Extension, Native Plants
http://nativeplants.msu.edu

DNRE Native and Invasive Plants
http://www.michigan.gov/dnr/0,1607,7-153-10370_12146---,00.html

Michigan Native Plant Producers Association
http://www.mnppa.org/index.html

JFNew
http://www.jfnew.com

Wildtype Nursery
http://www.wildtypeplants.com

General Native Plant List from Native Plant Nursery
http://www.nativeplant.com

122

COMPLIANCE AND ENFORCEMENT
Eaton County’s NPDES Permit includes a provision that addresses enforcement to assure compliance
with the Clean Water Act. This Manual was prepared to assure the Drain Commissioner has the ability
to effectively regulate, monitor, and enforce the various aspects of the post-construction requirements
of the NPDES Permit.


Eaton County must test for and eliminate illicit discharges and connections into the MS4 system.
In some instances, enforcement will be through the Barry-Eaton District Health Department.



A tracking and enforcement program backed by a regulatory mechanism is required for all
NPDES Permits, including long term operations and maintenance plans.



The NPDES Permit also includes numerous references to the ability of Eaton County to enter
upon a property for the purpose of monitoring or inspecting its stormwater facilities.

This Manual establishes a foundation for administering and enforcing all elements of the county’s
stormwater management program, including the regulatory structure and objectives of design criteria
for all land development and redevelopment. Specific design criteria and enforcement procedures are
included in the Policy Section of this Manual, supplemented by procedures spelled out in the Act 40
Drain Manual. Although every effort has been made to identify and resolve conflicts between the two
Manuals, because the latter is a consequence of a different enabling authority, where a conflict exists
the procedures and criteria in the Act 40 Drain Manual will prevail.

123

124

EATON COUNTY STORMWATER MANAGEMENT MANUAL

PART THREE
DESIGN CONSIDERATIONS
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STORMWATER MANAGEMENT CRITERIA

A. Overview of Permit Requirements
As urban areas continue to expand and as sites redevelop the volume of runoff rises because of the
increased imperviousness. Previously, stormwater management philosophy concentrated primarily on
the affects of the additional volume of flow being generated. However, with the enactment of the
NPDES Phase II Stormwater Permit regulations the current philosophy focuses on an integrated
approach that acknowledges the aspects of volume, rate and quality as well as the relationship between
ground water and surface water.
The 2013 NPDES Permit (post construction runoff control for new and redevelopment projects)
establishes new minimum treatment requirements for stormwater discharges. Previously the minimum
standard for treatment (first flush) was the first ½ inch of precipitation runoff measured over the entire
site. The applicant was required to retain this amount for 24 hours before releasing. The current
standards, which are applicable to all Eaton County watersheds and sub-watershed, are:
Minimum treatment volume (first flush) standard
 One inch (1.0”) of precipitation runoff from the entire catchment area
Treatment methods shall be designed on a site-specific basis to achieve:
 A minimum of 80 percent removal of total suspended solids (TSS), as compared with
uncontrolled runoff, or
 Discharge concentrations of TSS not to exceed 80 milligrams per liter (mg/l).
A minimum treatment volume standard is not required where site conditions are such that TSS
concentrations in storm water discharges will not exceed 80 mg/l.
24-hour Bankfull treatment standard
Bankfull treatment must be calculated based on the 90 percentile annual non-exceedance storm for the
Lansing Region.
The channel protection criteria is necessary to maintain post-development site runoff volume and peak
flow rate at or below existing levels for all storms up to the 2-year 24-hour event. “Existing levels”
means the runoff volume and rate for the last land use prior to the planned new development or
redevelopment. Where more restrictive channel protection criteria already exists or is needed to
further reduce runoff volume and peak flow, the more restrictive standard will be applied.
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B. Stable Conveyance and Channel Protection
As urban areas develop the volume of runoff rises because of an increase in impervious area. Also,
natural drainage patterns are modified, with runoff channeled into roadside drainage ditches or storm
sewers. These modifications increase the velocity of runoff and decrease the travel time required for
runoff to reach the receiving surface water. Peak stormwater discharges become elevated, often
resulting in higher flood stages in the downstream receiving stream. Streambank protection criterion is
applied to all development sites for which there is an increase in the natural flow to a downstream
outlet.
In a typical hydrograph, both the peak discharge flow rate and volume are lower under predevelopment
or natural conditions because much of the runoff seeps into the ground from where it is released slowly
to the surface over a period of days. By comparison, the hydrograph for post- construction runoff often
exhibits higher rates of flow and volume because most runoff travels quickly across an impervious
surface. As a result, peaks are higher and more severe with a lot of water entering the receiving stream
at once.
Under most post-development conditions, a stream channel experiences higher, more frequent flows
for longer durations. These higher velocities cause stream banks to erode and the channel to widen.
Eroded sediment is deposited in flat or wide downstream reaches. The frequency of these channel
disturbances limits the quality of habitat for aquatic organisms with long life cycles.
Peak flow attenuation, where stormwater is detained so that the post-developed peak flow does not
exceed pre-developed peak flow, is the traditional way of addressing this problem. While it may
prevent flooding of downstream infrastructure, peak flow attenuation does little to prevent stream
channel degradation and downstream sedimentation, and may even exacerbate it:
a. Peak flow attenuation is usually applied only to measurable runoff events (the 2 year, 24 hour
storm). Detention designed to address this level of flow usually has little or no affect on smaller,
more frequent events ( 3- month, 6-month and 1 year) that still produce flows high enough to
cause significant channel degradation.
b. Peak flow attenuation does not reduce the total runoff volume; the peak is sustained over a
longer period of time, exposing the channel highly erosive forces for a extended periods.

On a watershed-wide basis, studies have shown that peak attenuation alone can sometimes increase
stream peaks beyond pre-developed conditions because of the shift in timing and duration. Where peak
controls exist on several different sites, their truncated peaks may overlap. And time of release from a
site near the bottom of a watershed may actually coincide with high stream flows generated by the rest
of the watershed.
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To effectively limit the negative impacts of development on stream morphology and habitat,
stormwater management systems must do more than the traditional peak flow attenuation of large,
infrequent storms. They must minimize exposure of the stream channel to erosive flows through either
extended detention or through reductions in volume of the stormwater discharges for the more
frequent, potentially channel shaping storms.
1. Geomorphology Concepts
The active channel is that part of the channel which conveys the dry weather flow and flow from
frequent precipitation events. Its dimensions are determined through a natural balance
between forces tending to dislodge and transport boundary materials and those tending to
resist such movement. In an ideal world, a stream just barely be capable of moving its sediment
load. Forces sufficient to dislodge and transport boundary materials are referred to as erosive,
and are directly related to the volume and rate at which sediment and water are delivered to a
stream.
An increase in erosive force is one of the potential consequences of urbanization and poorly
controlled runoff. Channels have an innate ability to tolerate some variability in the influx of
sediment and water. This threshold varies with the resistance of the boundary materials and
type, density, and distribution of riparian vegetation. However, it has been found that at levels
of watershed imperviousness above ten percent (10%), stream channels begin to exhibit
instability. Channel enlargement in urban areas is well documented. The degree of
enlargement is a function of the magnitude of the change in the sediment- flow regime and the
resistance of the boundary materials.
It should be noted that erosion is a normal aspect of river behavior. Channel function involves
conveying water and sediment to larger water bodies. The objective of stormwater
management is not to eliminate erosion but to maintain a level of stream erosion such that the
channel can continue to fulfill its normal function. Too much control over stream flow may
reduce its ability to transport sediment, resulting in a choking of a channel. Conversely, not
enough control may result in excessive erosive power causing the stream to enlarge.
Stormwater management measures developed to control erosion potential are typically based
on controlling the peak rate of flow, accomplished by reduce post development discharges to
those of pre-developed conditions. The two year storm has historically been accepted as the
design event because it has been found to correspond to the bankfull flow stage, when water
fills the active channel without spilling out onto the floodplain. The bankfull flow performs the
most work, in terms of sediment removed, and consequently, was believed to be the flow
responsible for the shape of the active channel.
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The active channel, however, is not formed by any single event. Its form is the consequence of
the sum of forces on the boundary by a range of events, from those that partially fill the active
channel to the bankfull event. Mid-bankfull flow, which rarely occurs prior to urbanization
because of mitigating forces provided by natural surfaces, occur more frequently following
development. The increase suggests they may be the events that actually shape a channel.
The traditional method adopted for controlling erosion potential also fails to address the
resistance of boundary materials. It assumes the channel is symmetric and the boundary
materials are homogeneous. More typically, channels are asymmetric in form and the boundary
materials are heterogeneous deposits. In many cases, the banks are composed of several
different layers of material each of which has unique properties that determine its resistance to
erosion. Streams tend to impact materials with the least resistance to erosion. If these
materials are near the bottom of a bank, the channel will tend to be wider than if the lower
materials are more resistant, because maximum erosive force is directed against the lower third
of the bank profile.
Erosion control practices often fail to recognize the importance of frequent flow events, the
heterogeneity of boundary materials, as well as channel stability. In unstable streams, the
innate capacity to absorb a change in the flow regime has been diminished. Consequently, the
required degree of control may be greater than for a stable system (a constructed ditch for
example).
A design methodology that overcomes the limitations of the traditional approach for control of
in-stream erosion potential is obviously preferred. The challenge is to balance the need for a
comprehensive characterization of the fluvial system with the need for a relatively simple but
universal design procedure that may be applied in circumstances where detailed information
may not be variable.
2. The Correct Design Approach
The accepted criteria for channel protection requires that runoff volume and peak flow rates
from a development site be limited to the existing levels for all storms up to the 2-year, 24-hour
event. However, Eaton County reserves the right to enforce more stringent discharge limits if
downstream conditions warrant. Appendix G explains watersheds within the county where
more stringent criteria apply. The content of this appendix may change as conditions warrant.
Refer to the Act 40 Drain Manual for specific design criteria acceptable to initiate a plan review.
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3. Stormwater Conveyance
Stormwater drainage systems may consist of natural streams, channels, vegetated swales, open
ditches, closed conduits or a combination of methods to convey stormwater. New drainage
facilities shall be constructed in accordance with the standards adopted by the Eaton County
Drain Commissioner. Standards of other agencies may apply as well, depending on location and
ownership of the outlet.
C. Flood Control
The flood control criteria expressed in this Manual is designed
 to protect public safety,
 to minimize on-site and downstream flood impacts relating to streambank protection and
stormwater conveyance systems,
 to maintain the boundaries of the mapped 100-year floodplain,
 to protect the physical integrity of the on-site stormwater controls, and
 to protect downstream stormwater conveyance and flood control facilities.

As such, flood control analyses and design must take into consideration the cumulative effect of
changing the physical character of a property. Designs must take into consideration all of the following,
subject to exceptions or additional restrictions imposed by Eaton County.





To assure streambank protection, post-development site runoff volumes and peak flow rates
must be maintained at or below existing levels for all precipitation events up to and including
the 2 year/24 hour storm.
To protect the integrity of stormwater conveyance devices and prevent unnecessary flooding,
on-site conveyance systems (typically private) must accommodate runoff from the 10 year/24
hour event. The level of protection for downstream conveyance channels or systems (typically
public) will be evaluated on a case-by-case basis. That information is usually available at the
Concept Meeting.
To protect downstream property from flooding, on-site storage for runoff in excess of predeveloped conditions, or as otherwise expressed in Appendix G, must be designed to fully
accommodate the 100 year/24 hour storm event.

Discharge rates more stringent than those derived from any of the three established criteria may be
imposed if downstream conditions such as limited capacity for enclosed conveyance pipes, limitations
on flows to those used in FEMA modeling, or other specific restrictions are identified.
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1. On-Site Conveyance:
The “Conveyance” storm event is used to design standard levels of flood protection for streets,
sidewalks, structures and properties within a development. This is typically handled through a
combination of systems including street and roadway gutters, catchbasin inlets to underground
pipe systems, culverts, and open channels..
The design storms used to size on-site conveyance systems will be no less than a 10-year/24hour storm event. Sizing may vary depending on location and function. For example, it may be
necessary to design open channels and cross- road culverts for larger precipitation events (up to
the 100 year/24 hour event. It is highly recommended that after the initial set of controls for a
10 or 25-year storm event are selected during site plan design, the full build-out 100 year/24
hour storm be routed through the system to determine potential effects. Although a
conveyance system may be designed for smaller storm events, the site should be designed to
safely pass resulting flow from the full build-out storm with no flood waters entering habitable
structures.
2. Downstream Flood Control:
Assessment of downstream conditions in the receiving stream or drain is the first step in
determining potential impact of a development on downstream properties, structures, bridges,
roadways, or other facilities. The assessment should be conducted at a physical point where the
proposed discharge no longer significantly impacts the receiving water. Hydrologic and
hydraulic evaluations are required to determine if there are areas of concerns such as a
potential increase in the base flood elevation. To the extent possible, Eaton County will assist
the developer in obtaining information about available Flood Insurance rate Maps (FIRMs). As a
separate entity, Eaton County is not a participant in the FIRM program but much of this
information may be obtained from local entities identified in the federal statute.
The downstream flood control criterion is based on an analysis of the streambank protection
and conveyance storm event as well as the 100-year storm event. Initially the assessment will
determine if the downstream receiving system has adequate capacity in its full build-out
floodplain. After determining acceptable conditions in the downstream reaches of the receiving
water, a developer may
 provide an adequate downstream conveyance system,
 install storm water controls in the receiving stream to maintain existing conditions, or
 in lieu of a downstream assessment, simply maintain existing on-site runoff conditions.

Under no circumstances shall the proposed site development diminish the storage capacity in
the 100-year floodplain. Compensatory storage due to a proposed site development will be
required for all lost floodplain storage on a 2 to 1 replacement ratio.
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3. General Design Standards for Flood Control:
Prior to beginning design, the developer should contact the Drain Commissioner to determine if
there are conditions in the stormwater conveyance system that might limit discharges from a
site.
Stormwater management systems designed to satisfy the flood control performance standards
will likely include a system of detention or retention constructed in accordance with guidelines
found in this Manual and the Act 40 Drain Manual.
D. Groundwater Recharge
Eaton County recognizes that much of its available development property may be unsuitable for
recharge because of soil conditions. However, where conditions are favorable, recharging to the ground
water or to a wetland should be considered. Coupled with infiltration practices, groundwater recharge
may be a means of securing a stormwater credit (see Part I of this Manual for further information).
Reductions in groundwater recharge due to development of impervious surfaces adversely impacts
streams, wetlands, and other water bodies by adversely affecting volume and rate of base flow.
Reduction in groundwater recharge to aquifers also has an impact on water supply wells.
Under natural (undisturbed) site conditions, the sum of recharge occurring is a function of slope, soil
type, vegetative cover, precipitation and evapotranspiration. Locations still containing natural ground
cover typically exhibit higher recharge rates, less runoff and greater transpiration losses than those
dominated by a high percentage of impervious cover. A planning goal should be to retain as much of
the current ability of the earth to absorb moisture as possible while still creating a functional
development plan. Recharge can be natural (by protecting sensitive areas) or can be augmented
through proper BMP selection and construction.
Recharge and/or infiltration are strongly recommended as part of an effective stormwater strategy to
protect trout streams and other sensitive receiving waters.
1. Fundamentals of Recharge
Groundwater recharge is defined as precipitation that is not absorbed by ground cover
vegetation but is instead transported to a depth below the root zone. At that point the
moisture can no longer be removed through root systems and evapotranspiration. Below the
plant root zone the water enters the saturated zone where it eventually becomes a component
of groundwater.
The potential for natural groundwater recharge begins with precipitation in the form of rainfall,
snowfall, hail or sleet. Some precipitation never seeps into the soil and is instead removed as
surface runoff.
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2. Exceptions to natural recharge
Infiltration and recharge are not always desirable, and may not even be possible in all locations. For
example:
 Some form of special pre-treatment of stormwater runoff may be required prior to
infiltrating from some land cover types and pollution source areas (e.g. parking lots).
 Recharge should be restricted or prohibited at industrial, commercial and transport-related
operations designated as potential stormwater hotspots.
 Recharge may be prohibited or otherwise restricted within the vicinity of ground water
aquifers, in wellhead protection areas, around individual wells and structures, and in the
bottom of stormwater basins where concentrations of pollutants tend to accumulate.
 Recharge should be discouraged within certain geological zones such as active bedrock, and
adjacent to steep or unstable slopes.
 Recharge may be impossible at sites where considerable filling has occurred, or on
redevelopment sites where underlying soils were compacted for placement of asphalt or
concrete.

3. Best Management Practices
Infiltration facilities and infiltration devices are often designed to capture and treat storm water
runoff from smaller rain events which are managed for water quality purposes. They function to
reduce runoff at its source, since the diverted first flush is not discharged to surface water but is
instead stored until gradually removed through infiltration and evaporation. These physical
processes remove pollutants, provide a degree of groundwater recharge, and help to reduce
overall volume of runoff exiting a site. Infiltration devices are generally incorporated as one of
several components in a management system.

Many devices are effective for removing fine sediments and their associated pollutants.
However, coarse sediments and oil tend to clog infiltration systems and must be
removed from the flow stream prior to entering a filter or recharge bed. Effective
erosion control measures are essential to maintaining effectiveness of a filtration
device. Suitability of soil and conditions of the contributing drainage area must be
carefully evaluated. Potential for groundwater contamination must also be addressed.
Groundwater recharge can be enhanced by incorporating one or more of the following
best management practices.
Structural BMPs
Infiltration trench or basin
Sand surface filter
Organic filter
Bioretention
Dry and grass swales

Non-Structural BMPs
Downspout disconnect
Patio disconnect
Sheet flow runoff to stream buffer
Open vegetated swales
Environmentally sensitive development
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4. Stormwater Credits:
Incorporating recharge into a site management plan can reduce the size and cost of constructing
stormwater BMPs. To maximize recharge potential, designers should explore how to use
pervious areas for infiltration early in the site planning process.
Recharge volume may be used to offset a portion of the total water quality volume and can be
achieved by incorporating a range of structural BMPs, and through a sensitive approach to site
design. Available stormwater credits are discussed in Part II of this Manual.
E. Water Quality
As land use changes, new or additional pollutants may be added to storm water runoff. The impervious
surfaces that typically accompany development also provide for efficient delivery of these pollutants
into receiving waterways. Leaves and litter, human and animal waste, sediment, fertilizer and pesticides
are all washed from the land. Vehicles and deteriorating urban surfaces deposit trace metals, oil, and
grease onto streets and parking lots. These and other toxic substances are conveyed through storm
drain to our streams, rivers and lakes.
In short, the ecology of urban streams may be completely reshaped by the extreme shifts in hydrology,
morphology and water quality that can accompany the development process. The stresses that these
changes place on the aquatic community, although gradual and often not immediately visible, are
profound.
1. Water Quality Criteria
Eaton County’s NPDES Phase II Stormwater Permit establishes minimum water quality postconstruction requirements.
Minimum treatment volume (first flush) standard
 One inch (1.0”) of precipitation runoff from the entire catchment area, or
 One-half inch (0.5”) of runoff from the entire catchment area provided treatment of the
entire amount in excess of 0.5” is included in an already approved watershed
management plan or constructed drainage system design.

