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Preface

Welcome to the Minnesota Stormwater Manual.

This Manual was initiated by the Minnesota Stormwater Design Team, which evolved into the
Minnesota Stormwater Steering Committee (SSC). Manual production was directed by the SSC’s
Manual Sub-Committee (MSC). A listing of contributors and participants in the process appears

in the Acknowledgement section.

Throughout the production of the Manual, one singular goal was kept in mind —to produce a
useful product that helps the everyday user better manage stormwater. The purpose, goal (see box
below), vision and tenets of the original Stormwater Design Team are available at http://www.
pca.state.mn.us/publications/wg-strm8-01a.pdf. Although stormwater management to control the
pollution of receiving waters has been around in earnest for over 20 years in Minnesota, the
advent of many new programs means that guidance is needed more than ever. Such programs
as the NPDES (National Pollutant Discharge Elimination System) Phase | and Il program, the
TMDL (Total Maximum Daily Load) program, and strong runoff control programs at the local
and watershed levels have all contributed to the need for this information to be compiled in a

comprehensive, technically sound document.

The directive the Manual Sub-Committee received from the SSC was to produce a document
that could be used as a single source to guide
stormwater managers through the maze of
regulations, Best Management Practices
(BMP) designs, models/techniques and ter- To ensure a high quality of life, Minneso-
minology that constitute “good stormwater tans must manage stormwater in a way that
management.” It does not address the re- conserves, enhances and restores high-
quirements of other non-stormwater related | quality water in our rivers, lakes, streams,
regulatory programs that can have an effect | wetlands, and ground water.
on stormwater. Related to this was the charge
to produce a Manual that does not duplicate the many good sources of information already avail-

able.

Stormwater Steering Committee Vision:

Because Minnesota is fortunate enough to have had many additional tools created over the
years, the Manual will often forego detailed explanation of a particular element and send the
user directly to another resource via electronic linkage or cited reference. These linked resources
provide information that Minnesota stormwater managers can put to use in conjunction with this

Minnesota Stormwater Manual.

The Manual is intended to be flexible, easily updated and responsive to the needs of the Min-
nesota stormwater community.

The Stormwater Steering Committee members agreed to support this Manual and relay it to the
public. Although all members do not agree with all elements or concepts contained in the Manual,
they did support release of the Manual as a constructive tool for use by stormwater professionals,
regulators, plan reviewers, and the public. Concepts presented in this Manual are intended to be
flexible guidance for users rather than stringent rules. Each stormwater problem is different, so
solutions will need to be customized to address this variation. This Manual provides the tools, but
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the user must provide the ingenuity.

This Manual provides direction and guidance for stormwater management in Minnesota. The
Stormwater Steering Committee wants you, through your active use of and feedback on the
Manual, to help Minnesota reach our vision for stormwater management in Minnesota.

The Manual is intended as a guidance document. It will help users identify and appropriately
use the best practices to protect Minnesota’s water resources from adverse impacts associated
with stormwater runoff. Some practices in the Manual go beyond today’s requirements, and are
so identified. Others help to clarify how and when to use currently accepted practices to meet
water quality goals. The Manual looks beyond current practices and addresses special situations
such as protection of a trout stream or stormwater management in karst areas. Some practices
discussed are designed to address unique site conditions and may not be readily adaptable for
across-the-board applications.

The Manual does not establish new regulatory requirements and does not supersede existing
local, state or federal requirements. Because the Manual combines standard practices with in-
novative and site specific recommendations, it is strongly recommended that regulators use this
Manual only as supporting guidance and not wholly incorporate the Manual by reference in
regulatory requirements.

Feedback from users is needed to gauge the Manual’s use and to justify ongoing updates.
Case studies on the use and implementation of the Manual recommendations will be particularly
useful. Please submit comments and suggested updates based on new technologies, better infor-
mation, or new studies, to assist us in keeping the Manual accurate and relevant. Feedback on
the Manual can be submitted through the Manual Web-site at: http://www.pca.state.mn.us/water/
stormwater/stormwater-manual.html.

The Stormwater Steering Committee hopes you find the Manual to be an effective tool in
managing stormwater runoff in Minnesota.

- The Stormwater Steering Committee
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Introduction

“Land of 10,000 Lakes” does not capture the abundance of water and water-related resources in
the state of Minnesota. Not only is Minnesota the home of more than 10,000 lakes, but there are
also some 69,000 miles of rivers and streams, over nine million acres of wetlands, nearly 2,000
miles of trout streams, and ground water aquifers and surface water sources capable of producing
drinking water for about four million residents.

The headwaters of the Mississippi River are located in the state and we border the largest
freshwater lake in the world, Lake Superior. Protecting, restoring, and maintaining these natural
resources, although challenging, must be a priority for all Minnesotans. We all contribute to the
contamination that deteriorates our waterways, so it is everyone’s responsibility to minimize
these threats and keep our water clean. Protecting the waters of our state plays a huge role in
protecting the culture and heritage of our home.

Minnesota’s water and related environment is complex which can, in turn lead to very com-
plicated management systems. As thousands of acres of land are converted annually from rural
and open areas to urbanized communities, the impacts on stormwater runoff can become ex-
treme. With these changes to the surface of the land comes the responsibility of assuring that
surrounding waters are not adversely affected. As development escalates, so does runoff. With
urbanization, the natural infiltration of water into the ground is reduced. Larger runoff volumes,
quicker and higher runoff peaks, and increased erosion are a few of the results that lead to more
pollutants eventually making their way to the receiving waters. The challenge for all Minnesotans
is to control runoff rate and volume as well as the material that this water picks up on its way to
a receiving water.

This Manual explores a variety of management approaches designed to lesson the impacts of
development. Although other sources of runoff, such as agriculture and forestry can contribute to
water quality deterioration, this Manual focuses on urban sources related to development. Totally
eliminating land conversion is not a feasible option, so appropriate and innovative measures must
be taken to minimize the negative impact of development. The Manual explores an array of best
management practices (BMPs) that can be implemented to control sediment and reduce runoff
in a practical and flexible manner on the site. The term “integrated stormwater management”
encompasses all aspects of precipitation as it moves from the land surface to the receiving water.
The focus of this Manual is to guide users in such a way that all possible measures are taken to
ensure proper, responsible stormwater management.

There are many bodies of water in Minnesota that have already been impacted by various pol-
lutants and are in need of improvement. Any water that does not meet the water quality standards
established to protect it and deem it usable for its intended purpose is classified by the Minnesota
Pollution Control Agency (MPCA) as an “Impaired Water.”

The 2004 Minnesota (303d) list of impaired waters contains 1,890 impairments for 1,115 water
bodies, many of which are impaired for more than one pollutant. This number is an increase from
the 2002 list, and it is anticipated that there will be another increase observed when the April
2006 list is published. This is the result of better data collection that allows for more assessment
of where actual impairments are occurring.
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There are no proposals for regulatory changes in the Manual; however, there are some recom-
mendations to improve the stormwater standards that are typically used in Minnesota. This was
done with the hope of initiating discussions on methods to improve stormwater management,
the definition of what constitutes an improvement, and better options for implementing such
improvements. As a result of the discussions and input form Minnesota’s stormwater community,
there may be the potential at some point to include some of these ideas into regulatory frame-
work. The intent of the Manual is to promote innovation and generate ideas of new stormwater
management practices.

Users will also note that this Manual is not an erosion and sediment control handbook, nor is it
a BMP manual, although there are features of each within the Manual. Again, users are directed
to available resources so that this Manual did not become so long as to be cumbersome and
therefore unused.

Finally, the Manual primarily addresses the post-construction requirements of the NPDES MS4
permit program. Elements of the Manual exist for each of the six required Municipal Separate
Storm Sewer System (MS4) components and could be used by communities to assist in preparing
their permit material. Readers interested in MS4 guidelines are referred to the MPCA Web site
for the MS4 program at http://www.pca.state.mn.us/water/stormwater/stormwater-ms4.html. An
additional handbook on MS4 requirements was prepared by the League of Minnesota Cities (for
more information contact Randy Neprash (rneprash@bonestroo.com).

Minnesota Resource Facts

Number of lakes: 11,842 (10+ acres) Minnesota is first nationally in the

sales of fishing licenses per capita.
Number of natural rivers and

streams: 6,564 (69,200 miles) Fishing waters: 3,800,000 acres

Lakes/Rivers (deep water): 2,560,299 Fishable lakes: 5,493

acres
Fishable streams (cold and warm

Total surface water area including water): 15,000 miles

wetlands: 13,136,357 acres (20,525.56
sguare miles) Trout streams: 1,900 miles

Wetlands present in 1850 (estimated): ~ Forest land: 16.7 million acres

18.6 million acres :
Total area: 86,938.87 sg. mi.