Hydrologic studies have shown that small, frequently occurring storms account for the majority
of precipitation / runoff events. Consequently, runoff from these storms also accounts for a
major portion of annual pollutant loadings. By treating these frequently occurring smaller
events and a portion of the runoff from larger events, it is possible to effectively mitigate the
water quality impacts from a developed area.
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A water quality treatment volume (WQV) is specified for sizing structural controls to treat small
storms to a maximum depth, and the "first flush" of all larger storm events. The maximum depth
is determined by one of the 2 standards listed above, or the 90-percentile non-exceedence
storm, and is considered the point of optimization between the ability to remove pollutants and
cost-effectiveness. Capturing and treating a larger percentage of the annual stormwater runoff
would provide a slight increase in additional pollutant removal, but a considerable increase in
cost.
Studies have shown that the first flush generally carries 90 percent of the pollution from a storm
(Novotny, 1995). As a result, treatment of the first half inch of runoff was adopted as a water
quality volume sizing criterion requirement throughout much of the United States. More recent
research has shown that pollutant removal achieved using the half-inch rule drops off
considerably as site imperviousness increases.
Eaton County has adopted the 1 inch/24 hour standard for determining water quality volume (WQV).
The WQV may be lowered as much as 0.5 inches with the application of non-structural stormwater
credits, but may never be less than 0.5 inch/24 hours. The 90th percentile annual non-exceedence storm
standard is retained for the purpose of addressing bank full flow.
2. Total suspended solids (TSS) reduction
The NPDES permits adhere to a philosophy of removing pollutants to the “maximum extent
practicable” through the use of a percentage removal or effluent limit performance goal. DEQ
has established a performance goal of 80% reduction of suspended solids from construction
sites as measured on an annual basis, or a discharge concentration of not more than 80 mg/liter
measured during a runoff event. This performance standard is based upon U.S. EPA guidelines
and has been adopted by state and local agencies nationwide.
TSS was chosen as the representative stormwater pollutant for measuring treatment
effectiveness for several reasons.
 TSS is well- established as an indicator of pollution.
 Sediment and turbidity, as well as other pollutants of concern that adhere to suspended
solids, are a major source of water quality impairment in urban watersheds.
 A large percent of many other pollutants of concern are either removed with total
suspended solids, or at rates proportional to TSS removal.
 The 80% TSS removal level is reasonably attainable using well-designed structural
stormwater controls.

The developer must certify that the design of a facility will achieve a minimum of 80% removal
of TSS compared with uncontrolled runoff, or that the discharge concentrations of TSS do not
exceed 80 mg/liter. If TSS reductions cannot be achieved through the capture and detention of
the minimum WQV stated above, additional methods for treatment must be provided. These
may include increasing minimum treatment volume or adding structural treatment devices.
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3. Exceptions
Water quality flow (WQF) is the peak flow rate associated with a water quality volume (WQV)
standard. Although most of the treatment practices in this Manual should be sized based on
WQV, some methods are more appropriately designed using peak flow rate as the measuring
criteria. Grass drainage channels and proprietary treatment devices which can effectively treat
higher rates of flow and require less water quality storage volume are two examples. The
treatment device must have a flow rate capacity equal to or greater than the WQF in order to
treat the entire water quality volume.
4. Water Resource Protection

Designing a storm water management system to address water resources protection
requires an understanding of the type of pollutants expected to be generated from the
site during and after construction. With that understanding, the system and the
maintenance plan that accompanies it must incorporate appropriate Best Management
Practices (BMPs) that address TSS as well as other pollutants specific to each site.
SPECIAL CRITERIA FOR SENSITIVE RECEIVING WATERS
Part 4 of the Water Quality Standards promulgated pursuant to Part 31 of Michigan’s Natural Resources
and Environmental Protection Act, 1994 PA 451, establish water quality requirements applicable to all
surface waters of the state. These requirements were enacted to protect the public health and welfare,
to enhance and maintain the quality of water, to protect the state’s natural resources, and to serve the
purposes of Public Law 92-500 and the Great Lakes water quality agreement. These standards place
specific requirements on certain waters of the state such as public water supplies, cold-water fisheries,
wetlands and other sensitive water resources.
The term “sensitive receiving waters” refers to streams or marshes that require special protection from
new or increased stormwater discharges. Release of stormwater runoff into sensitive waters, if allowed,
requires pretreatment or other methods of abatement in order to protect living organisms and maintain
a healthy ecosystem. In Eaton County the following sensitive water types have been identified.




Sensitive groundwater where discharge through filtration or infiltration is restricted due to
potential impact on a public water supply, particularly within a wellhead protection area.
Sensitive surface water, identified as any stream designated for full or partial body contact,
including all reaches of the Grand River in Eaton County. Other sensitive receiving waters
include portions of the Thornapple and Battle Creek Rivers.
Trout Streams or Other Cold Water Streams or lakes. Eaton County does not have any
designated cold water streams but this information is included to draw attention to low impact
and environmentally friendly methods for abating warm temperatures typically associated with
stormwater runoff.
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Wetlands, either regulated or unregulated, are a category of sensitive water because of their
value in flood control and ecosystem diversity. Criteria developed for this category is primarily
concerned with protection and preservation.
Waters subject to site based pollutant load reductions are the last category of sensitive waters.
In Eaton County, all land within the Carrier Creek Watershed is regulated under a TMDL for
sediment pollution. Sediment from new development or re-development in this watershed
must be reduced by 50% from current loading. It is expected that many streams in Eaton
County will eventually be subject to a TMDL for ecoli bacteria which may require sampling of
water discharged from a site to assure compliance.

Protecting critical areas during construction and after development can be difficult and costly so it is
best to avoid construction in critical areas, and to plan development around them. Some ideas that can
be incorporated into the design of a development near a sensitive area include:







Avoid construction in and adjacent to natural drainageways. Disturbing these areas
destroys natural vegetation and often results in channelized streams.
Avoid development on steep slopes. The erosion potential on a steep slope is significant
and difficult to control.
Maintain and protect dense vegetation and buffer/filter strips. Leaving dense vegetative
cover adjacent to surface water is the most important factor in preventing erosion.
Preserve porous soils. Site planning should include avoiding development over and
compaction of highly porous soil areas. These areas should be used for their infiltration
potential.
Avoid disturbing erodible soils. Soil denuded of vegetation erodes easily and are difficult to
stabilize permanently.
Preserve and "more wisely" use natural drainage systems. Keep pavement and other
impervious surfaces out of low areas such as swales and valleys. This means locating roads
and parking areas high in the landscape and along ridges wherever possible. Unfortunately,
most existing development standards and approaches implicitly encourage road
development in or through naturally low areas where surface water tends to flow. These
pathways themselves become sources of point and nonpoint pollution.

Treatment Train Concept
All BMPs should be chosen for their suitability as part of a series of linked treatment methods (a
treatment train). Each BMP can be chosen for its ability to address a particular problem. A measure
that addresses flow can be followed by a practice that removes coarse sediments. As water courses
toward the outlet the staged removal of successively fine sediments will result in clean discharge from
the site. And treatment methods at the lower end of the chain will be protected against premature
failure.
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SENSITIVE GROUNDWATER PROTECTION SITES
Sensitive groundwater protection areas in Eaton County include any development or redevelopment site
adjacent to a state regulated water supply or any development or redevelopment site located within a
wellhead protection area. Groundwater is a critical resource from which all of the Lansing area derives
is drinking water.
Protecting groundwater resources actually accomplishes two things. Surface water that infiltrates mixes
in the saturated soil layer where some of it continues downward to the aquifer from which drinking
water is pumped. The remainder eventually ends up as base flow in small streams. Aquatic organisms
rely on base stream flow to survive so the importance of protecting these waters from pollution,
particularly chemical pollution, is important.
Because land development usually increases the amount of impervious surface that presents a barrier to
natural recharge, a net decrease in ground water recharge rates can be expected in urban watersheds.
Thus, during prolonged periods of dry weather, stream flow sharply diminishes. In smaller headwater
streams, the decline in stream flow can cause a perennial stream to become seasonally dry.
Urban land uses and activities can also degrade groundwater quality if stormwater runoff is directed
into the soil without adequate treatment. Certain land uses and activities are known to produce higher
loads of metals and toxic chemicals and are designated as potential stormwater hotspots. Soluble
pollutants, such as chloride, nitrates, copper, dissolved solids and some hydrocarbons can migrate into
ground water and contaminate wells. Stormwater runoff should never be infiltrated on a site located at
a designated stormwater hotspot.
Development & Redevelopment in Proximity to State Regulated Water Supplies
In Michigan the DEQ exercises regulatory oversight for all public water supplies, including approximately
1,500 community water supplies and 11,000 non-community water supplies. The Michigan Safe Drinking
Water Act, Public Act 399, enables the DEQ to maintain direct control over the public drinking water
program within the state. In addition, Part 127 (Water Supply and Sewer Systems) of the Public Health
Code, Public Act 368 regulates construction standards for water wells. Michigan has more households
(1.12 million) served by private wells than any other state, with approximately 25,000 domestic wells
drilled per year.
Water supply wells generally pump water from either of two types of aquifers. Unconsolidated aquifers
are those that are composed of sands, silts and gravel, are generally unconfined, and are located in close
proximity to the surface. They exhibit high levels of porosity and permeability, allowing unrestricted
water movement.
Consolidated rock or fractured-bedrock aquifers lie much deeper and consist of bedrock layers of
sandstone, shale or carbonate rock such as limestone and dolomite. They can also include layered or
irregular bodies of crystalline rocks.
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Fractured-bedrock aquifers are the most widespread and commonly exploited aquifers. They occur
under both confined and unconfined conditions and exhibit low primary porosity with ground water
stored in openings between the various layers and in fractures.
A well provides a direct connection between the surface area adjacent immediately around the well and
the aquifer below. The well is a potential conduit for introduction of pollutants to the drinking water
supply below. Isolation and protection are key elements to consider when designing a site for
development.
Development & Redevelopment in Wellhead Protection Areas
Wellhead Protection Program: The purpose of Michigan's Wellhead Protection Program (WHPP) is to
protect public water supply systems (PWSS) which use ground water from potential sources of
contamination. Protection is provided by identifying the area which contributes ground water to PWSS
wells, identifying sources of contamination within the area, and developing methods to manage and
minimize the threat to the PWSS.
Michigan's WHPP was developed in response to the 1986 amendments to the federal Safe Drinking
Water Act (SDWA). Wellhead protection is a voluntary program which is implemented on a local level
through the coordination of activities by local, county, regional, and state agencies. Guidelines for the
program were developed jointly by the DEQ. Although the program is voluntary, PWSSs who choose to
participate in wellhead protection must develop a local WHPP consistent with the guidelines established
by the state. Local WHPPs must specifically address seven elements which include the establishment of
roles and duties, wellhead protection area (WHPA) delineation, identification of sources of
contamination within the WHPA, the development of mechanisms to manage the WHPA and minimize
threats to the PWSS, the development of contingency plans for water supply emergencies, identification
of procedures for the development of new well sites and incorporate them into the local WHPP, and
provide opportunities for public participation. Various state and local regulations are integrated into the
local WHPP and provide legal authority for a broad range of activities which help to support local
wellhead protection efforts.
Wellhead Protection Area Delineation: The federal SDWA defines a wellhead protection area as the
surface and subsurface area surrounding a water well or well field, supplying a public water system,
through which contaminants are reasonably likely to move toward and reach such water well or well
field. In simpler terms, it is that area which contributes ground water to a PWSS well. Michigan WHPP
requires a hydrogeologic study to identify the contributing area. The area contributing ground water to
a well may extend for miles; therefore, Michigan's WHPP is based upon a ground water time-of-travel
(TOT) of 10 years. The 10 year TOT provides a reasonable length of time for responding to
environmental problems within the WHPA while concurrently providing an area which can be
reasonably managed.
Potential Sources of Contamination: Michigan's WHPP requires the identification of sources of
contamination within the WHPA. As a minimum, known and potential sites of environmental
contamination should be included on a contaminant inventory list. Known sites of environmental
contamination may include leaking underground storage tanks, Superfund sites, 201 sites of Act 451,
sites of environmental contamination, and oil and gas contamination sites. Known sites which represent
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a potential for contamination include registered underground storage tanks, hazardous waste
generators and ground water discharges.
Land use associated with agricultural operations, commercial facilities, manufacturing and industrial
facilities, institutional facilities, and utility companies may also be considered potential sources of
contamination. Abandoned wells left improperly sealed provide a direct conduit into the groundwater
system through which contaminants may migrate and should be considered as potential sources of
contamination. In order to effectively manage a WHPA and accomplish wellhead protection, it is
essential that threats to the PWSS are known.
Wellhead Protection Area Management: The goal of WHPA management is to provide mechanisms
which will prevent existing and potential sources of contamination from reaching the public water
supply well or well field. Communities are encouraged to develop management strategies which may be
unique to their situation and specific to the contaminant source inventory developed for the WHPA.
Management approaches may entail a broad range of activities including facility inspections, land-use
regulations, operational policies, best management practices, public information and education.
Management strategies should serve to generate support and attention to the WHPA for local, county,
state, and federal regulatory activities. The strategies should attempt to minimize (eliminate if possible)
land use activities which pose a significant threat to the PWSS, motivate landowners within the WHPA to
take appropriate steps to reduce threats to the PWSS, and provide education to residents, businesses,
and industries located within the WHPA to emphasize their role in making wellhead protection work.
An important aspect of wellhead protection is the general acceptance of the concept by community
leaders and the development of land use and land protection measures which support wellhead
protection. One means of providing for intelligent land use development is the incorporation of the
wellhead protection concept and the WHPA into a community's Master Plan. Incorporation in the
Master Plan aids community leaders in recognizing the extent of the WHPA and the need to set goals
and objectives for community development which serve to protect the PWSS. This approach provides a
mechanism for the effective use of local regulations in support of wellhead protection. Such support
may come through the development of community wide zoning provisions, the development of a local
site plan review process, or development of local standards for operation and maintenance of facilities
located in the WHPA.

Selecting BMPs in Areas Adjacent to Regulated Wells and Wellhead Protection Areas

Infiltration: Prior to installing BMPs that utilize infiltration and ultimately recharge of the aquifer two
issues must be considered:
 isolation distance required for the particular type of well, and
 quality of the stormwater discharge.

The DEQ established minimum isolation distances around State regulated wells regulated under Public
Acts 368 and 399. These minimum isolation distances vary in accordance with the potential
contamination threat posed by a site’s usage.
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The site plan process must also consider quality of the stormwater discharge. In particular, the presence
of potentially harmful pollutants being stored or produced on site should be noted. Depending on the
potential for a pollutant discharge with normal stormwater runoff, a site may be identified as a
stormwater hotspot which requires special consideration. Infiltration may not be an option in these
areas.
Pretreatment before infiltration: One of the most effective ways to pre-treat stormwater for infiltration
is to pass the stormwater through a layer of compost or a compost/soil mixture before allowing it to
infiltrate into the ground. Compost is defined as decomposed or composted organic material. Standard
mulch does not fall in this category. The organic materials in compost and in compost/soil mixtures has
a pollutant removal rates of over 90 percent for sediments, metals, bacteria and petroleum
hydrocarbons, and as high as 75 percent for total phosphorous. Pollutant removal effectiveness
increases with travel distance through the compost or compost mixture. Compost is not effective for
removing chlorides such as those found in deicing salt.
Use compost or compost/soil mixtures in vegetated swales, bio-retention areas, and infiltration trenches
and basins. For effectiveness travel distance through the mulch layer must be at least 18 inches before
filtering or percolating into the soil below. The type of vegetation planted in a compost or compost/soil
layer should be selected, in part, for its ability to replenish organic matter through seasonal leaf fall, root
die back etc. A high percentage of organic material must be maintained because it is this material that
has the cation exchange capacity necessary to capture and remove pollutants.

SURFACE WATER AND SURFACE WATER CORRIDOR PROTECTION
Surface waters include any river, stream, drain or lake that may or may not be utilized as a source of
public drinking water. In Eaton County all open drains and rivers fall into this category of protection.
Many of these streams are a source of water for irrigation. As a consequence, development within
these corridors is regulated to protect quality.
Surface Water Supplies and Special Protection Waters
There are no known municipal water supply intakes from surface waters in Eaton County. Drinking
water in the Lansing area is produced through deep wells. Special protection waters are defined as high
quality and exceptional value surface waters that must be protected from physical, chemical or
biological degradation. The Grand River is not currently designated for special protection. However, the
measures discussed below may be applicable to other streams where quality is known to be impaired,
or where efforts are underway to improve aquatic habitat.
At minimum the following measures must be considered:
 minimize the amount of imperviousness,
 infiltrate to the maximum extent possible,
 employ BMPs that impact both water quality and quantity,
 promote multiple points of discharge to prevent concentration in any one area, and
 manage the volume and rate of discharge to protect the receiving water.
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Stream Corridor Protection
A stream corridor is the area immediately adjacent to body of water (including a lake) that is
immediately affected when a disturbance occurs. For purposes of this Manual, a corridor is
defined as the full width of the floodway for all streams, and the 100-year flood elevation
around a lake. Both structural and non-structural methods should be employed in these areas to
the maximum extent possible to prevent soil destabilization and sedimentation. Management
practices for stream corridor stabilization are discussed under the heading Best Management
Practices. As previously noted, protection of corridor areas is difficult without proper planning.
The simplest method for protecting channel corridors is to avoid construction in and adjacent to natural
drainageways. Construction and building in these areas frequently leads to stream channelization.
Vegetation destroyed is usually difficult to re-establish. Paving in these areas leads to elevated volumes
and rates of runoff. A site plan calling for extensive modification of the land surface in a natural
drainageways is unlikely to meet the goal of preserving pre-development hydrologic conditions.
Another effective means for protecting channels and channel corridors is to avoid developing on steep
slopes.
Maintaining and protecting dense vegetation and buffer/filter strips along a channel also preserves
channel integrity. Leaving undisturbed vegetative cover immediately adjacent to a stream or lake
creates a filtering buffer. Any of the protected area outside regulated wetlands or floodways may be
eligible for a storm water credit as well.
Where an existing channel exhibits destabilization prior to new land development, the Drain
Commissioner will determine if the channel is stable enough for introduction of new stormwater
discharges, or if special measures will be required to protect bank full volumes. Where funding allows,
the Drain Commissioner may initiate a watershed study to determine restorative measures needed
within the entire watershed.
TROUT STREAM PROTECTION
There are no designated trout streams in Eaton County. However, the information for protecting these
critical environments is included to address thermal pollution in stormwater runoff.
Trout Streams
Trout populations are threatened by stream habitat degradation, stream warming, possible chloride
toxicity, and other impacts associated with upland development. For discussion, this section will
primarily address thermal pollution. Thermal pollution reduces the dissolved oxygen level in a stream,
impacting all small aquatic forms of life and the fish that feed upon them. Increased temperatures also
affect the metabolic rates of aquatic organisms and increase their sensitivity to other pollutants,
parasites, and diseases. The two conditions most responsible for thermal pollution in a stream are the
elimination of streamside forest cover and the direct introduction of runoff from warmed, impervious
surfaces.
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Another concern is sedimentation. Sediment deposition harms benthic macroinvertebrates by covering
the bottom of a stream, and by destroying or limiting availability of spawning beds. Cloudy water also
clogs the gill plates of native fish.
Road salt also impacts trout habitat. Chloride, which is a main component of road salt, is highly soluble.
There is virtually no way to remove the chemical after it enters a stream (or the ground water). Chloride
is extremely toxic to fish and during a runoff caused by snowmelt, a spike in the level of chloride in a
stream can result in fish kills.
Thermal Considerations
The increase of impervious surfaces in urban areas is a major source of thermal pollution in cold
climates and threatens the health of cold-water ecosystems. Research shows that average stream
temperatures increases in direct proportion to the percentage of impervious cover in a watershed.
Impervious areas absorb energy (heat) from sunlight which is absorbed by runoff water. Because
imperviousness also decreases infiltration, higher volumes of warmed runoff water enter the stream
during a precipitation event. In the summer months this leads to permanently higher stream
temperatures.
All biological activity is related to temperature which affects chemical and biochemical processes.
Higher water temperature results in lower dissolved oxygen (DO) concentrations and may increase
biological oxygen demand (BOD). Temperature increases in streams can also result in behavioral
changes in fish and macro invertebrate communities.
Over time, the cumulative impact of developing individual sites in a watershed does increase
temperature in the receiving water. Mitigation of temperature impact helps to maintain a healthy
stream environment. Controlling sediment also eliminates problems with suspended solids, nutrients
and other pollutants that attach to soil particles.

143

Figure III.A Modified stream with no thermal protection.
The natural ripairan buffer has been removed from this stream, reducing shade and increasing the
temperature of the stream. Many native organisms cannot tolerate these higher temperatures.