Wetlands present in 2003 (estimated):
9.3 million acres (14,531.25 square
miles)

State population: 4,919,479

Population density (people per

Surface water acreage if estimated square mile): 61.8

wetlands subtracted from total .above: Source: www.dnr.state.mn.us/fag/mnfacts/water.
3,836,357 acres (5,994 square miles) html (last updated 2003)
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What’s New?

All pertinent urban stormwater information is presented or referenced and linked

in a single document, including resource and climate maps, regulatory framework,

BMP design and performance, available tools and a glossary of common and

uncommon terms.

» An explanation of concepts such as integrated stormwater management, better
site design, low impact development, best management practices (BMP)
treatment train, and unified sizing criteria.

Methods to improve the stormwater treatment for receiving waters deemed
“sensitive” by state or local interests.

BMP screening and selection, performance, design, cost, and maintenance.

Model and methods evaluation and choice of factors to use in various
calculations.

Cold climate impacts and management applications.

Mosquitoes and the impact of stormwater management on their breeding habitat
are discussed.

Case study successes are presented.

Research and data needs are identified, including the need for an update of TP-
40 rainfall frequency data and BMP performance in cold climates.

Recommendations for the next round of state stormwater permitting through the
NPDES construction permit including:

e Integration of a recharge volume into the runoff treatment sizing criteria;

e Replacement of the two-year peak matching typically used for rate control
with a one-year, 24-hour extended detention or with matching one-half of
the 2-yr, 24-hr pre-development rate for channel protection;

An expectation of 12 hours detention time and protected outflows from
ponds and a 0.1-0.2 Watershed-inch (depending on receiving water)
minimum for non-ponds;

Consideration of constructed wetlands as bioretention systems;

Development of a credit system to provide an incentive for alternative
and innovative approaches to runoff treatment;

And incorporation of locally approved pre-treatment into accepted BMP
design.
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Chapter 1

Use and Organization of the Manual

This chapter discusses the general philosophy, organization and use of the Manual and introduces
the complexity of the regulatory framework within which it operates. It discusses the means of
obtaining the Manual and contacting the MPCA. A “How Do I...”” section is included to guide
the user to information that might be of particular interest to them.

1. Manual Organization

The Minnesota Stormwater Manual is designed to be a user-friendly and flexible document that
guides users directly to the information they need, depending upon the question they need to
answer or Best Management Practice (BMP) they need to design. The full scope of the Manual
is outlined in the Table of Contents. The Manual is divided into two parts to assist the reader in
obtaining either general or specific design information.

1.1. Volume 1 - Integrated Stormwater Management

Integrated stormwater management is an approach that acknowledges the relationship among
the many factors that influence stormwater behavior. It recognizes the volume, rate, and quality
aspects of stormwater management, as well as the relationship between ground water and surface
water. It recognizes that dealing with one factor can lead to repercussions with other factors.
Fore example, infiltrating water to improve a volume problem could lead to ground water impacts
at an entirely different location. Integrating all of the factors affecting stormwater is also a basic
tenet of the treatment train approach. Chapter 3 continues the discussion of integrated stormwa-
ter management techniques.

Volume 1 contains the background information necessary to apply proper stormwater manage-
ment techniques. This volume contains information on management principles and the basis for
them in Chapters 1 and 2. It walks the user through a series of steps in Chapters 3 and 4 to assure
that good site design is the first step to proper stormwater management. The Manual is organized
around a “treatment train” approach (Figure 1.1) that begins with simple pollution prevention and
runoff volume reduction and proceeds through the details of designing, installing and operating
a structural runoff management facility. It is always assumed that the first step in stormwater
management is to reduce the amount of runoff occurring by soaking in as much precipitation as
possible where it falls. Because full runoff reduction is usually not possible, the Manual demon-
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strates ways to reduce exposing polluting material to runoff by keeping our land surfaces clean.
When polluting materials cannot be kept out of runoff, a mix of simple to complex BMPs are
presented to reduce the amount of pollution that gets to our state’s receiving waters. Under this
strategy, illustrated in Figure 1.1, potential pollutants are kept off of the land surface and simple
methods are used to keep water in place after rainfall or snowmelt events. Then, if needed,
further controls are implemented to manage water that is moving within or away from the site.

Chapter 5 summarizes the existing stormwater regulatory framework in Minnesota and aids
the reader in identifying the proper agency or program, dependent upon the type of resource in
question. This chapter is also linked to additional information in the appendices.

Chapter 6 includes a discussion of stormwater management and mosquito impacts. Chapters
6 and 7 describe the process of BMP selection and provide guidance for choosing the single best
BMP or group of BMPs to address a particular stormwater management objective.

1.2. Volume 2 - Technical and Engineering Guidance

Volume 2 contains the technical detail that stormwater managers need to design and implement
specific practices and regulators need to check the efficiency of designs. The basic climatic
(rainfall) patterns, runoff quality characteristics and methods/models used to assess different
management approaches are contained in Chapter 8, with further detail contained in Appendices
Aand B.

Figure 1.1 The Treatment Train Approach to Runoff Management

RUNOFF MANAGEMENT
TREATMENT TRAIN

Prevent Pollution

Regional

Structure

fl Source Control (for water
(Runoff Volume quzlrlgé;?g:nd
Minimization) flood contrc;l)

On Site
Water Receiving Water
Treatment
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Chapter 9 discusses the complications that cold weather presents and some of the ways that
those problems can be managed, including suggestions for a snow management plan.

The design calculations for determining runoff volumes, where water goes and how it can
be routed begin in Chapter 10 with the Unified Sizing Criteria. This chapter was developed in
response to the repeated request by stormwater managers to use a consistent minimum approach
statewide. Chapter 11 follows this up with suggestions for how state and local government units
can offer credits for good water management practices that may be used to offset some of the
requirements that otherwise would be in place.

Chapter 12 contains two levels of BMP design information. The first level is a series of Fact
Sheets that were developed to present summary information that summarizes the practice and
refers the reader elsewhere for details. The second level are Guidance Sheets, which provide
in-depth engineering detail for the design of more structural BMPs for which Minnesota-specific
guidance is needed.

Chapter 13 addresses various physical and land use factors that impact stormwater manage-
ment. Geology , soils and land use variations are discussed in terms of their potential impact.

Chapter 14 winds-up the Manual with some case study examples of how good, innovative
stormwater management has occurred in Minnesota.

Twelve appendices (A-L) contain supplemental information on such variable items as con-
struction support documents, computer modeling, Minnesota plant lists, and special and other
sensitive waters locations. Appendix J links the reader to a series of ten Issue Papers on key
topics that were prepared for review by the Manual Sub-Committee during Manual preparation.

2. Users of the Manual

The sheer complexity of Minnesota’s stormwater management framework requires that state-
of-the-art guidance and technology updates be available to stormwater managers at all levels of
involvement and knowledge.

The target audience for the Manual is the stormwater practitioner who needs to know about all
facets of good stormwater management in urban and urbanizing areas. This could include a city
water planner wondering what to add to an MS4 BMP section, an engineering consultant serving
many different clients in need of good stormwater management, a contractor in need of guidance
to properly implement regulations, a state or local regulator, a watershed manager or any of a
number of other potential users. The Manual is designed to address variable levels of expertise
in a flexible manner. It is by no means all-inclusive. For this reason, when appropriate, links
will take the user to many excellent documents available elsewhere. Those users who are already
familiar with background material presented in the Manual need only peruse it for a refresher.

3. The Regulatory Relationship of the Manual

The stormwater regulatory framework in Minnesota can be complex and confusing even to those
dealing with it on a frequent basis. Many regulated parties might argue that too much regulation
occurs, whereas those interested in resource protection could argue the opposite. The goal in pro-
viding regulatory information in the Minnesota Stormwater Manual is to provide a “road-map”
that directs the potential regulated party or permit reviewer to the appropriate agency and/or
regulatory program. Answers to all of the regulatory questions that might arise cannot possibly
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be contained in a single document. Instead, this document identifies the agency or program to
contact for the appropriate up-to-date interpretation needed.

Chapter 5 and Appendices F and G provide the detail needed to work through the stormwater
regulatory program in Minnesota. The major federal, state, regional, and local agencies, pro-
grams and regulations related to stormwater are summarized, including those of the following
agencies :

« U.S. Environmental Protection Agency (USEPA)

* Federal Emergency Management Agency (FEMA)
* U.S. Army Corps of Engineers (USACE)

* Minnesota Pollution Control Agency (MPCA)

* Minnesota Department of Health (MDH)

* Minnesota Department of Natural Resources (DNR)
» Board of Water and Soil Resources (BWSR)

» Metropolitan Council (sub-unit of the State)

* Watershed Management Organizations, including Watershed Districts
» Counties

* Municipalities (cities and townships)

This Manual also provides assistance to communities, industries and agencies needing to pro-
duce Stormwater Pollution Prevention Programs or Plans (SWPPPs). SWPPP plans are required
for Industrial and Construction National Pollutant Discharge and Elimination System (NPDES)
permit holders, whereas a SWPPP program is required for Municipal Seperate Storm Sewer Sys-
tem (MS4) permit holders. SWPPPs are mandated pollution control plans that must be produced
by NPDES program permit holders and kept on-site for easy reference. They carefully lay-out
the means through which a potential pollution source will be identified and controlled. Details on
the SWPPP requirements can be found at the MPCA’s Stormwater Program Web site.

Attention has been paid in the Manual to avoid language that appears to mandate new storm-
water requirements. This Manual is intended to be a flexible guidance document for stormwater
managers to use in their everyday activities. Because the Manual attempts to capture state-of-
the-art stormwater management techniques, however, some have interpreted this leap forward as
“new regulation.” It is possible that new regulations could be an outcome of material contained
in the Manual. MPCA has stated its commitment to keeping Minnesota stormwater regulations
current with advances in the field. This commitment could mean regulatory revisions in the
future, but this is not the intent of this Manual.

4. This Manual’s Relationship to Other Manuals

Throughout the Manual preparation process the question has been asked as to why the state is
producing another Manual when at least two others already exist. The MPCA’s Protecting Water
Quality in Urban Areas (2000) and the Metropolitan Council’s Minnesota Urban Small Sites
BMP Manual (2001) are both readily available and still actively used.

The MPCA’s manual was originally produced in 1989 and was updated in 2000. Much of the
concepts and information presented in the manual is out-of-date because of the rapidly changing
stormwater field. The Metropolitan Council’s manual was intended to address a select set of
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BMPs for small urban sites; it was never intended to be a comprehensive stormwater management
guide for statewide application. This Manual will supplement the other two, and in combination
they will provide a more comprehensive overview of stormwater management in Minnesota.

Why not simply use one of the large number of stormwater manuals available through other
states? These are readily obtained via the Web sites of the states and the best examples are linked
through the appendices of this Manual. The whole purpose of initiating a Minnesota Manual was
to get a guidance document for Minnesota programs, suited to the state’s cold climate. Although
some cold weather states have manuals, the Stormwater Steering Committee determined that a
manual that contains information directly applicable to Minnesota would best serve users. A
Vermont design strategy might not come close to the requirements of the Minnesota Construc-
tion General Permit, for example. Links direct Minnesota users to out-of-state resources if the
resource could be of further assistance.

5. Keep Updated About Manual Changes

It is the intent of the SSC to keep this Manual as up-to-date as possible. Material in the rapidly
changing field of stormwater management can become obsolete very quickly. The most cur-
rent version of the full Manual, with each of its sections, will be kept available at the MPCA’s
stormwater management Web site at http://www.pca.state.mn.us/water/stormwater/stormwater-
manual.html. Readers are encouraged to record and bookmark any changes in this address that
might occur with future revisions.

The Manual has been prepared to be predominantly an electronic resource. The intent is to
have the Manual n an evolving electronic format. Check the following MPCA Web-site for infor-
mation on hard-copy availability: http://www.pca.state.mn.us/publications/stormwater-manual.
html.

The Manual has always been viewed by the SSC as a fluid and flexible document that must be
updated when new information becomes available or when ideas change. The formal updating
process will not be determined until after the Manual is accepted by the SSC. Possibilities for
updating include a round of revisions after the public training sessions in early 2006, continual
updating on the MPCA Web site whenever new information is available or periodic (perhaps
biennial) review and updating.

This is Version 1.0 of the Minnesota Stormwater Manual. Each section will be marked with
the current version number. Subsequent small-scale changes in chapters will be noted as changes
to Version 1.0 (ex. Version 1.x). Major or large-scale changes in the entire document could lead
to a change to Version numbering (ex. Version 2.0), but only if the content change warrants such
a review.

6. Feedback

The revisions referred to in the previous section will occur as new techniques become available
and as experience in use of the Manual grows.

Users of the Manual are encouraged to submit their experiences in using the Manual and their
suggestions for improving it to the MPCA via the Manual Web site, http://www.pca.state.mn.us/
water/stormwater/stormwater-manual.html. Finally, those finding technical errors or noting omis-
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sions are encouraged to follow the process above for submitting comments to the MPCA staff.

7. How Do I...

» Determine if | am covered by the Phase Il Construction, MS4 or Industrial permit rules?
>Ch.5

* Pick proper quantity and quality modeling/hydrological factors? > Ch. 8 & App. B

* PickaBMP?>Ch.6 & Ch.7

* Design a BMP? > Ch. 12

 Consider the effects of cold weather on the choice and operation of a BMP? > Ch. 9

* Incorporate better site design/low impact development into my stormwater management
work? >Ch. 4

* Find out if my site impacts a “special water” ? > App. F

* Find out what is included under the “special water” or other sensitive receiving waters
categories? > Ch. 5, Ch. 10, & App. F

* Select the proper model to use for my unique situation? > Ch. 8 & App. B

» Know what plants to use when I’'m planting a rain garden? > App. E

» Make sure everything | need for a particular permit is accounted for? > Ch. 5 & App. G
 Find out what a calcareous fen is and what’s required to protect it? > App. F
* Find out how to maintain a bioretention facility or any other BMP? > Ch. 12
* Find sample/model ordinances? > App. G

+ See what sample BMP applications have been done in the state? > Ch. 14

+ ldentify the potential for ground water/surface water interactions? > Ch. 3

* Minimize the potential for my BMP to breed mosquitoes? > Ch. 6 & Ch. 12
* Incorporate channel protection into my pond outlet design? > Ch. 10

* ldentify which MPCA Eco-region | am operating within? > App. A

» Explore more deeply one of the Issue Paper topics that was considered by the Manual
Sub-Committee? > App. J

* Find out which watershed (and organization) | am located within? > App. A

 Determine the criteria | need to meet for runoff volume control? > Ch. 5 & Ch. 10

* Quantify my water quality and flood control volume requirements? > Ch. 10

* Maintain my rain garden? > Ch. 12

» Deal with karst geology, tight soils, and potential stormwater hotspots of toxicity? > Ch.
13

» Check that my BMP is suitable based on site conditions or receiving water criteria? > Ch.
7
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Chapter 2

Stormwater and the Minnesota
Perspective

This chapter defines the reasons stormwater management is important in the state and introduces
the general stormwater management principles that are used throughout the Manual. The unique
framework and stormwater management approach needed in Minnesota to address the variation
in physical conditions that might affect surface water management are discussed.

1. Stormwater Education

The material contained in this Manual, and especially the background material comprising this
chapter, can be used to educate public officials and citizens on the necessity to plan adequately
for stormwater. Although the average Minnesotan is very water-savvy, there is a continual need
to keep our youth and those desiring to learn better served.

Minnesota is very fortunate to have a great many educational programs available to its citizens.
Such efforts as the University of Minnesota Extension, Project NEMO, Watershed Partners, and
all of the Phase 11 education programs developed by MS4 communities are but a few of the many
available. Because this list is far too long to include in this document, the reader is referred to the
Minnesota Sustainable Communities Network “Next Step” Web site to obtain a comprehensive
list of education programs and contacts.

2. What is Stormwater

Stormwater is an all-inclusive term that refers to any of the water running off of the land’s surface
after a rainfall or snowmelt event. Prior to development, stormwater is a small component of the
annual water balance. However, as development increases, the paving of pervious surfaces (that
is, surfaces able to soak water into the ground) with new roads, shopping centers, driveways and
rooftops all adds up to mean less water soaks into the ground and more water runs off. Figure
2.1 is a variation on a classic diagram that has appeared in many documents describing the ef-
fects of urbanization. This adaptation from the University of Washington shows how the relative
percentages of water soaking into the ground change once development begins in a forested
area. Note that the numbers assigned to the arrows depicting the movement of water will vary
depending upon location within Minnesota. General information on regional precipitation, infil-
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Figure 2.1 Differences in Annual Water Budget from Natural Land Cover to Urbanized Land

Cover (Source: May, University of Washington)

Typical Annual Water Budget Typical Annual Water Budget
. .rwem'ﬂ Land Cover A Lrbanized Land Cover
{If'lf..:'..'.:.lllll- r

1] "‘.b.ﬁfl_‘!ﬁ“"'-mml’imﬁ““ Evaporation-Transpiration

tration, evapotranspiration, etc. in Minnesota is contained in Chapter 8, but local details should
be obtained from an appropriate source knowledgeable about local water data.