Effects of On-Site Conveyance
The manner in which stormwater runoff is transported can have a substantial impact on temperature.
Conveyance through a paved channel actually increases temperature because of exposure to
atmospheric heat. Conversely, conveyance through an underground system results in cooling by
indirect contact with the surrounding soil. In one study, runoff routed through 550 feet of buried
corrugated metal pipe was cooled by more than 10°F.
Although buried pipes may reduce runoff temperatures, they don’t reduce other pollutants. Also, the
benefit of cooling runoff internally in a development with underground piping may be irrelevant at a
development site if water temperature in the receiving wetland or pond is already high. By employing
an underground system for removing excess water in a retention area, some loss of cooler temperatures
can be mitigated. Aerating the discharge from the pipe (a level spreader for example) will provide some
additional relief. Employing level spreaders at all points of introduction of stormwater to a treatment
basin or wetland will provide additional benefits. Incorporating conveyance in a buried pipe after runoff
has been treated in a basin or wetland can be used to cool BMP effluent but the runoff should be
aerated before discharging to a cold water environment.
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Recharge as a Means to Maintain Baseflow
Recharge is that portion of runoff water that infiltrates into the ground and replenishes groundwater
reserves. These reserves contribute to baseflow in streams and provide soil moisture for the
establishment of healthy ground cover.
Base flow refers to water that enters streams by flowing laterally through underground reserves.
Because water moves slowly through the soil layers, streams are fed slowly over long periods. During a
prolonged period of drought, it is the groundwater that maintains base flow.
It is strongly recommended that excess runoff volumes produced from all storm events be infiltrated to
the maximum extent possible to preserve baseflow for cold water environments.
BMP Design Recommendations to Mitigate Heated Runoff
Appropriate BMPs for Mitigating Thermal Pollution:
Infiltration basin

An excellent option for cold water streams because they encourage infiltration
of stormwater and maintain dry weather flow. Because stormwater travels
underground to the stream, it has little opportunity to increase in temperature.

Sand filter

A good treatment option for cold water streams. Surface sand filters are
typically not designed for permanent pooling although there is temporary
ponding in the sedimentation chamber above the filter. Designers could
consider shortening the detention time in cold water watersheds.

Grassed channel

This management option does not pond water for a long periods and often
induces infiltration. As a result, standing water is not usually subjected to
warming by the sun.

Bioretention Area

A good option for a cold water stream because ponding is short term.

Porous Pavement

Porous pavement reduces the time that stormwater discharges are exposed to
sunlight and environmentally induced heating.

Outlet Structure

An outlet structure should draw from the bottom of the deep pool at wetland
outlet. Outflow should be aerated before entering a cold water environment,
and should be limited in amount and intensity.

Vegetation

Keeping water well shaded using broadleaf vegetation with a separation
between leaves and the water surface for air circulation.
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BMPs That Are Inappropriate for Mitigating Thermal Pollution:
Dry Extended Basins
Dry extended detention ponds can actually increase stream temperature. To minimize this
affect, detention time would need to be reduced which may result in failure to meeting other
stormwater quantity or quality requirements.
Wet Detention Ponds
Wet weather ponds will likely cause stream warming because of heating in the permanent
pool. A study in Prince George’s County, Maryland, found that storm water ponds heat
stormwater by as much as 9°F between inlet and outlet.
Constructed Wetlands
When water stands in the permanent pools in a constructed wetland it is subjected to heating
by the sun. In the Prince George’s study on an extended detention wetland, the average
temperature of the storm water runoff flowing through the wetland increased by about 3°F.

WETLAND PROTECTION
Wetlands provide many water quality benefits such as nutrient retention, filtration, as well as temporary
and permanent storage for flood waters. Wetlands also provide critical habitat for some species of fish
and wildlife. Approximately 30% of Michigan’s threatened and endangered plants, and approximately
60% of its 65 threatened and endangered animals, are wetland species.
In watersheds experiencing significant development pressures or those containing sensitive wetland
communities, a major objective has to be wetland protection. Special storm water criteria may be
needed when working near or within the contributing drainage area (CDA) of a wetland. Stormwater
management strategies range from merely requiring pretreatment before discharging to a wetland to
total exclusion of all new discharges.
When a wetland is used for stormwater retention its hydrology is altered. There is an attendant loss of
biological diversity and functional value. Wetland protection guidelines attempt to ensure a balance
between the need for stormwater treatment versus natural wetland protection.
Wetland Degradation
Human activities often lead to wetland degradation by changing water quality, quantity, and flow rates.
Pollutant input is increased and biodiversity changes. Often non-native species become established to
the detriment of existing native species.
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Human activity that leads to wetland degradation includes the following:






Hydrologic Alterations. A wetland’s characteristics evolve when hydrologic conditions cause
the water table to saturate or inundate the soil for a certain amount of time each year. Any
change in hydrology can significantly alter soil chemistry and plant and animal communities.
Common hydrologic alterations in wetland areas include filling and draining for development,
conversion for farming, dredging and stream channelization for navigation or flood control;
installing dikes and dams to create ponds or lakes, flow diversion, and the addition of
impervious surfaces in the watershed.
Pollution Inputs. Although wetlands are capable of absorbing pollutants from the surface
water, their capacity to do so is limited. Primary pollutants causing wetland degradation are
sediment, fertilizer, human sewage, animal waste, road salts, pesticides and heavy metals.
Pollutants originate from many sources, including runoff from urban, agricultural, and mining
areas, landfills and dumps that leak toxic substances into the groundwater, and marinas which
can exhibit high levels of turbidity and are a source of hydrocarbon spills.
Vegetation Damage. Wetland plants are easily degraded when subjected to hydrological
changes and pollution. Other activities that can impair wetland vegetation include grazing, the
introduction of nonnative plants, and removal of vegetation for peat mining.

Protecting Natural Wetlands
This section addressed naturally occurring wetlands (those not created specifically for stormwater
management). Although best to preserve existing wetlands as an attribute to an adjacent but nonintrusive development, when a natural wetland is incorporated into an overall stormwater management
scheme, a number of conditions must be met.
1. Wetlands must be protected from the damaging modifications and adverse changes in runoff quality
and quantity associated with land developments. Before Eaton County will approve a site plan that
alters an existing wetland, evidence of permits from DEQ must be presented.

2. Direct discharge of untreated stormwater to a natural wetland is prohibited. All runoff from the
development must be pre-treated to remove sediment and other pollutants prior to discharging to a
wetland. Treatment facilities must be constructed and operational before mass grading begins.
Discharge velocities from BMPs must take into account soil, slope and receiving water conditions.

3. Site drainage patterns cannot be altered in any way that will modify existing water levels in
protected wetlands without proof of all applicable state and federal permits.

4. A qualified wetland professional must oversee wetland construction, reconstruction, or
modification.

5. Whenever possible, a permanent buffer strip, vegetated with native plant species, must be
maintained or restored around the periphery of wetlands.
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6. Wetlands will be protected during construction by appropriate soil erosion and sediment control
measures.
Constructed Stormwater Wetlands
Stormwater wetlands are defined as constructed systems explicitly designed to mitigate stormwater
quality and quantity concerns associated with development. They do so by temporarily storing
stormwater runoff in shallow pools that provide suitable growing conditions for emergent and riparian
wetland plants. The plant and aquatic communities that are created when stormwater wetlands are
linked in a treatment train provide diversity, educational opportunities and surface storage that
previously did not exist.
Conditions inherent for approval of a constructed or stormwater wetland include:
1. Stormwater wetlands may not be located within delineated natural wetland areas, and may not be
constructed within wetlands that were previously created to mitigate the loss of natural wetland.
2. The design of an effective and diverse stormwater wetland requires a sophisticated understanding
of hydrology and wetland plant ecology. A qualified professional with specific wetland expertise
must oversee wetland construction, re-construction or modification.
3. Stormwater wetland systems must be designed to perform in conformance with all standards for
storage volume and discharge rates established by this Manual.
4. The developer must monitor the success of wetland plantings, replacing those as needed.
Monitoring is required for a period of two successive growing seasons after a wetland has been
constructed.
5. Planting design will consider species diversity and use of indigenous species.
The goal for creating any new wetland is to provide an environment that, over time, achieves to the
maximum extent possible the same functions and benefits realized by a natural wetland. Effective
stormwater wetlands should be forested, duplicating conditions found in a typical wooded wetland.
Examples are shown in the following figures.
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Figure III.B. Wooded wetlands (Source: Cappellia et al., 2005)
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Figure III.C

Tree Mound (Source: Cappellia et al., 2005)
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Figure III.D
Techniques for enchancing wildlife habitat in stormwater wetlands (Source: Scheueler, 1992)

Incorporating Wetland Features into other BMPs and Landscaping:
Wetland features can be incorporated into other BMPs and site landscaping to increase the pollutant
removal performance, habitat value, and appearance of these practices, including:
• The aquatic bench and safety benches of a wet pond
• The bottom of a wet swale
• Around the fringes of a basin
• The center of bioretention areas constructed without underdrains
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Wetland features can also be incorporated into landscaping features at a site. Traditionally, landscaping
and storm water management have been treated separately in site planning. In recent years, planners
have discovered that integrating storm water into landscaping features can improve the function and
quality of both. The basis for collaboration is adjustment of the planting area to accept storm water
runoff from adjacent impervious areas and utilization of wetland plant species suitable for a modified
inundation regime (Table III.1).

Table III.1 Environmental Factors to Consider when Integrating Stormwater and Landscaping
Duration and depth of inundation

Invasive plants

Frequency of inundation

Pollutants and toxins

Available moisture during dry weather

Soil Compaction

Sediment loading

Susceptibility to erosion

Salt exposure

Browsers (deer and beaver)

Nutrient loading

Slope

Pretreatment of Flow Prior to Entering Wetlands:
Under requirements of Eaton County’s NPDES Permit, a specified volume of runoff must be pretreated
to remove pollutants for the first flush after a storm event. The 1 inch/24 hours standard adopted by
Eaton County will remove up to 80% of the sediment load and up to 50% of the phosphorus load
annually in urban stormwater runoff.
This required water quality volume should be fully treated before any runoff is discharged to a downgradient wetland within the watershed. While this level of water quality treatment is sufficient for most
wetlands, it is inadequate to protect nutrient-sensitive natural wetlands including bogs and calcareous
fens. The Drain Commissioner may require a higher level of storm water treatment for particularly
sensitive natural wetlands, including no net increase in phosphorus loading from the portion of a
development within the wetland CDA. Additional field investigation and analysis may be ordered as a
condition of accepting an attendant plan for review.
Selection of BMPs to Protect Wetlands
This section of the Manual provides specific details for selection, design and construction of various
BMPs. Selection and design for placement in a wetland CDA is critical to protect sensitive wetlands. The
primary storm water management strategy within a CDA is to maximize the amount of infiltration and
filtering across the entire site which may include modification of standard BMP design.
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Infiltration and bioretention practices are recommended to protect sensitive wetlands. Wet ponds,
sand filters, and stormwater wetlands may also be employed. Be mindful that these particular BMPs do
not significantly reduce runoff volumes generated at the development site.
Dry detention ponds are generally not recommended for wetland protection because they are not
necessarily designed to remove specific pollutants, and the water discharge may be subject to
temperature fluctuations. A combination of Low Impact Development (LID) techniques and BMPs is
often needed to protect sensitive wetlands, taking into consideration the function of the wetland as it
currently exists, the water budget required to maintain that function, and potential future changes in
stormwater input from the CDA. General guidance for incorporating specific types of BMPs is present
below.
Infiltration
Infiltration practices capture and temporarily detain runoff, allowing it to filter into the soil over a period
of several days. Infiltration practices are the ideal BMP since they are the only practices capable of
maintaining predevelopment runoff volume without incurring substantial construction costs. Often, the
presence of wetlands at a site signals that local conditions may be unsuitable for infiltration. Soil testing
at different parts of a site may identify a location where infiltration may be possible. If infiltration
cannot be achieved, bioretention should be considered.
Bioretention
Bioretention practices are shallow landscaped depressions that capture runoff and filter it though a
prepared soil mix. Runoff is typically collected in an underdrain system and returned to the storm drain
system. Bioretention practices are highly recommended if soils are unsuitable for infiltration. Recent
research indicates that several bioretention designs have high pollutant removal rates and help reduce
runoff volumes through evapotranspiration, and in some cases, partial or full infiltration into the subsoil.
Bioretention practices treat runoff near its source and can also be an attractive landscape feature.
Wet ponds and sand filters
Wet ponds and sand filters may also be appropriate practices to consider within the CDA of a wetland.
Both receive high marks for pollutant reduction, but only produce minor changes in runoff volumes.
Both must be located outside the buffer area associated with a wetland. Most importantly, designers
must take steps to ensure that storm water discharges from either practice does not alter the
hydroperiod of any sensitive downstream wetland.
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SITE BASED POLLUTANT LOAD REDUCTION
Eaton County’s NPDES Permit identifies one watershed (Carrier Creek) where a TMDL for sediment
pollution has been established. Additionally, TMDLs for ecoli bacteria will likely be imposed for many
other watersheds in the eastern half of the County in the near future. After a TMDL is established,
actual loading for the target pollutant must be reduced below existing conditions (that is, below the
level established for the current land use). The sediment loading for development occurring within the
Carrier Creek watershed must be reduced by fifty percent (50%) to comply with the TMDL. Once a
TMDL is established, restrictions require mitigation to address current loadings from both developed
and undeveloped sites.
The antidegradation rule of the state’s Water Quality Standards (Part 31, PA 451, 1994) stipulates that
where human activity has impaired attainment of water quality standards, and where higher standards
are not economically or technically achievable in the foreseeable future, the existing quality limits shall
apply, representing the minimum standards for plant nutrients, microorganisms, dissolved oxygen and
temperature. Under the antidegradation rule, the level of water quality necessary to protect existing
uses shall be maintained and protected.

SPECIAL CRITERIA FOR COMPLEX DEVELOPMENT SITUATIONS
Federal, state, and local agencies responsible for watershed management and pollution control
programs are becoming increasingly aware of the significant effects that urbanization has on the natural
balance between stormwater runoff and the ecosystem of wetland and stream systems. Land use
changes from agricultural to urban (urbanization) result in the conversion of pervious spaces, such as
vegetated and open forested areas, to increased areas of impervious surface, resulting in increased
runoff volumes and pollutant loadings.
As urbanization progresses the quantity of stormwater runoff within a watershed increases, largely due
to loss of infiltration. The greatly increased runoff volumes and subsequent sediment loadings to
surface waters that accompany these changes are of concern. Hydrologic changes to a watershed are
directly related to the amount of new impervious surface which impacts peak runoff frequencies, time
to peak, runoff volumes, and runoff velocities. Stream channels respond by either increasing their crosssectional area to accommodate the higher flows or down-cutting. Channel instability begins a cycle of
streambank erosion and habitat degradation, often increasing frequency and severity of flooding.
In response to these stresses, BMPs have been developed to reduce impact. The "ultra-urban"
environment has been used to describe metropolitan areas of the country where space for stormwater
BMP implementation is limited. These areas present special challenges to a planner or stormwater
manager. Often storm retrofits are necessary to mitigate the effect of new development (or
redevelopment in critical areas).
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A) ULTRA-URBAN SETTINGS
Ultra-urban areas are characterized by high densities of paved surfaces or buildings that result in a high
degree of imperviousness. Buildings, parking facilities, urban streets, highways, or walkways cover a
majority of the land area, with imperviousness typically greater than 50 percent. These impervious
surfaces can provide an effective environment to collect and accumulate undesirable constituents from
atmospheric deposition, vehicular traffic, or other sources. Figure C.1 illustrates the impact of these
changes.
Several factors have been identified as having a major influence on the types of constituents and their
concentrations. Among these are land use practices. Ultra-urban areas typically contain higher
population densities and attendant high levels of trash and debris. Pets deposit fecal material which is
subsequently introduced to the stormwater collection system, adding pathogenic bacteria to the mix.

155

Figure III.E Changes in runoff flow resulting from increased impervious area
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Traffic characteristics are another major influence on constituent loadings in stormwater runoff. Even
with mass transit available, automobile usage in urban areas remains high.
Identifying each constituent source helps to characterize the nature of runoff in an ultra-urban area.
This information helps to determine the most effective technologies for removal. Knowledge of the
product one must deal with, coupled with an understanding of the impact on aquatic life, including
changes of a chemical nature, assure proper BMP selection. In an ultra-urban environment, water
temperature regulation may be the most difficult goal to achieve.
Pollutants of Concern
Several factors affect overall constituent loadings in street runoff. Street runoff is strongly influenced by
emissions and leaks from vehicular traffic. Streets are usually directly connected to stormwater
drainage system. Additional information can be found below under the Transportation Corridors
heading.
Disconnecting impervious surfaces and directing runoff to a pervious surface can provide opportunities
for infiltration which will reduce both quantity and constituent loading. Unfortunately, given the limited
opportunities for mitigating the effects of sediment with its attendant heavy metal components often
found in urban areas, correcting this type of pollution is difficult.
Water Quantity
The hydrologic effects of development can cause a multitude of problems including significant flooding
and the potential endangerment of life and property. In an ultra-urban environment, stormwater runoff
must be routed efficiently and effectively to minimize flooding. Therefore, when considering BMP
alternatives for a specific site, both water quantity and water quality issues must be taken into
consideration. Efficient collection and routing of stormwater runoff in an ultra-urban setting is essential
to minimize localized flooding and provide efficient drainage to properties. Taking advantage of existing
natural features may be the best answer. As an example, in King County, Washington, studies were
conducted that showed 55 percent of the rain that falls each year in forested basins eventually appears
as stream flow. For an impervious basin in the same area, approximately 85 to 90 percent of annual
rainfall eventually appeared as stream flow.
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In some cases BMPs can be used to mitigate the downstream effects of increased peak flows in receiving
waters. Detention facilities can help maintain the rate and/or duration of flows at predevelopment
levels. However, due to space limitations in the ultra-urban environment, BMPs must be designed to
provide multiple benefits including water quality and quantity which may require modification of the
standard basin design.
Water Quality
Eaton County has adopted the 1- inch/24 hour first flush standard. Because suitable areas for structural
treatment systems are often unavailable in heavily urbanized areas, an off-set provision has been
adopted. Refer to Part 2 of this Manual for more information.
Ultra Urban BMP:
Examples of applicable ultra-urban BMP’s include bioretention facilities, vegetated swales, and porous
pavement. For more information on proper BMP selection refer to Best Management Practices.
B) TRANSPORATION CORRIDORS
Past practice for stormwater management on transportation corridors has been to remove stormwater
from the roadway as swiftly as possible to ensure public safety and the integrity of the road system. This
presents a challenge to incorporating LID practices.
Public agencies with NPDES Permits must apply applicable standards to road construction projects as
well. A road project that does not increase the volume or discharge rate is considered to be a
maintenance project and is exempt except that no additional degradation of the receiving stream may
occur. However, if the foot print of a road changes by more than 1 acres (adding lanes for example), or
if the drainage system is modified in the course of construction, the added runoff must comply with
permit standards.
Transportation Corridors
Stormwater runoff from roads and parking lots is a significant source of pollution and a source of
thermal concern as well. Studies have indicated that the runoff from summer storm events may exceed
90F, and that winter runoff may be 37F colder than the receiving stream ambient temperature.
Chemical constituents of roadway runoff are also highly variable. Table C.1 lists pollutants identified in
transportation corridors by the Federal Highway Administration. Streets tend to have higher
concentrations of sediments and suspended solids which must be address through proper BMP
selection. Treatment for salt and heavy metals must also be considered.
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Pollutants of Concern
Table III.2 Constituents and Sources in Highway Runoff
Constituent
Particulates

Source
Pavement wear, vehicles, atmospheric deposition, maintenance activities

Nitrogen, Phosphorus Atmospheric deposition and fertilizer application
Lead

Leaded gasoline from auto exhausts and tire wear

Zinc

Tire wear, motor oil, and grease

Iron

Auto body rust, steel highway structures such as bridges and guardrails, and
moving engine parts

Copper

Metal plating, bearing and brushing wear, moving engine parts, brake lining
wear, fungicides and insecticides

Cadmium

Tire wear and insecticide application

Chromium

Metal plating, moving engine parts, and brake lining wear

Nickel

Diesel fuel and gasoline, lubricating oil, metal plating, bushing wear, brake lining
wear, and asphalt paving

Manganese

Moving engine parts

Cyanide

Anti-caking compounds used to keep deicing salts granular

Sodium, Calcium,
Chloride

Deicing salts

Sulfates

Roadway beds, fuel, and deicing salts

Petroleum

Spill, leaks, antifreeze and hydraulic fluids, and asphalt surface leachate
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The characteristics of highway runoff have been the focus of several studies. Stormwater runoff from
roadways and impervious surfaces in heavily developed areas has been shown to contain significant
levels of street litter, animal and bird waste, atmospheric deposition, and inputs from urban road runoff.
Among the constituents found in highway runoff are particulates, chromium, copper, cadmium, lead,
nickel, nitrogen and phosphorus, zinc, manganese, petroleum hydrocarbons and rubber.
Major sources of constituents on highways are vehicles and atmospheric deposition. Vehicles generate
water quality concerns both directly and indirectly. Contaminants occur from normal operation and
wear of frictional parts. Cars and other vehicles were suggested as the source of over 50% of the total
load to the Lower San Francisco Bay of three metals—copper, cadmium, and zinc. Reportedly, tire wear
could account for at least half of the total cadmium and zinc loads deposited in the bay each year, with
the copper load being linked to brake pad wear. Metals that are strongly linked to cars, such as cadmium
and copper, are found in higher concentrations in runoff from streets and parking lots, and in much
small concentrations in runoff from rooftops and lawns. Emissions and leaks from vehicles are another
source of contamination.
Indirectly, vehicles track contaminants from adjacent parking areas, fields and gravel roads. The results
of several studies characterizing highway runoff constituent concentrations are presented below.
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Table III.3 Constituents of Highway Runoff
Concentration1

Parameter
Total Suspended Solids (TSS)

45-798

Volatile Suspended Solids (VSS)

4.3-79

Total Organic Carbon (TOC)

24-77

Chemical Oxygen Demand (COD)

14.7-272

Biochemical Oxygen Demand (BOD)

12.7-37

Nitrate Nitrite (NO3+NO2)

0.15-1.636

Total Kjeldahl Nitrogen (TKN)

0.335-55.0

Total Phosphorus as P

0.113-0.998

Copper (Cu)

0.022-7.033

Lead (Pb)

0.073-1.78

Zinc (Zn)

0.056-0.929

Fecal coliform (organisms/100 ml)

50-590

Ranges of average values reported in the literature (Barrett et al., 1995).
1
mg/L unless otherwise indicated.