The Center for Watershed Protection has helped document the adverse impact that increased
imperviousness (that is, water not able to soak into the ground) has on the health of receiving
streams.! Similar impacts occur when the watersheds surrounding lakes experience an increase in
impervious cover, although in both stream and lake cases this simplistic explanation is only part
of the problem. Other factors such as morphology, landscape setting, inherent soils and geology,
and land use history could be equally as important.

It is important to note that the Minnesota Stormwater Manual has an urban or developing/
developed area focus. This is not meant to ignore or minimize the impact that agricultural or silvi-
cultural activities can have on our receiving waters. Rather, the Manual focuses on the transition
from rural and open space to urban uses, and on the management of stormwater from the increased
impervious surfaces that result. Readers are referred to the Minnesota Pollution Control Agency
Web site, the Minnesota Department of Natural Resources Web site, or the Minnesota Depart-
ment of Agriculture Web site for further information on agricultural and silvicultural activities.

3. Why Stormwater Matters

The passage of the federal Clean Water Act (CWA) in the 1970s initiated a change in the view
of pollution in the U.S. No longer was it acceptable to pollute our country’s water resources.
The initial focus of implementing the provisions of the CWA was logically on point sources of
pollution, or those discharges coming from the end of an industrial or municipal wastewater pipe.
Progress in addressing these discharges was made rapidly, although vigilance is still required to
assure continued protection.

In the 1990s the United States Environmental Protection Agency (USEPA) began to apply
requirements of the CWA to stormwater runoff. Owners and operators of certain storm drainage
systems are now required to comply with design, construction, and maintenance requirements set
by the MPCA for the State of Minnesota. Manual users are also encouraged to check the Center
for Watershed Protection’s Web site for much more information on the behavior of stormwater

1 Further information is contained on its Web site www.cwp.org.
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and links to many additional sources of information.

3.1. Physical Changes to the Drainage System

The changes in the landscape that occur during the transition from rural and open space to
urbanized land use have a profound effect on the movement of water off of the land. The prob-
lems associated with urbanization originate in the changes in landscape, the increased volume
of runoff, and the quickened manner in which it moves. Urban development within a watershed
has a number of direct impacts on downstream waters and waterways, including changes to
stream flow behavior and stream geometry, degradation of aquatic habitat, and extreme water
level fluctuation. The cumulative impact of these changes should be recognized as a stormwater
management approach is assembled.

3.1.1 Changes to Stream Flow

Urban development alters the hydrology (rate and volume) of watersheds and streams by disrupt-
ing the natural water cycle (Georgia Stormwater Manual, 2001). The changes in streams draining
altered watersheds are very apparent (Figure 2.2) as they respond to the altered hydrology during
this transition. Although similar changes can occur from intensive agricultural or silvicultural
activities, the Manual focuses on the impacts of changes associated with development. Notable
responses include:

Increased Runoff Volumes: Land surface changes can dramatically increase the total volume
of runoff generated in a developed watershed through compaction of soils and introduction of
impervious surfaces.

Increased Peak Runoff Discharges: Rainfall quickly runs off impervious surfaces instead
of being released gradually as in more natural landscapes. Increased peak discharges for a
developed watershed can be two- to five- times higher than those for an undisturbed watershed.
Control programs that may address runoff rates do not fully address many of the problems
associated with stormwater runoff.

Greater Runoff Velocities: Impervious surfaces and compacted soils, as well as improvements
to the drainage system such as storm drains, pipes, and ditches, increase the speed at which
rainfall runs off land surfaces within a watershed.

Shorter Times of Concentration: As runoff velocities increase, it takes less time for water to
run off the land and reach a stream or other waterbody.

Increased Frequency of Bank-full and Near Bank-full Events: Increased runoff volumes
and peak flows increase the frequency and duration of smaller bank-full and near bank-full
events, which are the primary channel forming events.

Increased Flooding: Increased runoff volumes and peaks also increase the frequency, duration
and severity of out-of-bank flooding.

Lower Dry Weather Flows (Baseflow): Reduced infiltration of stormwater runoff could cause
streams to have less baseflow through shallow ground water inflow during dry weather periods
and reduces the amount of rainfall recharging ground water aquifers.
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Figure 2.2 Alteration in Riparian Condition and Land Use within a Watershed Can Lead to

3.1.2 Changes to Stream Geomorphology

The changes in the rate and volume of runoff from developed watersheds directly affect the
morphology, or physical shape and character, of urban streams, rivers, and often ravines and
ephemeral (intermittent) drainageways. Some of the impacts due to urban development include
(adapted from the Georgia Stormwater Manual, 2001):

Stream Widening and Bank Erosion: Stream channels widen to accommodate and convey the
increased runoff and higher stream flows from developed areas. More frequent small and mod-
erate runoff events undercut and scour the lower parts of the streambank, causing the steeper
banks to slump and collapse during larger storms.

Higher Flow Velocities: Increased streambank erosion rates can cause a stream to widen many
times its original size due to post-development runoff.

Stream Downcutting: Another way that streams accommodate higher flows is by downcutting
their streambed. This causes instability in the stream profile, or elevation along a stream’s
flow path, which increases velocity and triggers further channel erosion both upstream and
downstream.

Loss of Riparian Canopy: As streambanks are gradually undercut and slump into the channel,
the vegetation (trees, shrubs, herbaceous plants) that had protected the banks are exposed at
the roots. This leaves them more likely to be uprooted or eroded during major storms, further
weakening bank structure.

Changes in the Channel Bed Due to Sedimentation: Due to channel erosion and other sources
upstream, sediments are deposited in the stream as sandbars and other features, covering the
channel bed, or substrate, with shifting deposits of mud, silt and sand.
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Increase in the Floodplain Elevation: To accommodate the higher peak flow rate, a stream’s
floodplain elevation typically increases following development in a watershed due to higher
peak flows. This problem is compounded by building and filling in floodplain areas, which
cause flood heights to rise even further. Property and structures that had not previously been
subject to flooding may now be at risk.

3.1.3 Impacts to Aquatic Habitat

Perhaps the most significant impact that results from the physical change to urban streams occurs
in the habitat value of streams. Impacts on habitat include (adapted from the Georgia Stormwater
Manual, 2001):

Degradation of Habitat Structure: Higher and faster flows due to development can scour
channels and wash away entire biological communities. Streambank erosion and the loss of
riparian vegetation reduce habitat for many fish species and other aquatic life, while sediment
deposits can smother bottom-dwelling organisms and aquatic habitat.

Loss of Pool-Riffle Structure: Streams draining undeveloped watersheds often contain pools
of deeper, more slowly flowing water that alternate with “riffles” or shoals of shallower, faster
flowing water. These pools and riffles provide valuable habitat for fish and aquatic insects. As
a result of the increased flows and sediment loads from urban watersheds, the pools and riffles
disappear and are replaced with more uniform, and often shallower, streambeds that provide
less varied aquatic habitat.

Reduced Baseflows: Reduced baseflows possibly due to increased impervious cover in a wa-
tershed and the loss of rainfall infiltration into the soil and water table adversely affect in-stream
habitats, especially during periods of drought.

Increased Stream Temperature: Runoff from warm impervious areas (e.g.. streets and parking
lots), storage in impoundments, loss of riparian vegetation and shallow channels can all cause
an increase in temperature in urban streams. Increased temperatures can reduce dissolved oxy-
gen levels and disrupt the food chain. Certain aquatic species, such as trout, can only survive
within a narrow temperature range.

Decline in Abundance and Biodiversity: When there is a reduction in various habitats and
habitat quality, both the number and the variety, or diversity, of organisms (e.g.. wetland plants,
fish, and macroinvertebrates) are also reduced. Sensitive fish species and other life forms disap-
pear and are replaced by those organisms that are better adapted to the poorer conditions. The
diversity and composition of the benthic, or streambed, community have frequently been used
to evaluate the quality of urban streams. Aquatic insects are a useful environmental indicator
as they form the base of the stream food chain. Fish and other aquatic organisms are impacted
not only by the habitat changes brought on by increased stormwater runoff quantity, but are
often also adversely affected by water quality changes due to development and resultant land
use activities in a watershed.