161

In one study, streets were identified as a significant source of urban constituents in residential,
commercial, and industrial areas. The results shouldn’t be surprising since streets are traditionally
constructed in the lowest areas for effective drainage. The study collected over 300 runoff samples
from 46 micro-sites in two watersheds, sampled runoff from lawns, driveways, rooftops (residential and
flat industrial), commercial and industrial parking lots, and a series of street surfaces (feeder, collector,
and arterial). Streets produced some of the highest concentrations of phosphorus, suspended solids,
bacteria, and several metals. Parking lot areas had moderately high concentrations of all constituents.
Other studies have found the concentrations of some of the metals and nutrients significantly correlated
with that of TSS. These results suggest that controlling TSS may result in reducing other constituents
with the same particle sizes.
The event mean concentration (EMC) values of total phosphorus (TP), total Kjeldahl nitrogen (TKN), total
organic carbon (TOC), lead (Pb), and zinc (Zn) are related to the values of TSS EMC. This correlation
indicates that these constituents may be removed along with the particulates by filtration technologies
such as sand filters.
The impact on the environment from the use of road salt or other deicing agents is another issue to
address when characterizing runoff from streets and highways. Although sodium chloride, typically used
as the primary chemical deicer in northern states, is an inexpensive and effective choice, concerns have
been raised about the potential negative impacts (from chloride) on the environment, human health,
roadway infrastructure, and vehicles. The Michigan Department of Transportation identified some of
these impacts in a recent study.
 Contamination of drinking water supplies.
 Corrosion of automobiles.
 Corrosion of bridges and other infrastructure.
 Damage to vegetation within 15.2m (50 ft) of roadside.
 Temporary reduction in soil microbes, followed by summer recovery.
 Sensitivity of various deciduous trees.
 Attraction of deer to salts on roadways, increasing the risk of accidents.
 Stratification of small lakes, hindering seasonal turnover.
Secondary components (3 to 5% of road salt composition) include nitrogen, phosphorus, and metals in
concentrations exceeding those in natural waters.
Managing Stormwater Quantity
The hydrologic effects of development can cause a multitude of problems, including significant flooding
potentially endangering life and property. Often times in a transportation corridor, stormwater runoff
must be routed efficiently and effectively to minimize flooding. Therefore, when considering BMP
alternatives for a specific site within a transportation corridor, both quantity and quality must be
considered.
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Efficient collection and routing of stormwater runoff in transportation corridors is essential to minimize
localized flooding and provide efficient drainage to properties. Allowing increases in the total impervious
surfaces within these corridors will lead to higher rates of runoff and (potentially) road inundation. In
some cases BMPs can be used to mitigate downstream effects. For example, detention facilities can
help maintain the rate and/or duration of flows at predevelopment levels. When road improvements
are undertaken, roadside ditches can fulfill this function.
Managing Stormwater Quality
As development occurs and land uses change, new or additional pollutants are added to storm water
runoff. The impervious surfaces that typically accompany development also provide for efficient delivery
of these pollutants to receiving waterways. In short, the ecology of urban streams may be completely
reshaped by extreme shifts in hydrology, morphology and water quality that can accompany the
development process, particularly in a situation (a transportation corridor) where few options are
available to address existing conditions. The stresses that these changes place on the aquatic
community, although gradual and often not immediately visible, are profound.
Transportation Corridor BMP Technologies:
Not all transportation elements offer the same LID opportunities. In general, the greater the traffic
volume and mix of vehicles using a roadway, the less space there is available to accommodate BMPs
within the right of way. However, locations such as park-and-ride lots and recreational pathways can
incorporate LID BMPs with few constraints.
While many of the LID measures discussed in this Manual are appropriate for managing roadway runoff,
these measures should be designed and implemented with consideration of the nature of runoff from
road surfaces. Runoff from a road or street typically contains high levels of suspended solids and cannot
be discharged directly to many BMPs. The following pretreatment measures can be used to reduce
initial sediment loads before runoff enters a filtration system:
• Vegetated systems such as grassed swales and filter strips.
• Structural elements (catch basin inserts, filters, and manufactured treatment units).
• Maintenance measures such as street sweeping and vacuuming.

Proper design of vegetative BMPs
Vegetative BMPs such as grassed swales and filter strips can be highly effective in reducing pollutant
loads from roadways, but must be properly designed in terms of slope, flow velocity, flow length, and
vegetative cover. Vegetated BMPs are most effective for water quality treatment when growth is lush
and infrequently mowed. Concerns about increased friction losses in a completely vegetated swales can
be addressed by proper plant selection and physical configuration of the swale itself. There is a direct
correlation between height and thickness of vegetation and friction losses in vegetated swales.
Obviously as friction loss increases, water depth rises. Using vegetation with flexible stems (such as
Fowl Manna Grass, Bottlebrush Sedge or Brown Fox Sedge), allows the plantings to lay over during
periods of high flow. Conversely, failing to utilize appropriate plants may actually increase flooding.
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Consider the potential for spills
It is cost prohibitive to design for spill containment on all sections of roadway, but the designer should
consider the potential for spills and the necessary action should a spill occur. Subsurface systems,
infiltration systems, or vegetative systems may have to be replaced after a spill occurs. While this may
seem to be a limiting factor in the use of such systems, many existing storm sewers from roadways
discharge directly to receiving streams with no opportunity to contain or mitigate a spill before
discharging to a receiving stream. Therefore, while BMP restoration may be required after a spill, an
unregulated discharge to a stream may be prevented. Where hazardous wastes are transported, BMP
selection is especially critical. Also important is immediate access to drainage plans by emergency
personnel.
Deicing materials
Deicing materials affect vegetation, soil conditions, and water quality. Consider using more resistant
species in vegetative BMP. Proximity to water supply sources (public or private) should be considered if
designing an infiltration BMPs. Snow should be disposed of in a manner that doesn’t harm a
constructed BMP, or change the chemical nature of the soil beneath an infiltration BMP.
Impact of Temperature
The temperature impacts of runoff from roadways can significantly affect receiving stream aquatic
habitat. Roadways, especially asphalt roadways, tend to absorb and retain heat for long periods.
Although existing storm drains may discharge directly to a receiving water, new constructed discharges
should attempt to mitigate temperature impacts prior to discharge to a receiving water. Ways to
mitigate water runoff temperature include:
• Replace concrete line swales or pipes with vegetated systems and buffers. Multiple small
drainage elements that use vegetated swales for conveyance will help reduce the temperature
impacts from roadway runoff.
• If extended detention systems, wet ponds, or constructed wetlands are used for peak rate
mitigation, the discharge from these systems could be further mitigated by using vegetated
swales or buffers, as these impoundments themselves may also create adverse temperature
impacts. The discharge from an extended detention system could be conveyed via a vegetated
swale, or dispersed through a level spreader where trapped heat is more quickly dispersed.
Discharges should not be piped directly into receiving streams or wetlands.
• Extended detention systems should include design elements that reduce temperature impacts,
including
° systems with minimal permanent pool,
° preservation of shade trees and shrubs along shorelines or streams, and
° avoidance of excessive riprap and concrete channels.
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POLLUTION CONTROL/HOTSPOTS

Stormwater “hotspots” are defined as land uses that generate higher than normal concentrations of
hydrocarbons, trace metals, or toxicants. These include manufacturing and commercial facilities, high
use vehicle parking lots, material storage and handling facilities, vehicle/equipment fueling, washing,
maintenance and repair facilities; and areas where deicing activity is substantial. Increased constituent
loadings from these areas may generate concerns about sediment toxicity, groundwater contamination,
or toxicity discharging into the receiving surface waters. More effective stormwater treatment may be
required in these areas. In addition, other regulatory requirements may have to be met.

Hotspot Pollutants
Reduction or the elimination of stormwater pollutants can be achieved by implementing operational
source control BMPs including good housekeeping, employee training, spill prevention and cleanup,
preventive maintenance, regular inspections, and record keeping. These BMPs can be combined with
impervious containments and covers, or structural source control BMPs. If operational and structural
source controls are not feasible or adequate, a stormwater treatment BMPs will be necessary. Selecting
cost-effective BMPs should be based on an assessment of the pollutants and their sources
Identifying "hotspot" areas will also aid in determining the most effective BMP in terms of constituent
removal capability. Operational knowledge of a hotspot facility will also help to determine the
appropriate location for the BMP. The list of potential stormwater hotspots facilities includes:
 Auto recycler facilities.
 Commercial nurseries.
 Commercial parking lots.
 Fueling stations.
 Fleet storage areas (bus, truck).
 Industrial rooftops (depending on the roof surface).
 Marinas.
 Outdoor container storage of liquids.
 Outdoor loading/unloading facilities.
 Public works storage areas.
 Vehicle service and maintenance areas.
 Vehicle and equipment washing facilities
 Significant Industrial Users Regulated Industrial Pretreatment Program

165

Source Control of Pollutants from Hotspots
The two categories of source control have been identified and are described below.
Operational Source Control BMPs are non-structural practices that prevent or reduce pollutants from
entering stormwater. Examples include formation of a pollution prevention team, good housekeeping
practices, preventive maintenance procedures, spill prevention and cleanup, employee training,
inspections of pollutant sources, and record keeping. They may also include process changes, raw
material/product changes, and improved recycling. Operational Source Control BMPs are considered
the most cost-effective pollutant minimization practices and are often required when state or federal
permits are issued.
Structural Source Control BMPs are physical, structural, or mechanical devices intended to prevent
pollutants from entering a stormwater system. Examples of Structural Source Control BMPs typically
include:




enclose and/or covering the pollutant source (e.g. within a building or other enclosure).
physically segregate the pollutant source to prevent run-on of uncontaminated stormwater.
any devices that directs only contaminated stormwater to appropriate treatment BMPs

Source Control/Hotspot BMP Technologies:
Refer to the following section of this Manual for best management practices.
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BEST MANAGEMENT PRACTICES

A number of best management practices (BMPs) may be applied to development projects in Eaton
County. The examples are by no means exhaustive and site designers are encourage to apply new
technology as it becomes available. A planner must also demonstrate creativity when designing the
total treatment train.
Three principles govern the proper selection and placement of a BMP.
1. The most effective control addresses the pollutant at its source. An adequate soil erosion control
plan with proper implementation and a plan for maintenance will eliminate a significant percentage of
the total pollutant loading in a runoff stream.
2. Each BMP application chosen must be designed for addressing a particular pollutant constituent. For
example, a BMP that removes heavy particulate matter will not effectively remove finer suspended
solids that quickly impair a water body. And a practice that controls only fines will be quickly rendered
useless if smothered by larger soil particles.
3. Proper placement of a BMP in a treatment train is critical to success. The treatment process must be
designed and constructed to incorporate a number of practices, each targeted to a specific pollutant.
The process begins by removing the largest soil particles first, progressing to finer suspended solids
before runoff is discharged to an infiltration bed or stream outlet.

Refer to each best management practice fact sheet for specific information about proper selection,
design features, benefits and limitations, and considerations that should be addressed by both the site
designer and plan review personnel.
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BMP Fact Sheet
Variations



Clustering as an option
Clustering mandated by the
municipality
 Clustering with incentives such
as density bonuses
 Mixed Use – may be used as
an option

Cluster Development

Cluster development (also known as open space development)
concentrates development on smaller lots on a portion of a larger site.
Clustering allows the site planner to avoid resource sensitive and
constrained areas at a site, such as steep slopes and water-sensitive areas
including riparian buffers, wetlands, and floodplains without sacrificing
the level of development.
Clustering reduces the amount of required infrastructure and various
development-related costs. Clustering lends itself to residential
development, with greatest potential in municipalities where large-lot
residential development is typical. Clustering can reduce total impervious
area and total disturbed areas at development sites, thereby reducing
stormwater peak rates of runoff, reducing total volume of runoff, and
reducing nonpoint source pollutant loads.

Key Design Features




Design inventory
Map sensitive areas
Reduce total site disturbance
and develop cluster plan
 Increase undisturbed open
space

Benefits


Reduces required
infrastructure
 Increases open space
 Protects environmentally
sensitive natural resources

Limitations


Aerial view of cluster development in Ann Arbor, MI
Source: Atwell Hicks
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Site specific based on land
topography and individual
conditions

Applications

Stormwater Quantity Functions

Residential

Yes

Volume

High

Commercial

Yes*

Groundwater
Recharge

High

Ultra Urban

Limited

Peak Rate

High

Industrial

Limited

Retrofit

No

TSS – Total
Suspended Solids

High

Highway/Road

No

TP – Total Phosphorus

High

High

Limited

TN or NO3 – Total
Nitrogen/Nitrate
Temperature

High

Recreational

Stormwater Quality Functions

* Depending upon site size, constraints, and other factors

Additional Considerations
Cost

Low

Maintenance

Low/Med

Winter Performance
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High

Designer/Review Checklist for Cluster Development
ITEM

YES

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

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

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

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

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

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

Compare disturbed area/developed area of “yield plan”
with clustered plan?
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NO

N/A

NOTES

BMP Fact Sheet
Key Design Features

Minimize Soil Compaction



Minimizing soil compaction is the practice of protecting existing soil
quality during the development process. This BMP is separate from soil
enhancement.

Reduce disturbance through
design and construction
practices
 Limit areas of heavy equipment
 Avoid extensive and
unnecessary clearing and
stockpiling of topsoil
 Use top quality topsoil;
maintain topsoil quality during
construction

Benefits



Increases infiltration capacity
Provides healthy environment
for vegetation
 Preserves low areas, which
offer added benefit when runoff
is directed there from
impervious areas

Limitations


Difficult to implement on small
development sites.

Minimizing disturbance of soil to protect wooded area. Source: City of Andover, Minnesota

Applications

Stormwater Quantity Functions

Residential

Yes

Volume

Med/High

Commercial

Yes

Groundwater Recharge

Med/High

Ultra Urban

Limited

Peak Rate

Low/Med

Industrial

Yes

Retrofit

Limited

TSS – Total Suspended Solids

Med/High

Highway/Road

Limited

TP – Total Phosphorus

Med/High

TN or NO3 – Total Nitrogen/Nitrate

Low

Temperature

Med/High

Recreational

Stormwater Quality Functions

Yes
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Additional Considerations
Cost

Low/Med

Maintenance

Low

Winter Performance

Low/Med

Designer/Reviewer Checklist for Minimizing Soil Compaction

ITEM

YES

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

Have no disturbance areas been fenced/flagged in field?

Have minimal disturbance areas been defined on plans?

Have construction traffic areas been defined on plans?

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

Are soil stockpiling and storage areas defined on plan?

Have proper topsoil quality and placement specifications
been committed in the plans?
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NO

N/A

NOTES

BMP Fact Sheet

Minimize Total Disturbed Area
Key Design Features
A key component of LID is to reduce the impacts during development
activities such as site grading, removal of existing vegetation, and soil
mantle disturbance. This can be achieved through developing a plan to
contain disturbed areas.









Identify and avoid special
value and environmentally
sensitive areas (See Protect
Sensitive Areas BMP)
Maximize undisturbed open
space
Minimize disturbance lot-by-lot
Maximize soil restoration and
restore soil permeability
Minimize and control
construction traffic areas
Minimize and control
construction stockpiling and
storage areas

Benefits






Reduced runoff volume
Reduced peak rates
High water quality benefits
Increased infiltration capacity
Provides healthy environment
for vegetation

Limitations
Minimizing disturbance to existing trees during residential construction
Source: Insite Design Studio, Inc.
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Difficult to achieve on small
development sites.

Applications

Stormwater Quantity Functions

Residential

Yes

Volume

High

Commercial

Yes

Groundwater
Recharge

High

Ultra Urban

Limited

Peak Rate

High

Industrial

Yes

Retrofit

Limited

TSS – Total
Suspended Solids

High

Highway/Road

Limited

TP – Total Phosphorus

High

High

Yes

TN or NO3 – Total
Nitrogen/Nitrate
Temperature

High

Recreational

Stormwater Quality Functions

Additional Considerations
Cost

Low

Maintenance

Low

Winter Performance

High
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Fact Designer/Reviewer Checklist for Minimize Total Disturbed Area
ITEM

YES

Do municipal requirements for open space and related
resource protection exist? Applied here?
Have related BMPs (Protect Sensitive Areas, Natural Flow
Pathways, Riparian Buffers, Clustering) been applied?

Has Potential Development Area been defined?

Have infrastructure connections/constraints been
analyzed?
On site, have roads been aligned to fit topography, to
parallel contours and minimize cut/fill?
On areas previously cleared? With terracing?
Compatible with natural flow pathways?
On lots, have buildings been located to reduce
disturbance?
On lots, have maximum disturbance radii been
established and applied? Reword – clarify?

No disturbance areas shall be clearly delineated on
construction plans and flagged/fenced in field.
Have no disturbance zones been assessed qualitatively for
invasive management needs?
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NO

N/A

NOTES

BMP Sheet
Variations



Protect Natural Flow Pathways
A main component of LID is to identify, protect, and use natural drainage
features, such as swales, depressions, and watercourses to help protect
water quality. Designers can use natural drainage features to reduce or
eliminate the need for structural drainage systems.

Check dams to slow velocity
Earthern berms for additional
storage
 Additional native vegetation
for increased infiltration (refer
to Native Revegetation BMP
Fact Sheet)

Key Design Features








Identifies and maps natural
drainage features (e.g.,
swales, channels, ephemeral
streams, depressions, etc.)
Uses natural drainage
features to guide site design
Distributes non-erosive
surface flow to natural
drainage features
Keeps non-erosive channel
flow within drainage pathways
Uses native vegetative
buffers.