3.2. Water Quality Impacts

As impervious surfaces increase, more water flows off of urban surfaces and is delivered faster to
receiving waters. The increased activity on these surfaces means that more polluting material is
available, as well. Minimizing the mobilization of this material and its impact is the goal of good
runoff management and the purpose of this Manual.
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Figure 2.3 Uncontrolled Construction Erosion

3.2.1 Sources of Pollution

Diffuse sources of pollution, such as that resulting from construction (Figure 2.3), roadways,
parking lots and farm fields, have been a focus for Minnesota water management because they
surpass point sources in severity for many pollutants of concern. The conversion of rural and
open space land to urban uses is the particular focus of this Manual.

The problems associated with the conversion of land emerge as the land surface changes from
one that soaks water into the ground to one that inhibits this infiltration. What used to be a small
portion of runoff from a rainfall or snowmelt event becomes a major source of runoff volume.
Water that used to soak in collects and flows from these new surfaces with enough energy to
erode soil that was formerly held in place with protective vegetative cover and strong roots.
Streams generally depend on ground water supplies during dry periods of the year. When infiltra-
tion is reduced or eliminated, this ground water is no longer available to supply baseflow and
support the life of the channel. For the same reason, deeper ground water aquifer units receive
less recharge.

Quantity is not the only problem resulting from changing runoff patterns. The water that
washes over these new urban surfaces picks up materials laying upon those surfaces. The sedi-
ment from construction erosion, the oil, grease and metals from many automobiles, the fertilizer
and pesticides from lawns, and many more new pollutants can adversely impact the receiving
waters. Table 2.1 lists some of the many nonpoint pollutants of concern and the sources of these
pollutants.
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Table 2.1 Nonpoint Sources and the Pollutants Associated with Them (Source: Adapted

from The Stormwater Pollution Prevention Handbook, Conservation Toronto and Region,
2001)

Pollution Sources

Pollutants of Concern*

Vehicular traffic accounts for much of the build-up of
contaminants on road surfaces and parking lots. Wear

from tires, brake and clutch linings, engine oil and lubricant
drippings, combustion products and corrosion, all account for
build-up of sediment particles, metals, and oils and grease.
Wear on road and parking surfaces also provides sediment
and petroleum derivatives from asphalt. Spills from traffic
accidents can occur on any street or highway.

Heavy metals (such as lead, zinc,
copper, cadmium, and mercury),
hydrocarbons (such as oil and grease,
gasoline, cleaning solvents), salt (Na
and ClI), sediment

Lawn and garden maintenance of all types of land uses
including residential, industrial, institutional, parks, and road
and utility right-of-ways accounts for additions of organic
material from grass clippings, garden litter and fallen leaves.
Fertilizers, herbicides and pesticides all can contribute to
pollutant loads in runoff if not properly applied.

Phosphorus, nitrogen, fertilizers/
pesticides, organic debris, oxygen
demand

Air pollution fallout of suspended solids from traffic,
industrial sources and wind erosion of soils builds up
contaminants in soil and on urban surfaces.

Organic pollutants such as polycyclic
aromatic hydrocarbons (PAHS),
pesticides, polychlorinated biphenyls
(PCBSs), and phenols, heavy

metals, nitrogen and sulfur oxides,
hydrocarbons, mercury

Municipal maintenance activities including road repair and
general maintenance (road surface treatment, salting, dust
control, etc.).

Sediment, hydrocarbons, salt

Industrial and commercial activities can lead to
contamination of runoff from loading and unloading areas,
raw material and by-product storage, vehicle maintenance
and spills.

Any raw material exposed to runoff

lllicit connections of sanitary services, roof/sump drains
or industrial process water to storm sewers can cause
contamination with organic wastes, nutrients, heavy metals
and bacteria.

Bacteria/virus, phosphorus, nitrogen,
excess water, heavy metals

Improper disposal of household hazardous wastes can
introduce waste oil and a multitude of toxic materials such

as paint, solvents, auto fluids, and waste products to storm
and sanitary sewers. Note that industrial and commercial
hazardous materials are regulated under point source control
programs.

Any household material deemed
hazardous
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Table 2.1 Nonpoint Sources and the Pollutants Associated with Them (Source: Adapted

from The Stormwater Pollution Prevention Handbook, Conservation Toronto and Region,
2001)

Pet and wildlife feces and litter introduce organic

contamination, nutrients and bacteria. Bacteria/virus, phosphorus, nitrogen

Construction activity can introduce heavy loads of sediment
from direct runoff, construction vehicles and wind-eroded
sediment. Sediment particles also: transport other pollutants
that are attached to their surfaces including nutrients, trace
metals and hydrocarbons; fills ditches and small streams and
clogs storm sewers and pipes, causing flooding and property
damage; and reduces the capacity of wetlands, reservoirs
and lakes. Construction can also contribute construction
debris, material spills and sanitary waste.

Sediment, phosphorus, nitrogen,
debris, sanitary waste

Bacteria/virus, phosphorus, nitrogen,
suspended solids, heavy metals,
organic contaminants, oxygen
demanding substances

Combined sewer overflows** (CSOs) and Sanitary Sewer
Overflows (SSOs) contain a mixture of sanitary, commercial
and often industrial waste, along with surface drainage.

Runoff from residential driveways and parking areas can | Salt, PAHs, hydrocarbons, increased
contain driveway sealants, oil, salt, and car care products. temperature

* Representative list only; many additional pollutants can be associated with most of the activities listed.
** Combined sewers are very limited in Minnesota, with only a few remnants still existing in the metropolitan area.
However, the same concerns apply for sewage spills and accidental overflows.

3.2.2 Pollutant Impacts

The impacts of the various pollutants listed in Table 2.1 are felt to varying levels. It is important
to recognize that the hydrologic balance of most receiving water depends on this runoff water.
Simply diverting all of the flow around a water body might help reduce a pollution load, but it
could also cause the water body to dry up.

The receiving water quality impacts from urban runoff vary depending upon the quality and
quantity of the stormwater and the assimilative capacity, or its natural ability to absorb or ac-
commodate certain pollutants without adverse effects, of the receiving waterbody (Conservation
Toronto and Region, 2001). Depending on the chemical, biological and physical character of the
waterbody, its assimilative capacity can be quite different and tolerance to pollutants may vary
greatly. Some waterbodies are inherently more sensitive to types or classes of pollutants than
others; for example, lakes are more sensitive to phosphorus than streams and trout streams are
more sensitive to increased temperature than non-trout streams.

Potential water quality concerns resulting from stormwater include (among others):
» Beach closures and potential illness from bacteria/virus from fecal material in pet and
wildlife litter and sanitary wastes
* Nuisance algal growth in lakes and streams from nutrient enrichment (nitrogen and phos-
phorous compounds);
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Choking of aquatic life and elimination of suitable habitat from deposits of sediments,
exacerbated if the sediments are also contaminated;

Toxicity from ammonia, metals, organic compounds, pesticides and other contaminants,
including potential endocrine disruption effects from certain organics and pesti-
cides;

Oxygen depletion potential or biochemical oxygen demand (BOD) of the water from bio-
degradable organic material, which can lead to oxygen deprivation of the organisms in the
receiving water;

Temperature changes due to an influx of water warmed by the ‘heat island’ effect of roads
and buildings. Warm water can hold less dissolved oxygen than cold water, so this thermal
pollution further reduces oxygen levels in depleted urban streams. Temperature changes
can severely disrupt certain aquatic species, such as trout and stoneflies, which can survive
only within a narrow temperature range;

Aesthetic impacts from floatable matter and sediments (e.g., litter, grass clippings, sanitary

items, and soil erosion); and

» Contamination of ground water with soluble organic chemicals, metals, nitrates and salt.

4. Managing Stormwater in Minnesota

Minnesota is a large and varied state. Physical elements such as climate, occurrence of water,
ecology, geology, soils and topography, and cultural features such as land use vary dramati-

cally from one end of the state to the other.
Stormwater managers in Minnesota know
that conditions in the state can complicate
solutions that might be simple elsewhere in
the country. The extreme weather conditions
(cold and hot) and physiographic variability
under which we operate makes it impossible
to generalize a single accepted approach for
the entire state under all conditions. Flex-
ibility in approaching problems site by site is
stressed in this Manual. The following sec-
tion describes some of the statewide variabil-
ity that can be addressed with variable tech-
niques in the Manual. Appendix A contains
a compilation of several additional graphics
illustrating the differences in factors that can
influence stormwater.