Benefits


Maximizes natural
hydrological functions
 Reduces structural
management practices
 Reduces management costs

Natural flow pathway in residential development

Applications

Stormwater Quantity Functions
Limitations

Residential

Yes

Volume

Low/Med

Commercial

Yes

Groundwater
Recharge

Low

Ultra Urban

No

Peak Rate

Med/High

Industrial

Yes

Stormwater Quality Functions
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Minimal water quality benefits

Retrofit
Highway/Road

Recreational

TSS – Total
Suspended Solids

Low/Med

Yes

TP – Total Phosphorus

Low/Med
Low

Yes

TN or NO3 – Total
Nitrogen/Nitrate
Temperature

Low

Yes

Source: Brandywine Conservancy,
Environmental Management Center,
1998

Additional Considerations
Cost

Low

Maintenance

Low/Med

Winter Performance

Low/Med

Designer/Reviewer Checklist for Minimize Total Disturbed Area
ITEM

YES

Identify in plan all natural flow pathways before
proposed development?
Identify in plan natural flow pathways protected postdevelopment?
Highlight in plan natural flow pathways which are
integrated into stormwater management?
Have measures been taken to guarantee that natural
pathways won’t be negatively impacted by stormwater
flows?
Have credits been calculated for natural flow pathways
being protected?
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Protect Riparian Buffer Areas
Key Design Features
Riparian buffer areas are important elements of local communities’ green
infrastructure and/or LID tool box. These areas are critical to the
biological, chemical, and physical integrity of our waterways. Riparian
buffer areas protect water quality by cooling water, stabilizing banks,
mitigating flow rates, and providing for pollution and sediment removal
by filtering overland sheet runoff before it enters the water. The
Environmental Protection Agency defines buffer areas as, “areas of
planted or preserved vegetation between developed land and surface
water, *which+ area effective at reducing sediment and nutrient loads.”
A detailed description of the characteristics of riparian buffer areas is
combined with a discussion of their stormwater functions in the
restoration BMP.




Physical protection
Protection through planning
tools

Benefits





Improves water quality
Reduces runoff velocities
Reduces flow
Enhances site aesthetics,
habitat
 Reduces shoreline and bank
erosion
 Improves flood control
 Reduces water temperature

Limitations


Limited in reducing total runoff
volumes
 Size of lot and/or
development site may reduce
ability to protect riparian
buffers

Maintaining a riparian buffer
Source: JFNew
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Applications

Stormwater Quantity Functions

Residential

Yes

Volume

Low/Med

Commercial

Yes

Groundwater
Recharge

Low/Med

Ultra Urban

Limited

Peak Rate

Low/Med

Industrial

Yes

Retrofit

Yes

TSS – Total
Suspended Solids

High

Highway/Road

Limited

TP – Total Phosphorus

High

Medium

Yes

TN or NO3 – Total
Nitrogen/Nitrate
Temperature

High

Recreational

Stormwater Quality Functions

Additional Considerations
Cost

Low/Med

Maintenance

Low

Winter Performance

High
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Designer/Reviewer Checklist for Protecting Riparian Buffer Areas

ITEM

YES

Define municipal programs requirements or resources for
riparian buffer protection, if any

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

Map riparian resources at the site which need buffer
protection

Apply Zone1/Zone2/Zone3 (see full BMP fact sheet from
MI LID Manual…..) determinations; adjust for steep
slopes and/or other natural/made factors.

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

Provide for Riparian Buffer Zone maintenance?

Provide for Riparian Buffer Zone protection in perpetuity
(deed restrictions? covenants? easements?)?
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Protect Sensitive Areas
Protecting sensitive and special value features is the process of identifying
and avoiding certain natural features during development. This allows
these features to be used for various benefits, including reducing
stormwater runoff.
Protecting sensitive areas can be implemented both at the site level and
throughout the community. For prioritization purposes, natural resources
and their functions may be weighted according to their functional value.
Sensitive areas should be preserved in their natural state to the greatest
extent possible and are not the appropriate place to locate stormwater
infrastructure.

Key Design Features



Identify and map the following:
floodplains, riparian areas,
wetlands, woodlands, prairies,
natural flow pathways, steep
slopes, and other sensitive
areas.
 Identify and map potential
development areas

Benefits



Improved water quality
Mitigation of runoff volume
and peak rates

Limitations



Protection of existing native woodlands and wetlands, Kalamazoo, MI
Source: Fishbeck, Thompson, Carr & Huber, Inc.
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Difficult to implement on
smaller sites

Applications

Stormwater Quantity Functions

Residential

Yes

Volume

High

Commercial

Yes

Groundwater
Recharge

High

Ultra Urban

Limited

Peak Rate

High

Industrial

Yes

Retrofit

No

TSS – Total
Suspended Solids

High

Highway/Road

Limited

TP – Total Phosphorus

High

Low

Yes

TN or NO3 – Total
Nitrogen/Nitrate
Temperature

High

Recreational

Stormwater Quality Functions

Additional Considerations
Cost

Low/Med

Maintenance

Low/Med

Winter Performance
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High

Designer/Reviewer Checklist for Protect Sensitive Areas

ITEM

YES

Define sensitive resources at proposed development site
(see Key Design Features for list of sensitive resources)

Map sensitive resources at proposed development site

Prioritize/weight sensitive areas, as necessary and
appropriate

Develop potential development area map, or
comparable, defined as converse/negative of sensitive
areas, with priorities/weightings as necessary and
appropriate.

Determine baseline development plan, compatible with
municipal ordinance.

Iteratively fit baseline development plan to potential
development area, minimizing sensitive area
encroachment?

Is this BMP process required by municipality? Yes or no,
has applicant followed these steps, or comparable?
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Key Design Features
Streets


Reduce Impervious Surfaces

Reducing impervious surfaces includes minimizing areas such as streets,
parking lots, and driveways. By reducing the amount of paved surfaces,
stormwater runoff is decreased while infiltration and evapotranspiration
opportunities are increased.

Evaluate traffic volumes and
street parking requirements
 Consult with local fire
department and road agencies
 If available, consider a private
road ordinance as necessary to
minimize width
 Minimize pavement widths and
lengths by using alternative
roadway layouts, restricting onstreet parking, minimizing culde-sac radii, and using
permeable pavers

Parking lots


Evaluate parking requirements
considering average demand
as well as peak demand
 Consider smaller parking stalls
and/or compact parking spaces
 Analyze parking lot layout to
evaluate the applicability of
narrowed traffic lanes and
slanted parking stalls
 If appropriate, minimize
impervious parking area by
using overflow parking areas
constructed of pervious paving
materials

Lot level

Residential cul-de-sac with vegetation



Use maximum lot coverage
requirements to manage the
amount of impervious surfaces
 Reduce front yard setbacks to
allow for shorter driveways
 Use alternative materials for
patios, sidewalks, driveways, as
appropriate

Benefits


Directly reduces runoff volumes
and peak rates
 Reduces development and
maintenance costs
 Enhances aesthetics and
habitat
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Limitations


Must comply with local private
road ordinances

Applications

Stormwater Quantity Functions

Residential

Yes

Volume

High

Commercial

Yes

Groundwater
Recharge

High

Ultra Urban

Limited

Peak Rate

High

Industrial

Yes

Retrofit

Limited

TSS – Total
Suspended Solids

Medium

Highway/Road

Yes

TP – Total Phosphorus

Low

Low

Yes

TN or NO3 – Total
Nitrogen/Nitrate
Temperature

Medium

Recreational

Stormwater Quality Functions

Additional Considerations
Cost

Low

Maintenance

Low

Winter Performance

High
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Designer/Reviewer Checklist for Reducing Impervious Surfaces

ITEM

YES

Check municipal ordinances for
requirements/specifications for roads, drives, parking,
walkways, other (problems vs. opportunities?), including
safety requirements

Have both macro (e.g., clustering) and micro site planning
(e.g., reduced setbacks) activities been applied fully?

Have LID impervious reduction standards for roads,
drives, parking, and other impervious areas been
consulted and applied?

Have roads and drives been reduced or narrowed as
much as possible?

Have macro parking ratios, lot layout, sharing strategies,
and micro strategies (sizes/dimensions) been applied
fully?

Have pervious surfaces been applied for roads, drives,
walks, parking, patios, and other hard surfaces, with
maintenance been provided?
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Variations






Stormwater Disconnection



Minimize stormwater volume by disconnecting roof leaders, impervious
roads, and driveways and direct runoff to other BMPs including vegetated
areas that infiltrate at the site.



Rooftop disconnection
Driveway/walkway/small
parking areas/patio
disconnection
Minor roads
Distribute to existing vegetated
services
Distribute to existing
depressions, re-graded areas
Distribute via curb cuts/curb
removal

Key Design Features check
with credit section – or just
reference credit section








Encourages shallow sheet
flow through vegetated areas,
Directs flows into stabilized
vegetated areas, including onlot swales and bioretention
areas,
Limits the contributing rooftop
area to a maximum of 500 sq.
ft. per downspout,
Maximizes overland flows, and
Minimizes use of curb and
gutter systems and piped
drainage systems.

Site Factors – check credit
sections – or reference

Roofleader directed toward bioretention






Water table to bedrock depth =
two-foot minimum
Soils = A, B
Slope = max. 5 percent
Potential hotspots = No
Max. drainage area = rooftop
area of 1,000 sq. ft.

Benefits


Reduces runoff volume and
peak rate
 Increases water quality
benefits

Limitations
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Requires area for infiltration

Applications

Stormwater Quantity Functions

Residential

Yes

Volume

High

Commercial

Yes

Groundwater
Recharge

High

Ultra Urban

Limited

Peak Rate

High

Industrial

Limited

Retrofit

Limited

TSS – Total
Suspended Solids

High

Highway/Road

Limited

TP – Total Phosphorus

High

Low/Med

Yes

TN or NO3 – Total
Nitrogen/Nitrate
Temperature

High

Recreational

Stormwater Quality Functions

Additional Considerations
Cost

Low

Maintenance

Low

Winter Performance

Low
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Designer/Reviewer Checklist for Protect Sensitive Areas

ITEM

YES

Are site factors conducive to disconnection (infiltrationrelated factors? slope? other?)

Is proposed development type (e.g., residential,
commercial) conductive to disconnection? Free of hot
spots?

Are there any municipal ordinance provisions,
obstacles, and opportunities for disconnection?

Have potential disconnection runoff sources been
adequately reviewed/utilized in terms of proposed
plan?

Have Criteria and Credits specifications for both rooftop
and non-rooftop sources of disconnection been
satisfied?

Have disconnection calculation credits been properly
entered, as specified in Criteria and Credits?
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Variations

Bioretention (Rain Gardens)



Bioretention areas (often called rain gardens) are shallow surface
depressions planted with specifically selected native vegetation to capture
and treat stormwater runoff from rooftops, streets, and parking lots.

Key Design Features

Subsurface storage/infiltration
bed
 Use of underdrain
 Use of impervious liner




Flexible in size and infiltration
Ponding depths 6-18 inches
for drawdown within 48 hours
 Native or appropriate plants
 Amend soil as needed
 Provide positive overflow for
extreme storm events

Site Factors









Formal Rain Garden, Traverse City, MI

Water table/bedrock
separation: two-foot minimum,
four foot recommended
Soils: HSG A and B
preferred; C & D may require
an under-drain (see Infiltration
BMP)
Feasibility on steeper slopes:
Medium
Potential Hotspots: Yes with
pretreatment and/or
impervious liner
Max. drainage area: 5:1, not
more than 1 acre to one area

Benefits


Volume control and
groundwater recharge,
moderate peak rate control,
filtration
 Versatile with broad
applicability
 Enhance site aesthetics,
habitat
 Potential air quality and
climate benefits
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Limitations


Higher maintenance until
vegetation is established
 Limited impervious drainage

Designer/Reviewer Checklist for Bioretention

ITEM

YES

Was Soil infiltration Testing Protocol Followed?*
Appropriate areas of the site evaluated?
Infiltration Rates measured?
Were biorention design guidelines followed?
Minimum 2-foot separation between the bed
bottom and bedrock/SHWT?
Soil permeability acceptable?
If not, appropriate underdrain provided?
Natural, uncompacted soils?
Level infiltration area (bed bottom)?
Excavation in rain garden areas minimized?
Hotspots/pretreatment considered?
Loading ratio below 5:1 ?
Ponding depth limited to 18 inches?
Drawdown time less than 48 hours?
Positive overflow from system?
Erosion and Sedimentation control?
Feasible construction process and sequence?
Flow velocities non-erosive or erosion control devices?
Acceptable planting soil specified?
Appropriate native plants selected?
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Maintenance accounted for and plan provided?
Review of treatment volume?
Review of calculations?
*Explanation – not really intended for residential use (individual lots)

Applications

Stormwater Quantity Functions

Residential

Limited*

Volume

Med/High

Commercial

Yes

Groundwater
Recharge

Med/High

Ultra Urban

Limited

Peak Rate

Medium

Industrial

Yes

Retrofit

Yes

TSS – Total
Suspended Solids

High

Highway/Road

Yes

TP – Total Phosphorus

Medium

Medium

Yes

TN or NO3 – Total
Nitrogen/Nitrate
Temperature

High

Recreational

Stormwater Quality Functions

Additional Consideration
Cost

Medium

Maintenance

Medium

Winter Performance

Medium
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Variations
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Rain barrels
Cisterns, both underground
and above ground
 Tanks
 Storage beneath a surface
(using manufactured products)

Capture Reuse
Structures designed to intercept and store runoff from rooftops allow for
its reuse, reducing volume and overall water quality impairment.
Stormwater is contained in the structures and typically reused for
irrigation or other water needs.

Key Design Features


Small storm events are
captured with most structures
 Provide overflow for large
storm events
 Discharge water before next
storm event
 Consider site topography,
placing structure up-gradient
in order to eliminate pumping
needs

Site Factors





Cistern at Fairlane Green shopping center, Allen Park, MI



Water table to bedrock depth –
N/A (although must be
considered for subsurface
systems)
Soils – N/A
Slope – N/A
Potential hotspots – Yes with
treatment
Max. drainage area – N/A

Benefits
Applications

Stormwater Quantity Functions

Residential

Limited*

Volume

High/Low*

Commercial

Yes

Groundwater
Recharge

Low

Ultra Urban

Yes

Peak Rate

Low*

Industrial

Yes

Retrofit

Yes

Stormwater Quality Functions
TSS – Total
Suspended Solids
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Medium



Provides supplemental water
supply
 Wide applicability
 Reduces potable water use
 Related cost savings and
environmental benefits

Limitations


Manages only relatively small
storm events which requires
additional management and
use for the stored water.

Highway/Road

Recreational

No

TP – Total Phosphorus

Medium

Medium

Yes

TN or NO3 – Total
Nitrogen/Nitrate
Temperature

Medium

Additional Consideration
Cost


Rain Barrel



Cistern



Manufactured product

Low
Medium
Varies

Maintenance

Medium

Winter Performance

Medium
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Designer/Reviewer Checklist for Capture Reuse

ITEM

YES

Capture area defined and calculations performed?
Pretreatment provided to prevent debris/sediment from
entering storage system?
Water use identified and calculations performed?
If the use is seasonal, has off-season operation been
considered?
Draw-down time considered?
Is storage system located optimally for the use?
Is pump required?
If so, has an adequate pump system been developed?
Acceptable overflow provided?
Winter operation (protection from freezing) considered?
Observation/clean-out port provided?
Maintenance accounted for and plan provided?
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Variations

Constructed Filter

Constructed filters are structures or excavated areas containing a layer of
sand, compost, organic materials, peat, or other media that reduces
pollutant levels in stormwater runoff by filtering sediments, metals,
hydrocarbons, and other pollutants. Constructed filters are suitable for
sites without sufficient surface area available for bioretention.










Key Design Features












Installation of a sand filter
Source: Rouge River National Wet Weather Demonstration Project

Surface non-vegetated
Vegetated
Infiltration
Contained
Linear perimeter
Small subsurface
Large subsurface
Manufactured filtration
systems

Depth of filtering medium 1830”
Surface ponding should drain
down within 72 hours (3-6”
ponding depth)
May be designed to infiltrate
May require pretreatment for
debris and sediment
Some systems require
sufficient head (2-6 feet)
Flow splitter or positive
overflow required to bypass
large storms
Requires minimum
permeability of filtration
medium
Underdrains may be needed if
infiltration is infeasible

Site Factors






Water table to bedrock depth –
N/A
Soils – N/A
Slope – N/A
Potential hotspots – Yes
Max. drainage area – 5 acres

Benefits


Good water quality
performance
 Lots of variations for a variety
of applications
 Can be used effectively as
pretreatment for other BMPs
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Limitations




Limited water quantity benefits
Relatively high cost
High maintenance needs

Applications

Stormwater Quantity Functions

Residential

Limited*

Volume

Low/High*

Commercial

Yes

Groundwater Recharge

Low/High*

Ultra Urban

Yes

Peak Rate

Low/High*

Industrial

Yes

Retrofit

Yes

TSS – Total Suspended
Solids

High**

Highway/Road

Yes

TP – Total Phosphorus

Medium**

Medium**

Yes

TN or NO3 – Total
Nitrogen/Nitrate
Temperature

Low

Recreational

*

Stormwater Quality Functions

Function is low without infiltration and increases when infiltration is provided

** Sand filters only (For manufactured systems, see manufacturer’s information,
as well as results from independent verification.)

Additional Considerations
Cost

Med/High

Maintenance

High

Winter Performance
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Medium

Designer/Review Checklist for Constructed Filter

ITEM

YES

Adequate depth of filter media?
Acceptable drawdown time (72 hour max.)?
Pretreatment provided?
Adequate hydraulic head available for filter to operate?
Flow bypass and/or overflow provided?
Permeability of filter media acceptable?
Underdrain provided for non infiltration systems?
Appropriate placement of nonwoven filter fabric?
Gravel layer provided beneath filter media?
Non-erosive inflow condition?
Adequate surface area provided?
Construction timing places installation after site
stabilization?
Erosion control provided during construction?
Cleanouts included?
Maintenance accounted for and plan provided?
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Variations

Detention Basins
Detention basins are temporary stormwater storage
structures that help prevent downstream flooding.
The primary purpose of detention basins is the
attenuation of stormwater runoff peaks.







Dry ponds
Wet ponds
Underground detention
Constructed wetlands
Bioretention

Key Design Features









Detention basin with a no mow buffer in West Bloomfield Township, MI
Source: Hubbell, Roth, & Clark

Storage capacity highly dependent on
available site area
Outlet structure configuration determines
peak rate reduction effectiveness
Can be used in combination with other
BMPs
Regular maintenance of vegetation and
sediment removal required
Natural high groundwater table required
for wet ponds and constructed wetlands
Relatively impermeable soils or
impermeable liner
Forebay for sediment collection and
removal
Dewatering mechanism required for wet
ponds and constructed wetlands
Stabilized emergency overflow and
energy dissipation at all outlets

Applications
Residential
Yes
Commercial

Yes
Stormwater Quantity Functions

Ultra Urban

Yes

Industrial

Yes

Retrofit

Yes

Volume

Low

Groundwater
None or Low
Recharge
Highway/Road

Yes*

Recreational

Yes

*Not to be a hazard.
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Peak Rate

High

Stormwater Quality Functions
Type

TSS

TP

TN

Temperature

Dry Pond

Medium

Medium

Low

Low

Wet Pond

High

Medium

Medium

Low/Medium

Constructed Wetland

High

Medium

Medium

Low/Medium

Underground
Detention

N/A

N/A

N/A

N/A
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Designer/Reviewer Checklist for Dry Extended Detention Ponds

ITEM

YES

Used in conjunction with other BMPs for groundwater
recharge and/or water quality?
Adequate drainage area/water supply/groundwater table
to maintain permanent water surface?
Relatively impermeable soils and/or soil modification?
Stable inflow points provided?
Forebay and/or pretreatment provided for sediment
removal?
Adequate length to width ration?
Appropriate and varying water depths?
Acceptable side slopes?
Safety benches provided?
Properly designed outlet structure?
Dewatering mechanism provided?
Trash rack provided to prevent clogging?
Stable emergency overflow and outflow points?
Adequate soils for plantings?
Appropriate plants selected in and around pond?
25-foot buffer provided?
Erosion and sedimentation control considered?
Maintenance accounted for and plan provided?
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Designer/Reviewer Checklist for Wet Detention Ponds

ITEM

YES

Used in conjunction with other BMPs for water quality
and groundwater recharge?
Stable inflow points provided?
Forebay and/or pretreatment provided for sediment
removal?
Adequate length to width ration?
Total Depth limited?
Acceptable side slopes?
Properly designed outlet structure?
Trash rack provided to prevent clogging?
Stable emergency overflow and outflow points?
Drawdown time less than 72 hours?
Soil compaction minimized?
Appropriate plants selected?
Erosion and sediment control considered?
Maintenance accounted for and plan provided?
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Designer/Reviewer Checklist for Constructed Wetlands
ITEM

YES

Used in conjunction with other BMPs for groundwater
recharge and/or water quality?
Adequate drainage area/water supply/groundwater table
to maintain permanent water surface?
Relatively impermeable soils and/or soil modification?
Hydrologic calculations (e.g., water balance) performed?
Stable inflow points provided?
Forebay and/or pretreatment provided for sediment
removal?
Adequate length to width ration?
Appropriate and varying water depths for diverse
vegetation?
Sudden water level fluctuations minimized to reduce stress
on vegetation?
Acceptable side slopes?
Safety benches provided?
Properly designed outlet structure?
Adjustable permanent pool and dewatering mechanism
provided?
Trash rack provided to prevent clogging?
Stable emergency overflow and outflow points?
Adequate soils for plantings?
Appropriate plants selected in and around wetland?
25-foot buffer provided?
Erosion and sedimentation control considered?
Maintenance accounted for and plan provided?
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Infiltration Practices

Infiltration Trench, City of Grayling, MI. Source: Huron PInes

Variations


Dry wells, also referred to as seepage pits, French drains or Dutch drains, are a subsurface storage facility
(structural chambers or excavated pits, backfilled with a coarse stone aggregate) that temporarily store and
infiltrate stormwater runoff from rooftop structures. Due to their size, dry wells are typically designed to
handle stormwater runoff from smaller drainage areas, less than one acre in size.



Infiltration basins are shallow surface impoundments that temporarily store, capture, and infiltrate runoff
over a period of several days on a level and uncompacted surface. Infiltration basins are typically used for
drainage areas of 5 to 50 acres with land slopes that are less than 20 percent.



Infiltration berms use a site’s topography to manage stormwater and prevent erosion. Berms may
function independently or may be incorporated into the design of other controls such as Bioretention and
Constructed Wetlands. Berms may also serve various stormwater drainage functions including: creating a
barrier to flow, retaining flow for volume control, and directing flows. See also Constructed Filters.



Infiltration trenches are linear subsurface infiltration structures typically composed of a stone trench
wrapped with geotextile which is designed for both stormwater infiltration and conveyance in drainage
areas less than five acres in size.



Subsurface infiltration beds generally consist of a rock storage (or alternative) bed below other surfaces
such as parking lots, lawns and playfields for temporary storage and infiltration of stormwater runoff with a
maximum drainage area of 10 acres.



Bioretention can be an infiltration practice and is discussed in the Bioretention BMP.



Level spreaders can be an infiltration practice and is discussed in the Level Spreader BMP.
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Key Design Features





Depth to water table or bedrock
Pretreatment is often needed to prevent clogging
Often requires level infiltration surface
Proximity to buildings, drinking water supplies, karst
features, and other sensitive areas
 Soil types
 Provide positive overflow in most uses

Site Factors



Maximum Site Slope: 20 percent
Minimum depth to seasonally high water table:
Two feet
 Potential Hotspots: Yes, with pretreatment and/or
impervious liner
 NRCS Soil type: A, B, C* D*
 C & D soils have limited infiltration ability and may
require an underdrain.

Benefits





Infiltration BMP

Max.













Berming
Dry Well
Infiltration Basin
Infiltration Trench
Subsurface Infiltration Bed

5 acres
1 acre
10 acres
2 acres
5 acres

Reduces volume of stormwater runoff
Reduces peak rate runoff
Increases groundwater recharge
Provides thermal benefits

Limitations



Pretreatment requirements
to prevent
clogging
Residential
Commercial
Not recommended for areas with steep slopes

Ultra
Urban

Industria
l

Retrofit

Highway/
Road

Recreational

Dry Well

Yes

Yes

Yes

Limited

Yes

No

No

Infiltration basin

Yes

Yes

Limited

Yes

Yes

Yes

No

Infiltration berm

Yes

Yes

Limited

Yes

Yes

Yes

No

Infiltration
trench

Yes

Yes

Yes

Yes

Yes

Yes

No

Subsurface
infiltration bed

Yes

Yes

Yes

Yes

Yes

Limited

No
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Applications

Volume

Groundwater Recharge

Peak Rate

Medium

High

Medium

Infiltration basin

High

High

High

Infiltration berm

Low/Medium

Low/Medium

Medium

Medium

High

Low/Medium

High

High

High

Dry Well

Infiltration
trench
Subsurface
infiltration bed

Stormwater Quality Functions
TSS

TP

N03

Temperature

Dry Well

High

High/Medium

Medium/Low

High

Infiltration basin

High

Medium/High

Medium

High

Infiltration berm

Medium/High

Medium

TN-Medium

Medium

Infiltration
trench

High

High/Medium

Medium/Low

High

Subsurface
infiltration bed

High

Medium/High

Low

High
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Designer/Reviewer Checklist for Infiltration Berms
ITEM

YES

Was the Soil Infiltration Testing Protocol followed?
Appropriate areas of the site evaluated?
Infiltration rates measured?
Was the Infiltration BMP followed?
Two-foot separation from bedrock/SHWT?
Soil permeability acceptable?
Natural, uncompacted soils?
Excavation in berm areas minimized?
Loading ratio considered?
Drawdown time less than 72 hours?
Erosion and Sedimentation control?
Feasibility construction process and sequence?
Entering flow velocities non-erosive?
Berm height 6 to 24 inches?
Berm designed for stability (temporary and permanent)?
Acceptable berm side slopes?
Are berm materials resistant to erosion?
Located level, along contour?
Acceptable soil for plants specified?
Appropriate plants selected?
Access?
Maintenance accounted for and plan provided?
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Designer/Reviewer Checklist for Infiltration Trenches, Infiltration Basins, Dry Wells, and Subsurface
Infiltration Beds
ITEM

YES

Was the Soil Infiltration Testing Protocol followed?
Appropriate areas of the site evaluated?
Infiltration rates measured?
Was the Infiltration BMP followed?
Two-foot separation from the bed bottom and
bedrock/SHWT?
Soil permeability acceptable?
If not, appropriate underdrain provided?
Adequate separations from wells, structures, etc.?
Natural, uncompacted soils?
Level infiltration area (e.g. trench bottom, bed bottom)?
Excavation in infiltration area minimized?
Hotspots/pretreatment considered?
Loading ratio below 5:1?
Storage depth limited to two feet?
Drawdown time less than 72 hours?
Positive overflow from system?
Erosion and Sedimentation control?
Feasibility construction process and sequence?
Geotextile specified?
Pretreatment provided?
Clean, washed, open-graded aggregate specified?
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Stable inflows provided (infiltration basin)?
Appropriate perforated pipe, if applicable?
Appropriate plants selected, if applicable?
Observation well/clean out provided, if applicable?
Access?
Maintenance accounted for and plan provided?
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Variations


Inflow



Outflow

Level Spreaders

Level spreaders promote infiltration and improve water quality by evenly
distributing flows over a stabilized, vegetated surface. This allows for
better infiltration and treatment. There are several different types of
level spreaders. Examples include concrete sills, stone-lined dispersal
channels, and level perforated pipes.

Key Design Features


Ultimate outlet from structural
BMPs
 Roof downspout connections
(roof area> 500sf)
 Inlet connections (impervious
area> 500sf)
 Inflow to structural BMP, such
as filter strip, infiltration basin,
vegetated swale

Site Factors







Water table to bedrock depth
– N/A
Soils – Permeability not
critical but should be
considered for erodibility
Slope – 1-8 percent max
Potential hotspots – Yes
Max. drainage area – Varies
(five acres max.)

Benefits




Low Cost
Wide applicability
Ability to work with other
BMPs in a treatment train
 Avoids concentrated
discharges and their
associated potential erosion

LaVista Storm Drain Project Level Spreader
Source: City of Battle Creek

Limitations
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Low stormwater benefits by
itself
 Careful design and
construction required to
function properly

Applications

Stormwater Quantity Functions

Residential

Yes

Volume

Low*

Commercial

Yes

Groundwater
Recharge

Low*

Ultra Urban

No

Peak Rate

Low*

Industrial

Yes

Retrofit

Yes

TSS – Total
Suspended Solids

Low

Highway/Road

Yes

TP – Total Phosphorus

Low

Low

Yes

TN or NO3 – Total
Nitrogen/Nitrate
Temperature

Low

Recreational

Stormwater Quality Functions

Additional Considerations
Cost

Low

Maintenance

Low

Winter Performance

High
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Designer/Reviewer Checklist for Level Spreaders

ITEM

YES

Avoidance of stormwater concentration as much as
practical?
Soil erodibility considered?
Slope considered and appropriate?
Receiving vegetation considered?
Located in undisturbed virgin soil?
If not, will soil be properly compacted and stabilized?
Acceptable minimum flow path length below level
spreader?
Level spreader length calculations performed?
Erosion control matting, compost blankets, etc. provided?
Appropriate vegetation selected for stabilization?
Feasible construction process and sequence?
Erosion and sedimentation control provided to protect
spreader?
Maintenance accounted for and plan provided?
Soils stable or vegetation established before flows are
directed to the level spreader?
If used during construction, are accumulated soils
removed?
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Variations

Native Revegetation
Native revegetation includes the restoration of forest savanna (scattered
trees among prairie plants), and/or prairie. Revegetation should primarily
use native vegetation due to the numerous benefits, including reduced
maintenance needs.








Prairie
No-mow lawn area
Woodland
Constructed wetlands
Buffer areas
Replacement lawn areas

Key Design Features


Minimize traditional turf lawn
area
 Develop landscape plan
using native materials,
determining the most
appropriate
 Protect areas during
construction
 Use integrated pest
management (IPM)
approach

Site Factors






Water table to bedrock depth
– N/A
Soils – Vegetation should
match soil types
Slope – applicable on most
slopes (up to 1H:1V)
Potential hotspots – No
Max. drainage area –
Optimal is five times (max.
20 times) the revegetated
area

Additional Considerations
Benefits
Cost

Low/Med


Maintenance
Winter Performance

Low
Medium

Low long-term maintenance
needs
 Improves water quality
 Reduces volume

Limitations
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Establishment period
requires more intensive
maintenance, such as
weeding and watering

Potential Applications

Stormwater Quantity Functions

Residential

Yes

Volume

Low/Med/High

Commercial

Yes

Groundwater
Recharge

Low/Med/High

Ultra Urban

Limited

Peak Rate

Low/Med

Industrial

Yes

Retrofit

Yes

TSS

High

Highway/Road

Limited

TP – Total
Phosphorus

High

TN or NO3 – Total
Nitrogen/Nitrate

Med/High

Temperature

Med

Recreational

Yes

Stormwater Quality Functions
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Designer/Reviewer Checklist for Native Revegetation

ITEM

YES

Avoidance of stormwater concentration as much as
practical?
Soil erodibility considered?
Slope considered and appropriate?
Existing and surrounding vegetation assessed, including
desirable, sensitive, and non-native species?
Site mapped?
Does the design meet all stakeholder objectives,
including stormwater, habitat, aesthetics, and
timeframe for establishment?
Does the soil require amendment?
Erosion control matting, compost blankets, etc. provided
as needed?
Feasible construction process and sequence?
Short and long-term maintenance accounted for and
plan provided? – Conservation easement?
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Pervious Pavement With Infiltration
Pervious pavement is an infiltration technique that combines stormwater
infiltration, storage, and structural pavement consisting of a permeable
surface underlain by a storage reservoir. Pervious pavement is well suited
for parking lots, walking paths, sidewalks, playgrounds, plazas, tennis
courts, and other similar uses.






Porous asphalt
Pervious concrete
Permeable paver blocks
Reinforced turf/gravel

Key Design Features







Follow soil infiltration testing
protocol (Appendix E) and
infiltration BMP guidelines
Do not infiltrate on compacted
soil
Level storage bed bottoms
Provide positive stormwater
overflow from bed
Surface permeability>20”/hr

Site Factors


Water table to bedrock depth
– two-foot min*.
 Feasibility on steeper slopes Low
 Potential hotspots – Not
without design of pretreatment
system

Benefits


Volume control and
groundwater recharge,
moderate peak rate control
 Dual use for pavement
structure and stormwater
management

Pervious pavement with infiltration schematic

Limitations


Pervious pavement not
suitable for all uses
 High maintenance needs
 Local Road Agency
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Applications

Stormwater Quantity Functions

Residential

Yes**

Volume

High

Commercial

Yes

Groundwater
Recharge

High

Ultra Urban

Yes

Peak Rate

Med/High

Industrial

Yes**

Retrofit

Yes**

TSS – Total
Suspended Solids

High***

Highway/Road

Limited

TP – Total
Phosphorus

Med/High

TN or NO3 – Total
Nitrogen/Nitrate

Medium

Temperature

High

Recreational

Stormwater Quality Functions

Yes

* Four feet recommended, if possible
** Applicable with special design considerations.
*** Pretreatment for TSS is recommended

Additional Considerations
Cost

Medium

Maintenance

High

Winter Performance
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Medium

Designer/Reviewer Checklist for Pervious Pavement with Infiltration Bed

ITEM

YES

Appropriate application of pervious pavement (e.g., use,
traffic loading, slopes)?
Was the Soil Infiltration Testing Protocol followed?
Appropriate areas of the site evaluated?
Infiltration rates measured?
Was the Infiltration BMP followed?
Two-foot minimum separation between the bed bottom
and bedrock/SHWT?
Soil permeability acceptable?
If not, appropriate underdrain provided?
Adequate separations from wells, structures, etc.?
Natural, uncompacted soils?
Level infiltration area (bed bottom)?
Excavation in pervious pavement areas minimized?
Hotspots/pretreatment considered?
Loading ratio below 5:1?
Storage depth limited to two feet?
Drawdown time less than 48 hours?
Positive overflow from system?
Erosion and Sedimentation control?
Feasibility construction process and sequence?
Geotextile specified?
Clean, washed, open-graded aggregate specified?
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Properly designed/specified pervious pavement surface?
Maintenance accounted for and plan provided?
Signage provided?

Type of pervious pavement(s) proposed: _____________________________________

Source of mix design or material source: ______________________________________
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Variations

Planter boxes receive runoff from multiple impervious surfaces, which is
used for irrigation of the vegetation in the planter box preventing
stormwater from directly draining into nearby sewers. They also play an
important role in urban areas by minimizing stormwater runoff, reducing
water pollution, and creating a greener and healthier appearance of the
built environment by providing space for plants and trees near buildings
and along streets. There are three main types of planter boxes which can
be used on sidewalks, plazas, rooftops, and other impervious areas:
contained, infiltration, and flow-through.





Contained
Infiltration
Flow-through

Key Design Features








May be designed as
pretreatment
May be designed to infiltrate
Captures runoff to drain out
in three to four hours after a
storm event
Receives less than 15,000
square feet of impervious
area runoff
Planters should be made of
stone, concrete, brick, or
decay resistant
wood/manufactured
composite

Benefits


Enhances the area where
they are placed
 Potential air quality and
climate benefits
 Can be used in a wide range
of areas, including ultraurban

Bioretention in planter box along Michigan Avenue, Lansing, MI
Source: Tetra Tech, Inc.

Limitations


Limited stormwater
quantity/quality benefits
 Relatively high cost due to
structural components
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Potential Applications

Stormwater Quantity Functions

Residential

Yes

Volume

Low/Med

Commercial

Yes

Groundwater
Recharge

Low/Med

Ultra Urban

Yes

Peak Rate

Low

Industrial

Limited

Retrofit

Yes

TSS – Total
Suspended Solids

Medium

Highway/Road

No

TP – Total
Phosphorus

Medium

TN or NO3 – Total
Nitrogen/Nitrate

Low/Med

Temperature

Low/Med

Recreational

Yes

Stormwater Quality Functions

Additional Considerations
Cost

High

Maintenance

Medium

Winter Performance

Medium
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Designer/Reviewer Checklist for Planter Boxes

ITEM

YES

For infiltration planters, was Soil Testing Infiltration
Protocol (Appendix E) followed?*
Appropriate areas of the site evaluated?
Infiltration rates measured?
For infiltration planters, was the Infiltration BMP
followed?*
Two-foot minimum separation between the bed bottom
and bedrock/seasonally high water table?
Soil permeability acceptable?
If not, appropriate underdrain provided?
Natural, uncompacted soils?
Excavation in pervious pavement areas minimized?
Drawdown time less than 48 hours?
Erosion and Sedimentation control?
Adequately stable inflow point(s)?
Positive overflow from system?
Waterproofing provided, as necessary?
Acceptable soil/growing medium specified?
Gravel layer specified properly?
Underdrain positioned and sized?
Appropriate native plants selected?
Feasible construction process and sequence?
Maintenance accounted for and plan provided?
Standard calculations from vendor?
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Key Design Features
Riparian buffers consist of three
distinct zones:

Riparian Buffer Restoration
A riparian buffer is the area of land that exists between low, aquatic areas
such as rivers, streams, lakes, and wetlands, and higher, dry upland areas
such as forests, farms, cities, and suburbs. Unaltered riparian buffers may
exist as various types of floodplain forest or wetland ecosystems. The
Michigan Natural Features Inventory (MNFI) has identified multiple types
of distinct natural communities which may occur in Michigan’s riparian
areas, such as southern floodplain forest, southern wet meadow,
emergent marsh, and hardwood conifer swamp.



Zone 1: Streamside zone
extends a minimum May be
designed to infiltrate



Zone 2: Middle zone extends
immediately from the outer
edge of Zone 1 for a minimum
distance of 55 feet.



Zone 3: Outer zone extends
a minimum of 20 feet
immediately from outer edge
of Zone 2.

Site Factors


Water table to bedrock depth:
N/A




Soils: Match vegetation to
soils to maximize long-term
viability of plantings
 Slope: N/A
 Potential hotspots: No
 Max. drainage area: 5-20
times the buffer area.
Suburban riparian buffer – Edward Drain, West Bloomfield, MI
Source: JFNew

Potential Applications

Benefits

Stormwater Quantity Functions

Residential

Yes

Volume

Low/Med

Commercial

Yes

Groundwater
Recharge

Low/Med

Ultra Urban

Yes

Peak Rate

Low/Med

Industrial

Yes

Stormwater Quality Functions
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Water quality
Ecological and aesthetic
value
 Low cost

Limitations


Reduced volume and peak
rate control

Retrofit
Highway/Road

Recreational

TSS – Total
Suspended Solids

Med/High

Limite
d

TP – Total
Phosphorus

Med/High

Yes

TN or NO3 – Total
Nitrogen/Nitrate

Med/High

Temperature

Med/High

Yes

Additional Considerations
Cost

Low/Med

Maintenance

Low

Winter Performance

High

Designer/Reviewer Checklist for Riparian Buffer Restoration

ITEM

YES

Avoidance of stormwater concentration as much as
practical?
Appropriate buffer widths designed?
Soil erodibility considered?
Slope considered and appropriate?
Appropriate vegetation selected based on soils, hydrology,
and eco-region?
Appropriate vegetation selected based on budget and
aesthetics?
Appropriate plant spacing designed?
Appropriate balance of woody to herbaceous species?
Seasonality of planting/construction considered?
Erosion and sedimentation control provided?
Maintenance accounted for and plan provided?
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Soil Restoration

Key Design Features

Soil is a key ingredient in effective stormwater and water quality
management, making proper care of soils a key component of low impact
development. Soil restoration is a technique used to enhance and restore
soils by physical treatment and/or mixture with additives – such as
compost – in areas where soil has been compacted. Soil media
restoration increases the water retention capacity of soil, reduces erosion,
improves soil structure, immobilizes and degrades pollutants (depending
on soil media makeup), supplies nutrients to plants, and provides organic
matter. Soil restoration is also used to reestablish the soil’s long term
capacity for infiltration and to enhance the vitality of the soil as it hosts all
manner of microbes and plant root systems in complex, symbiotic
relationships.



Follow nonstructural BMP to
minimize soil compaction



Evaluate existing soil
conditions using methods
referenced in Soil Infiltration
Testing Protocol (Appendix
E) before creating a soil
restoration strategy



Soil media used in
restoration is either organic
or inorganic (man-made) and
is mixed into existing soil

Benefits




Widely applicable
Relatively low cost
Additional benefits such as
improved plant health and
reduced erosion.