4.1. Climate

The climate of Minnesota is characteristic of
a transition zone from the moist and temper-
ate eastern U.S. to the dry and droughty west-
ern U.S. Minnesota’s large size also means
that much variation can occur within the state

Figure 2.4 Average Annual Minnesota
Precipitation (Source: MN State
Climatology Office)

Normal Annual Precipitation

State Climatology Office - DNR W aters
July 2003
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in any given year. Add to that extremes in temperature, and the difficulty in trying to describe
Minnesota’s climate can be appreciated. Although the temperature discussion is interesting, this
Manual has been developed to address water, so other than the fact that we experience very cold
winters, temperature will not be discussed.

The major factors to focus on for good statewide stormwater management are rainfall and
snowfall (snowmelt). A complete picture of Minnesota stormwater runoff cannot be painted
without a discussion of both. Issue Paper B in the Manual Sub-Committee series (see Appendix
J) examined some questions associated with the frequency of precipitation in Minnesota. The
discussion was oriented around which design events to use as a basis for unified sizing of storm-
water facilities across the state.

Figure 2.4 depicts the normal average annual Minnesota precipitation (rain plus snow) pattern.
The statewide variation from less than 20 inches in the northwest to about 35 inches in the south-
east is evident on the map. Figure 2.5 is a similar representation showing the areal variability in
snowfall, varying less regularly from about 40 to 64 inches.

4.1.1 Rainfall

The real impact of the precipitation that falls in the state is felt when it runs off either as rainfall
or snowmelt. Issue Paper B (Appendix J) contains a substantial amount of discussion on the
proper statistical representation of “design events” based on the relationship of precipitation to
runoff. The discussion was intended to set the stage for selection of the unified sizing criteria
contained in Chapter 10. Much of the discussion with the Manual Sub-Committee concerned the
use of the US Weather Bureau’s 1961 Technical Publication 40, commonly known as “TP 40”.
Even though this publication is generally considered out of date because it does not reflect recent
climate changes, there is no acceptable substitute at this time (see Issue Paper B discussion).
Until such time as an acceptable replacement exists, the graphics presented in Appendix B define

Table 2.2 Summary of TP 40 (USWB, 1961) Event Frequency Data for Minnesota

Event Frequency . . Twin Cities Approximate
(all for 24-hours) Ningesctal noelloehes) Average (inches)
1-Year 1.8-26 2.4
2-Year 21-29 2.75
5-Year 28-37 3.65
10-Year 3.3-44 4.2
25-Year 3.9-5.0 4.8
50-Year 44-56 5.3
100-Year 48-6.2 5.95
Average Average snow pack Typical snow Estimated
snowmelt = depth at the X pack water _ infiltration volume
volume initiation of the equivalent at likely during a 10-day
(depth/unit area) snowmelt period time of melt melt period
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Figure 2.5 Average Annual Minnesota Snowfall (Source: University of Minnesota, Department

of Soil, Water, and Climate)

Mean Annual Snowfall, 1971-2000
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Figure 2.6a Snow Depth at Initiation of Melt (Source: Adapted from the Minnesota

Climatology Working Group)
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Figure 2.6b Snow Water Equivalent for
March (Source: Adapted from the Minnesota
Climatology Working Group)
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Figure 2.7 Snowmelt Infiltration Based on Soil Moisture Content (Source: Adapted from

Granger et al. 1984)
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design events that should be used in Minnesota. Appendix B (Supplemental Graphics B.1 - B.7)
contains the TP 40 graphs showing the 1-year through 100-year, 24-hour rainfall events. Table
2.2 summarizes the TP 40 data for the state and the seven-county metro area. Further breakdown
of aerial precipitation frequencies across the state are presented in Chapter 10 (see also Issue
Paper B in Appendix J).

4.1.2 Snowmelt

The determination of snowmelt volumes is more complicated that rainfall because it depends on
two factors — snowfall depth and the amount of moisture (or the equivalent water moisture) in
the snow. Figure 2.5 shows the average annual snowfall amount for the state, but this graphic is
somewhat misleading because it does not show the amount of moisture running off as snowmelt
when the snowpack melts.

Initial determination of the average amount of snowmelt runoff can be determined using the
information presented in Figure 2.6a. This shows the average snowfall depth on March 10th, an
approximation of the initiation of melt in much of Minnesota, plus isolines that show the last
occurrence of three-inches of standing snowpack. Figure 2.6b shows the average snow water
equivalent for March. The total runoff is the product of the snowpack depth times the water
equivalent. For example, St. Paul would be 7 inches (0.58 feet) times approximately 0.11 inches
of equivalent water equals about 0.77 inches of water that will be available for runoff during a
total melt of the snowpack. For Tower, the snow on the ground at melt is closer to 20 inches,

Figure 2.8 Minnesota’s Surface Water Resources
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but the snow water equivalent is only 0.09 inches, so the amount available for runoff is about 1.8
inches. Details on the data presented in Figures 2.6a and b and much more regarding Minnesota
climate in general can be obtained at the Minnesota Climatology Working Group Web site.

Of course not all of the meltwater runs off. Figure 2.7 is based on research in Canada and
illustrates that some of the meltwater enters the ground as infiltration. This graphic needs local
adjustment based on knowledge of ground conditions, but it does give an approximation of the
amount of melt that will soak into the ground and hence be removed from the total runoff volume.
(See the equation describing this below).

4.2. Physical Features

Many of the physical features that influence the behavior of stormwater are not mapped at a
level of sufficient enough detail for the state. This section will generally describe the features of
importance and refer the user to sources of better information.

4.2.1 Minnesota Waters

The Manual Foreword listed some numbers describing the lakes, rivers, streams and wetlands in
Minnesota (see also Figure 2.8). Illustrations of many of these features occur in Appendix A and
Appendix F of this Manual. Due to the richness and variety of Minnesota’s water resources, sev-
eral classes of waters have been identified for special protections through legislation or programs
designed to protect these unique resources (Table 2.3).

Table 2.3 Links to Special Waters, ORVWSs, and Other Sensitive Receiving Waters

Water Link
Calcareous Fens http://www.pca.state.mn.us/publications/wg-strm1-06.xIs

Impaired Waters

(303 Lis) http://www.pca.state.mn.us/publications/reports/tmdl-list-2004.pdf

http://www.metrocouncil.org/planning/environment/WRMPP/WRMPPMay2005 _Appendi-
ces2.pdf

Metropolitan Council Priority Lakes

Mississippi National River
and Recreation Area (MNRRA)

Mississippi River Critical Area http://www.dnr.state.mn.us/waters/watermgmt_section/critical_area/index.html

http://www.dnr.state.mn.us/waters/watermgmt_section/mnrra/index.html

Outstanding Resource http://www.revisor.leg.state.mn.us/arule/7050/0180.html

Value Waters (ORVW)
Public Waters http://www.dnr.state.mn.us/waters/watermgmt_section/pwi/maps.html
Scientific and Natural Area http://www.dnr.state.mn.us/snas/list.html
Special Waters List http://www.pca.state.mn.us/publications/wg-strm1-05.xIs
Trout Lakes http://www.dnr.state.mn.us/fishing/trout_lakes/list.html
Trout Streams http://www.dnr.state.mn.us/fishing/trout_streams/index.html
Wetlands http:/wetlands.fws.gov/mapper_tool.htm

Wild, Scenic, Recreational Rivers | http://www.dnr.state.mn.us/waters/watermgmt_section/wild_scenic/index.html



http://www.climate.umn.edu
http://www.pca.state.mn.us/publications/wq-strm1-06.xls
http://www.pca.state.mn.us/publications/reports/tmdl-list-2004.pdf
http://www.metrocouncil.org/planning/environment/WRMPP/WRMPPMay2005_Appendices2.pdf
http://www.metrocouncil.org/planning/environment/WRMPP/WRMPPMay2005_Appendices2.pdf
http://www.dnr.state.mn.us/waters/watermgmt_section/mnrra/index.html
http://www.dnr.state.mn.us/waters/watermgmt_section/critical_area/index.html
http://www.revisor.leg.state.mn.us/arule/7050/0180.html
http://www.dnr.state.mn.us/waters/watermgmt_section/pwi/maps.html
http://www.dnr.state.mn.us/snas/list.html
http://www.pca.state.mn.us/publications/wq-strm1-05.xls
http://www.dnr.state.mn.us/fishing/trout_lakes/list.html
http://www.dnr.state.mn.us/fishing/trout_streams/index.html
http://wetlands.fws.gov/mapper_tool.htm
http://www.dnr.state.mn.us/waters/watermgmt_section/wild_scenic/index.html
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Figure 2.9 Minnesota’s Major Basins (Source: Adapted from DNR)
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A. Special Waters
Special Waters are designated in Appendix B.1-8 of the MN Construction General Permit (2003),
and include the following eight categories of receiving waters:

Wilderness areas

Mississippi River (Lake Itasca through Morrison County)
Scenic or recreational river segments

Lake Superior

Lake trout lakes

Trout lakes

Scientific and natural areas

Trout streams

B. Outstanding Resource Value Waters (ORVW)
ORVWs are designated in Minnesota Rules Chapter 7050 and include the following categories:

Waters within the Boundary Waters Canoe Area Wilderness, Voyageur’s National Park,
and Department of Natural Resources designated scientific and natural areas

Wild, scenic, and recreational river segments
Lake Superior

+ Portions of the Mississippi River from Lake Itasca to the southerly boundary of Morrison
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Figure 2.10 Minnesota’s Ecoregions (Source: MPCA)
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Figure 2.11 DNR Ecoregion Sections (Source: Adapted from DNR)
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County

» Other waters of the state with high water quality, wilderness characteristics, unique sci-
entific or ecological significance, exceptional recreational value, or other special qualities
which warrant stringent protection from pollution

C. Other Sensitive Receiving Waters

In addition to the Special Waters and ORVWs, there are several other classes of sensitive
receiving waters, as defined by a variety of federal, state and local entities, that receive special
protections and merit additional management attention. Recommended stormwater criteria for
these waters are provided in Chapter 10. These other sensitive receiving waters can be broken

down into five general classes:

* Lakes

* Trout Resources

Wetlands (Including Calcareous Fens)
* Drinking Water Source Areas
Impaired Waters

4.2.2 Watersheds and Ecoregions

Figure 2.14 Shallow Bedrock in Northern
Minnesota (Source: The Great Lakes

Association)

of Landtype Associations
P‘]I MNorthern Minnesola

Lendlyoe
atsociabon
Femcenl bediock
aisterop

ey O

-2
-5
-1

Tl

i
oy,

Digiral bedrck duta were sbtsar ed from the M Land Management
Tafermascn Crater Chgital bedcck mfomation wai denvsd frem
" sgpe Mup of Moo setn: Depth 1o Bedrock”, M Gaalogieal

Curvey, |¥EZ(E M Olsen & J B Blossde), soals 11200000

Watershed-based water management
began in earnest in the state in the mid-
1950s and has had several additional
mandates put in place since then. Water-
shed districts, watershed management and
watershed-based planning are all common
terms within the state. Figure 2.9 shows
the eight major watershed basins across
the state. Details on local watersheds are
available from local sources, the Minne-
sota Department of Natural resources at
http://www.dnr.state.mn.us/watersheds/
map.html or the Minnesota Association
of Watershed Districts’s “Where is my
Watershed?” Web site.

The reality associated with so many
watershed units occurring in the state is
that a complex planning and regulatory
framework exists for water management.
Many of the sub-watersheds contained
within the major watershed units have
watershed management organizations
that typically have some level of authority
through a Watershed District or Watershed
Management Organization. Information
on the location and operations of these


http://www.dnr.state.mn.us/watersheds/map.html 
http://www.dnr.state.mn.us/watersheds/map.html 
http://www.mnwatershed.org/index.asp?Type=B_BASIC&SEC={D2F10412-CF57-45F8-B6D0-6DF55C8A1608}
http://www.mnwatershed.org/index.asp?Type=B_BASIC&SEC={D2F10412-CF57-45F8-B6D0-6DF55C8A1608}
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Figure 2.15 Minnesota Karst Lands (Source: Alexander and Gao, 2002-See Also Appendix A

for Statewide Map)
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organizations can be obtained from the State Board of Water and Soil Resources at its Web site
(http://www.bwsr.state.mn.us/)

Another primary watershed mapping unit for Minnesota waters is based on MPCA’s ecoregion
concept. These are geographic areas reflective of similar ecological character assembled to define
causative factors for water behavior. Figure 2.10 illustrates the ecoregions as they are mapped for
the state. Although not universally true, waters within each ecoregion should generally be similar
in character, when all other factors (like rainfall, land use, and land cover) are similar. MPCA
uses these as basic planning units for setting water quality standards and evaluating water quality
variation. Keeping in mind the watershed and ecoregion within which water is being managed is
an important part in structuring an effective management approach for stormwater.

The variable ecology across the state can be presented in many different ways. Figure 2.11 is
one of those depictions from the DNR, but again it should be verified with local data when used
as a consideration in stormwater design.

4.2.3 Geology

The geologic variability across Minnesota is reflective of billions of years of igneous and sedi-
mentary history, plus geologically “recent” glaciation which is responsible for much of Minne-
sota’s vast natural beauty and abundance of water related resources. In most cases, the debris left
behind by the glaciers provides a thick cover between the land surface and the buried surface
of the underlying bedrock. In other cases, this

glacial material either by-passed a location
or has been eroded away, exposing bedrock [EGERLCPRYASICHTERG ELT ST

to material (and possibly pollution) that [ Rl N N L))

comes from the land surface.

Status of Soil Survey Digitizing
(SSURGO) in Minnesota
October 2005

Figures 2.12 and 2.13 are depictions of the
bedrock and surficial (Quaternary) geology,

www

respectively, within Minnesota. Manual us-

ers are referred to the Minnesota Geological h
Survey (MGS) Web site (http://www.geo. | SIREEE=tmr o

umn.edu/mgs ) for details on the geology s
ofthestate. | ] 1 -

4.2.4 Shallow Bedrock

In many portions of the state, bedrock oc-
curs at or near the surface. The “red rocks”
of the southwest, igneous intrusions along
the St. Croix River and North Shore, and
scattered sedimentary outcrops all around
the state present some challenges in storm-
water management because of their proxim-
ity to the surface. Among those difficulties
are a lack of soil depth for use of infiltration
techniques, structural impairment to best
management practice (BMP) installation [ @5 . . A

- SSURGO Certified
In Digital Review
s Initial or Update Survey in Progress
= Digitizing Planned
e
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and steep slopes. The stormwater management implications of shallow bedrock affect infiltration,
ponding depths, and the use of underground practices.

Figure 2.14 illustrates just one example of shallow bedrock along the North Shore. Again,
details can be obtained from the MGS or a reliable local source, such as the county or a local well
driller.

Table 2.4 Design Infiltration Rates

Hydrologic Infiltration - Corresponding Unified Soil
Soil Group Ratﬁc[)m%hey Soil Textures lassification
GW - Well-graded gravels, sandy
gravels
GP — Gap-graded or uniform gravels,
. Gravel, sandy gravel P-g g
1.6 : sandy gravels
and silty gravels . .
A GM - Silty gravels, silty sandy
gravels
SW - Well-graded, gravelly sands
0.8 Sand, loamy sand or SP - Gap-graded or uniform sands,
' sandy loam gravelly sands
0.6 Silt loam SM - Silty sands, silty gravelly sands
B MH — Micaceous silts, diatomaceous
0.3 Loam . .
silts, volcanic ash
ML - Silts, very fine sands, silty or
C 0.2 Sandy clay loam ey > stity
clayey fine sands
GC - Clayey gravels, clayey sandy
gravels
SC - Clayey sands, clayey gravelly
sands
. CL - Low plasticity clays, sandy or
Clay loam, silty clay : P y clay y
D <0.2 loam, sandy clay, silty silty clays
' ' ' OL - Organic silts and clays of low
clay or clay -
plasticity
CH - Highly plastic clays and sandy
clays
OH - Organic silts and clays of high
plasticity
* This rate is consistent with the infiltration rate provided for the lower end of the Hydrologic Soil Group A soils in the Wisconsin
Department of Natural Resources Conservation Practice Standard: Site Evaluation for Stormwater Infiltration.
Source: Thirty guidance manuals and many other stormwater references were reviewed to compile recommended infiltration
rates. All of these sources use the following studies as the basis for their recommended infiltration rates: (1) Rawls, Brakensiek
and Saxton (1982); (2) Rawls, Gimenez and Grossman (1998); (3) Bouwer and Rice (1984); and (4) Urban Hydrology for Small
Watersheds (NRCS). SWWD, 2005, provides field documented data that supports the proposed infiltration rates.
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4.2.5 Karst

Carbonate and possibly other forms of bedrock can erode or dissolve in a manner that opens up
pathways for movement of water into and through the rock. Such karst features, if sufficiently
close to the land surface or to a ground water flow pathway, can present an opportunity for
surface contaminants to enter the ground water system with very little or no treatment. This
has important implications with respect to geotechnical testing, infiltration, pre-treatment and
ponding of runoff.