Limitations


The soil in the detention basic pictured above was amended with compost.
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Relatively limited stormwater
benefits on a unit area basis

Applications

Stormwater Quantity Functions

Residential

Yes

Volume

Medium

Commercial

Yes

Groundwater
Recharge

Low

Ultra Urban

Yes

Peak Rate

Medium

Industrial

Yes

Retrofit

Limited

TSS – Total
Suspended Solids

High*

Highway/Road

Yes

TP – Total
Phosphorus

High*

TN or NO3 – Total
Nitrogen/Nitrate

Medium

Temperature

Medium

Recreational

Stormwater Quality Functions

Yes

Newly amended soils are susceptible to erosion and release of TSS and phosphorus until stabilized with mulch,
erosion blanket, sod, or some other covering.

Type of soil amendment(s) proposed: ________________________________________________________

Amount of amendment(s) to be used: ________________________________________________________

Additional Considerations
Cost

Medium

Maintenance

Low

Winter Performance

High
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Designer/Reviewer Checklist for Soil Restoration

ITEM

YES

Appropriate soil amendment(s) for the site conditions?
Adequate amount of amendment materials?
Bulk density/degree of compaction considered?
Appropriate decompaction techniques and equipment?
Appropriate construction sequencing?
Sensitive areas (e.g., near existing trees, shallow utilities,
and steep slopes) accounted for?
Appropriate vegetation selected?
Seasonality of planting/construction considered?
Erosion and sedimentation control provided?
Maintenance accounted for and plan provided?
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Variations



Turf grasses
Prairie grasses, shrubs, and
groundcover vegetation,
including trees
 Indigenous woods and
dense vegetation Key
Design Features

Vegetated Filter Strip

Key Design Features
A vegetated filter strip is a permanent, maintained strip of vegetation
designed to slow runoff velocities and filter out sediment and other
pollutants from urban stormwater. Filter strips require the presence of
sheet flow across the strip, which can be achieved through the use of level
spreaders. Frequently, filter strips are designed where runoff is directed
from a parking lot into a stone trench, a grass strip, and a longer naturally
vegetative strip.



Use with level spreaders to
promote sheet flow across
strips
 Longitudinal slope from 1-6
percent
 Maintain dense vegetation
 See Appendix for
recommended filter strip
native vegetation

Site Factors








Water table to bedrock depth
– N/A
Soils – N/A for permeability
Slope – 2-5 percent
preferred (1-10 percent if
soils/vegetation allow)
Potential hotspots – Yes with
special design
considerations
Max. drainage area – 100
feet impervious or 150 feet
pervious upgradient

Benefits
Vegetated Filter Strip along roadway




Low cost
Good water quality
performance
 Aesthetic and habitat benefit

Source: Wayne County Department of Environment

Limitations
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Generally should be coupled
with other BMPs for
comprehensive stormwater
management

Applications

Stormwater Quantity Functions

Residential

Yes

Volume

Low

Commercial

Yes

Groundwater
Recharge

Low

Ultra Urban

Limited*

Peak Rate

Low

Industrial

Limited*

Stormwater Quality Functions
* According to site characteristics

Retrofit

Yes

TSS – Total
Suspended Solids

Med/High

Highway/Road

Yes

TP – Total
Phosphorus

Med/High

TN or NO3 – Total
Nitrogen/Nitrate

Med/High

Temperature

Med/High

Recreational

Yes

Additional Considerations
Cost

Low
Low/Medium

Maintenance

Varies dependent on type of
vegetation

Winter Performance
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High

Designer/Reviewer Checklist for Vegetated Filter Strips
Soil type and HSG category: _______________________________________________________

ITEM

YES

Sheet flow provided?
Recommended slope ranges followed?
Appropriate length for soil, vegetation and slope?
Slope of drainage area below five percent?
If not, is energy dissipation provided?
Length/area of incoming drainage appropriately limited?
Receiving vegetation considered?
Located in undisturbed virgin soil?
If not, will soil be properly compacted and stabilized?
Appropriate vegetation selected for stabilization?
Feasible construction process and sequence?
Soil compaction avoided or mitigated?
Erosion and sedimentation control provided to protect
filter strip during construction?
Maintenance accounted for and plan provided?
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Vegetated Roof

Vegetated roofs, or green roofs, are conventional rooftops that include a
thin covering of vegetation allowing the roof to function more like a
vegetated surface. The overall thickness of the vegetated roof may range
from 2 to 6 inches, typically containing multiple layers consisting of
waterproofing, synthetic insulation, non-soil engineered growth media,
fabrics, synthetic components, and foliage.

Intensive
Semi-intensive
Extensive

Key Design Features



Extensive roofs are most
commonly used for rainfall
runoff mitigation
 Roofs with pitches steeper
than 2:12 (9.5 degrees) must
incorporate supplemental
measures

Benefits







Good stormwater volume
control
Heating and cooling energy
benefits
Increased lifespan of roof
Heat island reduction
Enhance habitat value

Limitations

Green roof with sedum at Lawrence Technological University’s Taubman Student Services Center
Source: Lawrence Technological University
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Cost (intensive systems)
Careful design and
construction required
 Maintenance requirements
until plants established
 Can’t store or treat
stormwater from other parts
of the property

Applications

Stormwater Quantity Functions

Residential

Limited

Volume

Med/High

Commercial

Yes

Groundwater
Recharge

Low*

Ultra Urban

Yes

Peak Rate

Medium

Industrial

Yes

Retrofit

Yes

TSS – Total
Suspended Solids

Medium

Highway/Road

N/A

TP – Total
Phosphorus

Medium

TN or NO3 – Total
Nitrogen/Nitrate

Medium

Temperature

High

Recreational

Stormwater Quality Functions

Yes

* Although vegetated roofs can be used
very successfully in combination with
infiltration systems.

Additional Considerations
Cost

High

Maintenance

Medium

Winter Performance

Medium
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Designer/Reviewer Checklist for Vegetated Roofs

ITEM

YES

NO

Load and structural capacity analyzed?
Waterproofing layer and protection adequate?
Leak protection system provided?
Internal drainage capacity for large storms?
Appropriate growing medium?
Appropriate drainage media and/or layer?
Geotextile/filter fabric specified?
Good detailing (flashings, penetrations, drains, gravel
edges, etc.)?
Slope stability provided, if necessary?
Appropriate vegetation selected?
Plant establishment (temporary irrigation/fertilization)
procedures provided?
Erosion control/wind protection provided?
Maintenance accounted for and plan provided?

Type of vegetated roof(s) proposed:

_________________________________________________________
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Vegetated swale with infiltration
trench
 Linear wetland swale
 Grass Swale

Vegetated Swale

Key Design Features

A vegetated swale (or bioswale) is a shallow stormwater channel that is
densely planted with a variety of grasses, shrubs, and/or trees designed to
slow, filter, and infiltrate stormwater runoff. Check dams can be used to
improve performance and maximize infiltration, especially in steeper
areas.









Handles the 10-year storm
event with some freeboard
Two-year storm flows do not
cause erosion
Maximum size is five acres
Bottom width of two to eight
feet
Side slopes from 3:1 (H:V) to
5:1
Longitudinal slope from one to
six percent
Check dams can provide
additional storage and
infiltration

Site Factors
Water table to bedrock depth –
two-foot minimum. *
 Soils – A, B preferred; C & D
may require an underdrain (see
infiltration BMP)
 Slope – one to six percent. (<
one percent can be used w/
infiltration)
 Maximum drainage area is five
acres


Benefits
Vegetated swale at the Pokagonek Edawat Housing Development in Dowagiac, MI
Source: Pokagon Band of Potawatomi Indians



Can replace curb and gutter for
site drainage and provide
significant cost savings
 Water quality
 Peak and volume control with
infiltration

Limitations


Limited application in areas
where space is a concern
 Unless designed for infiltration,
there is limited peak and
volume control
 Cannot be used near potential
hotspots
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Applications

Stormwater Quantity Functions

Residential

Yes

Volume

Low/Med

Commercial

Yes

Groundwater
Recharge

Low/Med

Ultra Urban

Limited

Peak Rate

Low/Med

Industrial

Yes

Retrofit

Limited

TSS – Total
Suspended Solids

Med/High

Highway/Road

Yes

TP – Total
Phosphorus

Low/High

TN or NO3 – Total
Nitrogen/Nitrate

Medium

Temperature

Medium

Recreational

Stormwater Quality Functions

Yes

Additional Considerations
Cost

Low/Med

Maintenance

Low/Med

Winter Performance

Medium
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Designer/Reviewer Checklist for Vegetated Swale

ITEM

YES

NO

N/A

NOTES

Can the swale safely (with freeboard) convey the 10-year
event?
Are bottom slopes between one percent and six
percent?
Are check dams provided for slopes > 3%?
Are check dams adequately keyed into swale bottom and
sides?
Are two-year and ten-year flows non-erosive?
Will the swale completely drain in 48 hours?
Are side slopes between 3:1 and 5:1 H:V?
Are swale soils loam, loamy sand or sandy loam?
Underdrain provided for infiltration swales?
Vegetation and Mannings coefficient selected?
Non-erosive inflow condition(s)?
Erosion control provided during construction?
Maintenance accounted for and plan provided?

Type of vegetated swale proposed: _________________________________________________
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Water Quality Devices

Various proprietary, commercially available BMPs have been designed to
remove non-point source pollutants from the conveyance system for
storm-water runoff. These structural BMPs vary in size and function, but
all utilize some form of filtration, settling, or hydrodynamic separation to
remove particulate pollutants from overland or piped flow. The devices
are generally configured to remove pollutants including coarse sediment,
oil and grease, litter, and debris. Some filtration devices employ
additional absorbent/adsorbent material for removal of toxic pollutants.
Pollutants attached to sediment such as phosphorus, nitrates, and metals
may be removed from stormwater by effective filtration or settling of
suspended solids. Regular maintenance is critical for the continued
proper functioning of water quality devices.

Filtration
Settling
Hydrodynamic separation

Key Design Features


Located below ground, as
part of the stormwater
conveyance system
 Devices may be internal to
the conveyance system
 Devices may be installed in
an offline configuration, so
that a certain flow will be
treated while allowing a
surcharge flow to bypass
the treatment.

Benefits
Can be used in a variety of
applications including
retrofitting existing
stormwater systems

Limitations


Virtually no water quantity
benefits
 Potentially high costs
 Typically require frequent
maintenance

Filtration insert with debris in St. Clair Shores, MI
Source: Environmental Consulting & Technology, Inc.
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Applications

Stormwater Quantity Functions

Residential

Yes

Volume

None

Commercial

Yes

Groundwater
Recharge

None

Ultra Urban

Yes

Peak Rate

None

Industrial

Yes

Retrofit

Yes

TSS – Total
Suspended Solids

Varies

Highway/Road

Yes

TP – Total
Phosphorus

Varies

TN or NO3 – Total
Nitrogen/Nitrate

Varies

Temperature

None

Recreational

Stormwater Quality Functions

Yes

Additional Considerations
Cost

Varies
Varies, but no less than two
inspections and cleanings per year

Maintenance
Winter Performance
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High

Designer/Reviewer Checklist for Water Quality Devices

ITEM

YES

If system if off-line, adequate flow diversion system?
If system in on-line, adequate bypass/overflow that
minimizes release of captured pollutants?
Adequate hydraulic head available for device to operate?
Properly sized for drainage area, flow, pollutant capture?
Has device been independently verified for adequate
pollutant removal for appropriate particle sizes
(especially if it is the primary water quality BMP?)
Manufacturer’s recommendations followed?
Details provided for device and connections?
Erosion control provided, if necessary?
Easy access/visibility for maintenance?
Maintenance accounted for and a detailed plan provided
(including the amount sediment/debris accumulation
that triggers the need for cleaning)?
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HYDROLOGIC AND HYDRAULIC MODELS
This section if the Manual discusses design method considerations for calculating level of control and
treatment required to protect hydrology and quality in the receiving stream, drain or river.
Appropriately determining runoff alteration provides the basis for selecting a compliment of BMPs to
serve a given site. Detailed design criteria for each BMP are provided under the separate BMP section.
At a minimum, required control and treatment are intended to maintain the predevelopment hydrology
as relates to groundwater recharge, stream channel stability, and flooding, while preventing degradation
of water quality from pristine sites and ideally reducing degradation from those sites that have been
previously altered.
The user of this Manual is referred to the Appendix E of the Act 40 Drain Manual for detailed design
criteria for Eaton County.
Predevelopment describes the condition that exists at a site at the time a proposal for development or
redevelopment is submitted. Maintaining existing hydrologic conditions is required for all sites 1 acre or
more in size. Additional restrictions may be required when there is no definitive storm water receiving
body. In instances where less than 1 acre of site disturbance will occur there is no requirement to
restrict runoff volume to the predevelopment condition. However, water quality treatment and flood
protection must be addressed. Additional restrictions may be required when there is no definitive
storm water receiving body. A site meeting the criteria may be subject to runoff restrictions equal to
presettlement conditions. The term presettlement refers to conditions expected to exist in the time
period before significant human change to the landscape occurred. For calculation purposes, the land
will be considered either wooded or meadow in good condition based on predominate soil
classifications of the site.
Much of the information in this section of the Manual is based on information found in Chapter 9 of the
Low Impact Development Manual for Michigan. However, a number of key distinctions have been
made, since some deviation from Low Impact Development (LID) concepts is allowable.

KEY DESIGN CRITERIA
In this Manual, consideration of site hydrology is based on three key elements: groundwater recharge;
stream channel protection; and flood control. A fourth (but equally important consideration) is water
quality protection, such that an appropriate level of treatment is provided to negate any increase in
pollution due to a change in site hydrology.
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Groundwater Recharge
According to U.S. Geological Survey, less than 10 percent of annual precipitation results in direct runoff
to watersheds in Michigan under natural (presettlement) conditions. Of the remaining percent, more
than half is taken up by vegetation and transpired or evaporated with the remainder infiltrating where it
becomes a source of moisture for local wetlands, lakes, springs and seeps, and for surface streams as
base flow. Some enters the deeper aquifers that supply drinking water wells. The percent of
groundwater used to replenish any of the water resources listed varies by location but in most areas,
recharge is a vitally important element of the water cycle.
Design criteria for groundwater recharge: The accepted approach for recharge is to implement a
volume control criteria and select BMPs that maximize the opportunity for infiltration BMPs up to the
control volume.
Stream Channel Protection
Stream channels develop their shape in response to the volume and rate of runoff received from a
defined watershed. In a hydrologically stable watershed, the stream flow responsible for most of the
shaping of a channel (called “bankfull flow”) occurs every one to two years. When land is developed,
the volume and rate of runoff typically increases and the stream channel adapts by changing its physical
shape. As the stream channel labors to reach stability, excess erosion occurs. Therefore to meet
channel protection criteria, post construction runoff volume and rate must be held to the established
(predevelopment) condition for all runoff events up to the bankfull flow.
Design criteria for channel protection: There can be no increase in the discharge of runoff volume from a
site above pre-developed runoff conditions for the two-year, 24-hour return frequency (or bankfull)
storm. The Runoff Curve Number Method for calculating runoff is the preferred method determining
the difference between the resulting site runoff volume for pre and post development conditions.
However other methods may be acceptable.
When use of traditional infiltration BMPs is impractical due to physical site limitations, including heavy
native soils, high ground water or potential ground water contamination, volume reduction can be
accomplished through the application of BMPs that provide significant interception and
evapotransporation such as vegetated roofs and bioretention, and through capture and reuse strategies.
Special consideration may be given if it is clearly demonstrated that the required volume control cannot
be achieved without severe financial hardship. All means of controlling volume on site must be
exhausted before consideration will be given for an Offset (see Section II of this Manual). All approved
offset BMPs shall be located within the same watershed and, unless deemed otherwise by the Drain
Commissioner, within the same subwatershed. Capacity of existing county or intercounty drains will be
a consideration.
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Where the full 2 year/24 hour standard for water quantity cannot be accomplished on site, and where
an offset has been ruled out, infiltration practices must be incorporated to control peak discharges to
the maximum extent possible. Artificial infiltration beds with underdrains are an example of a
mitigating BMP that might be applicable in this situation.
If an exception is sought, it will be up to the developer to demonstrate why standard treatment
applications cannot be used on a site, how the site will continue to meet water quality treatment
requirements (no exceptions), and the impact on the receiving waters for failure to meet bankfull
requirements. The decision of the Drain Commissioner will be final.
Flood Control
The basis for requiring flood control measures is protection of health, safety and property. Out of bank
flows do and will always occur without regional flood control. However, maintaining existing hydrology
effectively limits any significant increase in the frequency and intensity of flooding as a watershed
undergoes development. Flood control requirements are enforced at two levels in the state of Michigan
depending on size of the contributing watershed. For small watersheds (less than 2 square miles) flood
protection criteria is left to local agencies. Most enclosed county and intercounty drain fall in this
category. In larger watersheds, which also include many open county drains, where the catchment area
is 2 square miles or more, state mandated flood protection criteria must be met. FEMA flood insurance
program elevations must be preserved.
All discharges directly to an outlet stream or river in a large watershed must be approved by DEQ. Many
tributaries to those larger streams are county drains so a discharge to one of the smaller tributaries
requires approval by the Drain Commissioner. The focus of this Manual is on local flood protection with
the expectation that these will also be generally met for regional watersheds when state requirements
are satisfied.
The stated goal of local flood control is to mitigate for changes that result from changing land uses.
Efforts employed for Stream Channel Protection are generally sufficient for precipitation events up to
the 2-year/24 hour. Flood protection requires planning for runoff events that exceed the bankfull
threshold. When planning for flood protection, two key elements must be addressed:
 the effective conveyance capacity of the outlet channel or enclosed drain, and
 available storage volume to contain flows in excess of channel or pipe capacity.

Design criteria for flood control: A planner must first determine volume of runoff for a developed site
condition corresponding to the 100 -year, 24-hour storm event. From this the volume that is captured
and managed in various BMPs on the site may be subtracted. Additionally, the volume that is effectively
routed as a discharge from the site during the actual storm event may also be subtracted with
appropriate consideration for the timing of inflow/outflow routing. The Runoff Curve Number Method
is the preferred method for determining differences on confined sites between pre- and postdevelopment. The NRCS Unit Hydrograph Method may be employed depending on site complexity or
when credit for outlet routing is sought.
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Additional key requirements for flood assurance protection are:
 Include 1 foot of freeboard between design flood storage elevation and any nearby structures or
facilities that could suffer lasting damage if inundated with storm water, and
 provide a means for emergency overflow with minimal damage from the containment site with
a corresponding overflow pathway to a down gradient receiving body.

Water quality protection
Given increased potential for adding potentially harmful pollutants to the runoff stream during a
disturbance and, depending on use, after a site has been completed, water quality measures must be
integrated into the site plan. An 80 percent reduction in post-development particulate-associated
pollutant load must be achieved (typically TSS). It is worth noting that water quality volume is usually
less than the channel protection volume. As a consequence, the two can often be integrated into a
single treatment facility (a retention basin with a treatment forebay for example).
Managing the first one inch of runoff from the site
The water quality treatment standard is 1 inch of runoff, measured over an entire development site, and
that must be contained for 24 hours. A development site is measured by considering the sum total of all
pervious and impervious surfaces that contribute runoff to the specified stormwater outlet. To calculate
water quality volume, multiply size of the site (sq ft) by 1 and divide by 12. The answer is the cubic feet
of storage volume required. BMPs must be implemented in a configuration that results in effective
treatment for the required site volume.
Managing 90th percentile runoff from a site
Only when a developer has demonstrated that it is not possible to meet WQV using the first inch of
rainfall will the Drain Commissioner consider an alternative. The 90th percentile alternative determines
water quality volume by calculating the runoff generated from the 10 percent exceedence rain event for
the catchment area. Based on the statewide analysis conducted by the Hydrologic Studies Unit of the
DEQ and summarized in a department memorandum dated March 24, 2006, the accepted value for
Eaton County is 0.91 inch (corresponds to the value for East Lansing). The required water quality
storage volume is calculated by multiplying size of the entire catchment area (sq ft) by 0.91 and dividing
by 12. BMPs must be included that address this storage volume.
Additional Design Criteria
Potentially one of the most cost effective ways to manage stormwater runoff is to carefully select those
areas of the site to be disturbed and minimize time and extent of disturbance. Any portion of a site left
untouched does not increase stormwater runoff which reduces the amount of treatment necessary.
Where disturbance is necessary, stormwater credits may reduce the amount of a site needed for a
treatment BMP (see Part II of this Manual). Restoring an area back to pre-settlement condition (woods
or meadow) is another way to reduce the footprint of a treatment facility on a site.
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CALCULATING RUNOFF
Methodologies for runoff volume calculations:
The runoff curve number method for determining volume of runoff is the preferred method for confined
sites. Other methods may be employed when the land around a site has a considerable influence on
runoff at the point of discharge. means for calculating runoff volume. However, the small storm
hydrology method, and various infiltration models are considered valid alternatives that may be suitable
in certain instances, but will not be covered further here. Refer to the Act 40 Manual for further
technical assistance.
The Runoff Curve Number Method, sometimes referred to as TR55, is perhaps the most commonly used
tool for estimating runoff volumes. In this method, runoff is calculated using the following formula:
Qv = (P-Ia)^2/(P-Ia)+S
where:
Q = runoff volume (in.)
P = rainfall (in.)
Ia=initial abstraction (in.)
S=potential maximum retention after runoff begins (in.)

Initial abstraction (Ia) includes all losses before the start of surface runoff: depression storage,
interception, evaporation, and infiltration. SCS has found that Ia can be empirically approximated for
typical land uses by:
Ia =0.2S
Therefore, the runoff equation becomes:
Qv = (P-0.2S)^2 / (P-0.8S)
Finally, S is a function of the watershed soil and cover conditions as represented by the runoff curve
number (CN):
S = (1000/CN) -10

Therefore, runoff can be calculated using only the curve number and rainfall.
Curve numbers are determined by land cover type, hydrologic condition, antecedent runoff condition
(ARC), and hydrologic soil group (HSG). Curve numbers for various land covers based on an average ARC
for annual floods and Ia = 0.2S can be found in Urban Hydrology for Small Watersheds (Soil Conservation
Service, 1986).
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Hydrologic soil groups
All soil types fall into one of 4 hydrologic soil groups (A, B, C, or D). Some soils are mapped with a dual
specification such as A/D, B/D, etc. This refers to soils that are specified as D soils in an undrained state
and a specification with higher infiltration capacity when they are drained. The same hydrologic soil
group must be used to calculate both the predevelpment and the post-development runoff conditions.
Often a single, area-weighted curve number is used to represent a watershed consisting of subareas
with different curve numbers. This approach is acceptable only if the curve numbers are similar. When
curve numbers vary significantly, the use of a weighted curve actually reduces the estimated amount of
runoff from a watershed. This is especially problematic with pervious/impervious combinations.
Combining the two surface types using a single curve number could imply a significant initial loss that
may not actually occur (Soil Conservation Service, 1986). Therefore, the runoff from different subareas
should be calculated separately and then combined or weighted. At a minimum, runoff volume from
pervious and directly connected impervious areas should be estimated separately for storms less than
four inches. (NJDEP, 2004 and PADEP, 2006)

Table III.4. Hydrologic Soil Groups for Michigan Soils
NOTE: Two soil groups such as
D/B indicates the
undrained/drained condition

Hydrologic

Soil

Hydrologic

Soil

Hydrologic

Group

Series

Group

Series

Group

Soil
Series
Abbaya

B

Abscota

A

Adrian

Alcona

B

Algansee

B

Allendale

B

Allouez

B

Alpena

A

Alstad

C

Amasa

B

Angelica

D/B

Arkona

B

Arkport

B

Arnheim

D

Ashkum

D/B

Assinins

B

Au Gres

B

Aubarque

D/C

Aubbeenaubbee

B

Aurelius

D/B

Avoca

B

Bach

D/B

Badaxe

B

Banat

B

Barry

D/B

Battlefield

D/A

Beavertail

D

B

Belleville

D/B

Beechwood

C

Belding
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D/A

Benona

A

Bergland

D

Berville

Biscuit

D/B

Blount

D/B

Bixby

B

Bixler

C

C

Blue Lake

A

Bohemian

B

Bonduel

C

Bono

D

Boots

D/A

Borski

B

Bowers

C

Bowstring

D/A

Boyer

B

Brady

B

Branch

B

Brassar

C

Breckenridg
e

D/B

Brems

A

Brevort

D/B

Brimley

B

Bronson

B

Brookston

D/B

Bruce

D/B

Burleigh

D/A

Burt

D

Cassopolis

B

Cadmus

B

Capac

C

Carbondale

D/A

Carlisle

D/A

Cathro

D/A

Celina

C

Ceresco

B

Champion

B

Channahon

D

Channing

B

Charity

D

Charlevoix

B

Chatham

B

Cheboygan

B

Chelsea

A

Chesaning

B

Chestonia

D

Chippeny

D

Cohoctah

D/B

Coloma

A

Colonville

C

Colwood

D/B

Conover

C

Coral

C

Corunna

D/B

Coupee

B

Covert

A

Crosier

C

Croswell

A

Cunard

B

Cushing

B

Dawson

D/A

Deer Park

A

Deerton

A

Deford

D/A

Del Rey

C

Detour

B

Dighton

B

Dixboro

B

Dora

Dowagiac

B

Dresden

B

Dryburg
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D/B
B

Dryden

B

Duel

A

Dungridge

B

East Lake

A

Eastport

A

Edmore

D

Edwards

D/B

Eel

B

Eleva

B

Elmdale

B

Elston

B

Elvers

D/B

Emmet

B

Ensign

D

Ensley

D/B

D/B

Epworth

A

Ermatinger

D/B
D/A

Epoufette
Esau

A

Escanaba

A

Essexville

Evart

D

Fabius

B

Fairport

C

Fence

B

Fibre

Filion

D

Finch

C

Fox

B

Frankenmuth

C

Freda

D

Frenchette

B

Froberg

D

Fulton

D

Gaastra

C

Gagetown

B

Gay

D/B

Genesee

B

Gilchrist

A

Gilford

D/B

Gladwin

A

Glawe

Glendora

D/A

Glynwood

C

Gogebic

B

Gogomain

D/B

Goodman

B

Gorham

D/B

D/A

Grattan

A

D/B

D/B

Grace

B

Granby

Graveraet

B

Graycalm

A

Grayling

A

Grindstone

C

Grousehaven

D

Greenwood

D/A

Guardlake

A

Guelph

B

Gutport

D

Hagensville

C

Halfaday

A

Hatmaker

C

D/B

Hettinger

D/C

Hodenpyl

B

Houghton

D/A

Huntington

B

Ingalls

Henrietta

D/B

Hillsdale

B

Hoytville

D/C

Hessel
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B

Ingersoll

B

Ionia

B

Iosco

B

Isabella

B

Ishpeming

A

Ithaca

C

Jacobsville

D

Jeddo

D/C

Jesso

C

Johnswood

B

Kakkawlin

C

Kalamazoo

B

Kalkaska

A

Kallio

C

Karlin

A

Kawbawgam

C

Kendallville

B

Kent

D

Keowns

D/B

Kerston

D/A

Keweenaw

A

B

Kidder

B

Kilmanagh

C

Kingsville

D/A

Kinross

D/A

Kiva

A

Klacking

A

Kokomo

D/B

Koontz

D

Krakow

B

Lacota

D/B

Lamson

D/B

Landes

B

Lapeer

B

Latty

D

Leelanau

A

Lenawee

D/B

Leoni

B

Liminga

A

Linwood

D/A

Locke

B

Lode

B

London

C

Longrie

B

D/A

Lupton

D/A

Mackinac

B

A

Manistee

A

Kibbie

Loxley
Macomb

B

Mancelona

Manitowish

B

Markey

D/A

Marlette

B

Martinsville

B

Martisco

D/B

Matherton

B

D/A

McBride

B

Mecosta

A

Melita

A

Menagha

A

Menominee

A

Mervin

D/A

Metamora

B

Metea

B

Miami

B

Michigamme

C

Millsdale

D/B

Milton

C

Minoa

C

Minocqua

D/B

Minong

D

Misery

C

Mitiwanga

C

Maumee
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Moltke

B

Monico

C

Monitor

C

Montcalm

A

Moquah

B

Morley

C

Morocco

B

Mudsock

D/B

Munising

B

Munuscong

D/B

Mussey

D/B

Nadeau

B

Nahma

D/B

Napoleon

D/A

Nappanee

D

Nester

C

Net

C

Newaygo

B

Newton

D/A

Nottawa

B

Nunica

C

Oakville

A

Ockley

B

Oconto

B

Ocqueoc

A

Ogemaw

D/C

Okee

B

Oldman

C

Olentangy

D/A

Omega

A

Omena

B

Onaway

B

Onota

B

Ontonagon

D

Ormas

B

Oshtemo

B

Otisco

A

Ottokee

A

Owosso

B

Paavola

B

Padus

B

Palms

D/A

Parkhill

D/B

Paulding

D

Pelkie

A

Pella

D/B

Pemene

B

Pence

B

Pendleton

C

Pequaming

A

Perrin

B

Perrinton

C

Pert

D

Peshekee

D

Petticoat

B

Pewamo

D/C

Pickford

D

D/B

Pinnebog

D/A

Pipestone

B

Pinconning
Plainfield

A

Pleine

D

Ponozzo

C

Posen

B

Poseyville

C

Potagannissing

D

Poy

D

Proctor

B

Randolph

C

Rapson

B

Remus

B

Rensselaer

D/B

Richter

B

Riddles

B

Rifle

D/A
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Riggsville

C

Rimer

C

Riverdale

A

Rockbottom

B

Rockcut

B

Rodman

A

Ronan

D

Rondeau

D/A

Roscommon

Roselms

D

Rousseau

A

Rubicon

A

Rudyard

D

Ruse

D

Saganing

D/A

Sanilac

B

Saranac

D/C

Sarona

B

Satago

D

Saugatuck

C

Saylesville

C

Sayner

A

Scalley

B

Schoolcraft

B

Sebewa

D/B

Selfridge

B

Selkirk

C

Seward

B

Shebeon

C

Shelldrake

A

Shelter

B

Shiawassee

C

Shinrock

C

Shoals

C

Sickles

D/B

Sims

D

Sisson

B

Skanee

C

Sleeth

C

Sloan

D/B

Solona

C

Soo

Sparta

A

Spinks

A

Springlake

A

St. Clair

D

St. Ignace

D

Stambaugh

B

Steuben

B

Sturgeon

B

Sugar

B

Summerville

D

Sundell

B

Sunfield

B

Superior

D

Tacoosh

D/B

Tallula

B

Tamarack

B

Tappan

D/B

Tawas

D/A

Teasdale

B

Tedrow

B

Thetford

A

Thomas

D/B

Tobico

Toledo

D

Tonkey

D/B

Toogood
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Tekenink

D/A

D/C

B
D/A
A

Trenary

B

Trimountain

B

Tula

C

Tuscola

B

Tustin

B

Twining

C

Tyre

D/A

Ubly

B

Velvet

C

Vestaburg

D/A

Vilas

A

Volinia

B

Wakefield

B

Wainola

B

Waiska

B

Wallace

B

Wallkill

D/C

Warners

Wasepi

B

Washtenaw

D/C

Watton

Waucedah

D

Wauseon

D/B

Wautoma

Wega

B

Westbury

C

Whalan

B

Wheatley

D/A

Whitaker

C

Whitehall

B

Willette

D/A

Winneshiek

B

Winterfield

Wisner

D/B

Witbeck

Wolcott

D/B

D/C
C
D/B

D/A

D/B

Wixom

B

Woodbeck

B

Yalmer

B

B

Ziegenfuss

D

Ypsi

C

Zeba

Zilwaukee

D

Zimmerman

A

It must be noted that the Curve Number Method is less accurate for storms that generate less than 0.5
inch of runoff; the Soil Conservation Service (1986) recommends using another procedure such as the
Small Storm Hydrology Method (as described in Chapter 9 of the Low Impact Development Manual for
Michigan) as a check for these situations. Application of such alternate method may be considered
when specific site conditions warrant.
Methodologies for peak rate/hydrograph estimations
There are numerous methods for estimating peak rate, including the Rational Method, NRCS Unit
Hydrograph method, and the Modified Unit Hydrograph Method. The preferred method in Eaton
County shall be the NRCS (SCS) Unit Hydrograph method or the Modified Unit Hydrograph Method
when more appropriate and convenient. Eaton County also accepts the Rational Method for small,
highly impervious sites. Additional methods are discussed in Appendix I of the Act 40 Drain Manual. All
calculations must utilize the same methodology for pre and post site conditions.
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a) NRCS (SCS) Unit Hydrograph Method
In combination with the Curve Number Method for calculating runoff volume, the Soil Conservation
Service (now NRCS) also developed a system to estimate peak runoff rates and runoff hydrographs using
a dimension-less unit hydrograph (UH) derived from many natural unit hydrographs from diverse
watersheds throughout the country (NRCS Chapter 16, 1972). As discussed below, the SCS
methodologies are available in several public domain computer models including the TR-55 computer
model (WinTR-55, 2005), TR-20 Computer Program (WinTR-20, 2005), and is an option in the U.S. Army
Corps of Engineers’ Hydrologic Modeling System (HEC-HMS, 2006).

b) Modified Unit Hydrograph Method for Michigan
The Michigan Department of Environmental Quality (DEQ) has developed a modified unit hydrograph
method that better represents conditions in Michigan and addresses the fact that the traditional NRCS
UH “consistently overestimates discharges when compared to recorded gage flows for Michigan
streams.” (Computing Flood Discharges For Small Ungaged Watersheds, DEQ 2008, available online at
http://www.michigan.gov/documents/deq/lwm-scs_198408_7.pdf.
The result is a relatively simple equation for calculating the unit peak flow rate from the time of
concentration:
Qup = 238.6 x Tc-0.82
Where:
Qup= unit peak discharge (cfs per inch of runoff per square mile of drainage area)
Tc= time of concentration (hours) Note: Tc must be at least one hour. If Tc is less than one hour, use TR55 or HEC-HMS.
Time of concentration shall be considered the time it takes a drop of water to move from the furthest
point in the disturbed area to its discharge from the disturbed area. Time of concentration can be
affected by adjusting the length or roughness of natural flow paths and routing through BMPs. If time of
concentration is kept constant for the predevelopment and post development condition, the peak rate is
completely dependent on the volume of surface runoff and can be completely controlled by
implementing additional volume control.
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The unit peak discharge (cfs/in./mi2) calculated above can be converted to the peak runoff rate (cfs) by
multiplying by the drainage area in square miles and by the runoff in inches (calculated by using the
Runoff Curve Number Method):
Qp = Qup x A x Qv
Where:
Qp= peak runoff rate (cfs)
A = drainage area (square miles)
Qv= total runoff volume from CN method (in.)

The Modified UH Method for Michigan is recommended for calculating the peak rate of runoff for
presettlement conditions and undisturbed areas.
c) The Rational Method
The Rational Method has been used for over 100 years to estimate peak runoff rates from relatively
small, highly developed drainage areas. The peak runoff rate from a given drainage area is given by:
Qp = C x I x A
Where:
Qp= peak runoff rate (cubic feet per second, cfs)
C = the runoff coefficient of the area (assumed to dimensionless)
I = the average rainfall intensity (in./hr) for a storm with a duration equal to the time of concentration of
the area
A= the size of the drainage area (acres)

The runoff coefficient is usually assumed to be dimensionless because one acre-inch per hour is very
close to one cubic foot per second (1 ac-in./hr = 1.008 cfs). Although it is a simple and straightforward
method, estimating both the time of concentration and the runoff coefficient introduce considerable
uncertainty in the calculated peak runoff rate. In Eaton County, application of the Rational Method shall
be according to that specified in the Michigan Department of Transportation Drainage Manual (look for
it in the “Hydrology” chapter). In this case Tc = L / (60V). The acceptable types and ranges of Runoff
Coefficient values is however being expanded to those listed below. Due to its acknowledged limited
applicability, the Rational Method should only be used to predict the peak runoff rate for small (up to ~
5 acre), highly impervious areas.
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Computer Models for Calculating Runoff
Numerous models are available that assist in estimating runoff from a site. These include:
• HEC Hydrologic Modeling System (HEC-HMS)
• SCS/NRCS Models: WinTR-20 and WinTR-55
• Storm Water Management Model (SWMM)
• Source Loading and Management Model (SLAMM)

While any of these models are acknowledged as viable methods, and may be applied when appropriate
for given circumstances, the primary and preferred model to be utilized for determining requirements
are the SCS/NRCS models.

SCS/NRCS Models
WinTR-20 and WinTR-55 WinTR-20 model is a storm event surface water hydrologic model. It can be
used to analyze current watershed conditions as well as assess the impact of proposed changes
(alternates) made within the watershed. Direct runoff is computed from watershed land areas resulting
from synthetic or natural rain events. The runoff is routed through channels and/or impoundments to
the watershed outlet. TR-20 applies the methodologies found in the Hydrology section of the National
Engineering Handbook (NRCS, 1969-2001), specifically the runoff Curve Number Method and the
dimensionless unit hydrograph (SCS, 1992, Technical Release 55 TR-55), generates hydrographs from
urban and agricultural areas and routes them down-stream through channels and/or reservoirs. WinTR55 uses the TR-20 model for all of its hydrograph procedures (NRCS, 2002).

Other modeling programs are explained in Appendix E of the Act 40 Drain Manual.
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Precipitation Data for Application in Stormwater Calculations
Accurate rainfall frequency data are necessary to determine a reliable design. As such, Eaton County
accepts the Rainfall Frequency Atlas of the Midwest (Huff and Angel, 1992) as the most reliable, up to
date source of rainfall frequency data. This is available for free download at
www.sws.uiuc.edu/pubdoc/B/ISWSB-71.pdf. Eaton County is located in (Michigan) Zone 9.

Eaton County
Rainfall Frequencies: 24-hour duration (rainfall in inches)
Zone 9

1-year

2-year

5-year

10-year

25-year

2.03

2.42

2.98

3.43

4.09

255

50-year
4.63

100-year
5.20

DESIGN CALCULATIONS PROCESS
The design of a stormwater management system for a site requires consideration of all of the following:





a topographic map that shows all existing basic information about the site including locations of
buildings, public and private utilities, streets adjoining the site, existing off site drainage, the
proposed stormwater outlet, and the stormwater catchment area;
a visual inventory of features that impact existing hydrology, including internal drains and
locations of sensitive features;
soils and related curve numbers;
calculated (existing) runoff volume and rate of discharge to the receiving drain or stream.

With the above information, a site plan can be developed that must include:







areas that are to be protected during development of the site
a list of all measures that will be included to assure protection of sensitive areas, including
minimizing soil compaction, protecting existing trees, soil restoration, native revegetation, and
riparian buffer restoration;
new impervious areas
adjusted curve numbers reflecting proposed intensity of development
volume and rate of runoff from the site when fully developed.
locations of volume control measures, including the water quality volume which is calculate for
runoff from the entire site regardless of extent of development (see Credits in Part II of this
Manual).

The difference between pre-development and post-development runoff volume is the required
treatment volume for channel protection. The Drain Commissioner may impose additional restrictions
to address capacity issues in the receiving drain or stream.
With the information listed above, calculate the level of volume control needed for channel protection
and the peak rate control for runoff from the site using the NRCS Unit Hydrograph Method
(TR55/WinTR55 or other appropriate runoff model) for all storms up to the 100-year storm or as
specified by the Drain Commissioner. Route flow through all proposed BMPs to show reduction at point
of discharge from the site.
Determine the water quality volume and select appropriate BMPs. When the channel-forming volume is
controlled with BMPs that also remove expected pollutants, often no additional calculation or BMP
implementation is necessary. If the channel-forming volume is not controlled, calculate the water
quality volume that provides for the most reasonable amount of control of the volume carrying the most
pollutants. Make calculation using one inch of runoff from the developed portion of the site or the 90
percent annual non-exceedence runoff amount for select sites that meet the criteria explained under
Managing 90th percentile runoff from a site. In all instances the WQV must effectively remove at least
80 percent of solids.
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