Karst regions are predominantly found in the southeastern portion of the state, as shown in
Figure 2.15 by Alexander and Gao (2002). A statewide map of karst regions is shown in Appen-
dix A. These areas have important implications with respect to geotechnical testing, infiltration,
pretreatment and ponding of runoff. Figure 2.16 shows that caution must be used in interpreting
the geographic depiction of “Karst lands”. The figure shows the difference between a generalized
map (2.15) of active karst versus a county-scale map (2.16) of actual karstic features.

In karst settings where active karstic conditions (within 50 feet of the surface) are known to
exist, additional constraints and considerations need to be evaluated prior to implementing most
structural BMPs. Of particular concern in karst settings is the formation of sinkholes as a result
of hydraulic head build up and/or dissolution of rock present underneath or adjacent to BMPs.
Concerns also exist for ground water flow interruption, interflow and recharge particularly as it
relates to stormwater facility, location, and size and the relationship of ground water to surface
water. Where Kkarst conditions exist, there are no prescriptive rules of thumb or universally ac-
cepted management approaches because of the variability intrinsic to karst terrain. An adaptation
of a familiar old saying is very appropriate: the only thing predictable about the behavior of water
in a karst system is its unpredictability.

In general when underlying karst is known or even suspected to be present at the site, stormwa-

Figure 2.18 Anoka Sand Plain (Source: Figure 2.19 Minnesota Elevation
Adapted from DNR) Schematic (Source: Adapted from MGS)
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ter runoff should not be concentrated and discharged into known sinkholes, but should rather be
dispersed, or soaked into the ground after adequate pre-treatment, or conveyed to a collection and
transmission system away from the area. In other cases, it may be impossible to remove water
from an area with sinkholes or away from karst geology, so common sense clean-up of the water
and discharge into the karstic area is a reasonable management approach, especially if some
filtering soil is available between the land surface and the karst formation.

More in-depth discussion of karst occurs in the Chapter 10 discussion of special stormwater
management approaches and in Chapter 13.

4.2.6 Soils

One of the first steps in the selection of BMPs is an assessment of the type of soils present on a site
and the inherent ability of those soils to soak-up water. Soils are extremely variable throughout
the state, but fortunately good information on local soil conditions is usually available. Details on
surficial soils (generally to a depth of about six feet) are contained in county soil surveys, which
are available from the U.S. Department of Agriculture’s Natural Resource Conservation Service
(NRCS). Soil surveys for much of the state have been digitized to make electronic use practical.
Figure 2.17 shows the early 2005 status of the digitizing effort. Note, however, that these surveys
are not accurate enough to determine site specific characteristics suitable for many BMP applica-
tions, so a detailed site analysis is recommended. The primary reason for this is that soils can vary
substantially with depth, and the county soil surveys depict only surficial mapped units.

4.2.7 Limited Infiltration Capacity

Soils with low infiltration capacity are
found throughout the state. On a local

Fi 2.20 Mi ta Land Use (f DNR, .
o innesota Land Use (from scale the absence of good soils that can

1990 Statewide and Metropolitan Council, ' ;
2000 Metro Area) absorb runoff (i.e., infiltrate) can be a

major detriment to good stormwater
management.  Stormwater manage-
ment limitations in areas with “tight”

= et D soils generally preclude large-scale
R infiltration and ground water recharge
W (infiltration that passes into the ground

water system). These soils will typi-
E : cally be categorized under Hydrologic
L3 ; Soil Group (HSG) D and have other

,_""?T:f i s characteristics as shown in Table 2.4.

; “‘; oS : - bovome The infiltration rates noted in this table

[ 8 SR SR L g i o i are conservative estimates of long-term,

ol L -y -"?,f..-_ﬂ s sustainable infiltration rates that have
i - S — been documented in Minnesota. They

ol iRy .3 B un are based on in-situ measurement within

. __-I;_ = 7 existing infiltration practices in Min-

nesota, rather than national numbers or
rates based on laboratory columns.

Use of HSG C or D soils for BMPs




Go to Table of Contents

CHAPTER 2. STORMWATER AND THE MINNESOTA PERSPECTIVE 83

that rely on infiltration is generally not recommended unless a pre-development condition is
trying to be simulated. That is, these soils can certainly be used in a system that relies only on a
small amount of infiltration similar to the small amount that inherently exists on site. If a man-
ager wants to match pre-development volume for all soils, it is apparent that D soils will continue
to yield low infiltration. More details on these systems are found in the Chapter 6 and Chapter 12
discussions of BMPs. Pre-development condition is defined in Table 10.1.

4.2.8 Rapidly Infiltrating Soils

On the opposite side of the infiltration spectrum are those soils that rapidly infiltrate water from
the surface. Soils with large percentages of sand and separate from the water table transmit wa-
ter very quickly and might work extremely well for infiltration practices provided precautions
are taken to protect the ground water from the introduction of polluting materials. The level
of treatment in sandy soils is quite variable. Although the sands can act similar to a sand filter
for particulate material, soluble pollutants generally move through the soil quite rapidly and
unattenuated. Figure 2.18 shows an example of a large-scale sandy soil condition in the Anoka
Sand Plain. Similar large expanses of sandy soils exist elsewhere in Minnesota and should be
recognized when planning a BMP strategy.

4.2.9 Topography

The elevation and topographical changes evident in Minnesota also present variable challenges to
local stormwater managers. For example, the steep slopes along the North Shore and along many
major river banks requires a far different approach than those practices where a deep soil cover
exists on a flat plain or slowly rolling hills. Figure 2.19 illustrates the state variation in elevation,
but again, local attention is required when information on slope, topography and physiographic
character is part of the stormwater management deliberation.

4.3. Cultural Features

Most of the cultural variation in the state relates to the land uses that have developed. Figure 2.20
illustrates the statewide differences in land use that have resulted as the state developed over the
past 100+ years. Although the major focus of this Manual is on urbanized land uses, many urban-
izing type activities, such as road building, transcend a single land use and apply throughout the
state. Also in many cases urbanization occurs on land that was previously altered by agricultural,
silvicultural, or pre-development activity.

5. How This Manual Will Help

The above scenario points out the many challenges faced as Minnesota develops, but there is a
positive side. The citizens of Minnesota long ago realized the potential for worsening water qual-
ity as the state grew. The solution they discovered was not to stop growth, but rather to plan for
how it happens and to institute protective actions to prevent many of the negative impacts. It is
virtually impossible to prevent all negative impacts, but there is a realistic expectation that efforts
to minimize the impact should occur. This is the basis for the stormwater regulatory program in
place in the state.

There are also many new and ever-evolving ways to manage the runoff and eliminate some of
the pollution associated with it. These best management practices are proven effective measures
that are readily available in both structural and non-structural ways. There are no “best” solutions
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that apply universally to all situations across the state. There are best solutions that can be chosen
for specific applications to solve specific problems, hence the name pbest management practice.

The Minnesota Stormwater Manual provides insight for Minnesota stormwater managers on
the nature of the stormwater problem in the state, as well as guidance on how to manage it using
many available tools. We do not have to accept the situation portrayed in Figure 2.3, for example;
instead, we can protect our valuable receiving waters through a reasonable set of practices ap-
plied equitably across the state. This is a major objective of this Manual.

6. General Principles for Stormwater Management

Awareness of the potential for pollution of Minnesota’s water is an important beginning, but
action must follow. A performance based approach to action means that a management plan is
put together focused on achieving or maintaining a certain goal. The methods used to achieve
the goal are not entirely prescriptive. This allows the stormwater manager the flexibility to be
innovative.

There are several principles consistent with integrated stormwater management and the treat-
ment train approach that this Manual uses to promote proper runoff management. They are:

» Think watershed by evaluating where the water from your land comes from and where it
will go when it leaves.

* Preventing the potential for a pollutant to be washed-off is always the first step in a treat-
ment train approach to runoff management.

* Unless there is a good reason not to, such as a source of toxic material in the watershed, try
to soak in as much water as possible - the treatment train (Figure 1.1) starts here.

» Don’t forget that winter is a season in Minnesota and that all of that snow will eventually
melt and need to be managed.

» A vegetative cover is always better than bare soil, and native vegetation is always better
than decorative grass.

» The less active management a BMP requires to properly operate, the better.

+ Simple is okay. Performance based means the outcome is important, not necessarily the
complexity of the BMP(s).

» Thoughtful design and sound construction can reduce the level of maintenance required for
effective operation and performance of BMPs.

* Proper maintenance will prolong the life and sustain an optimum level of pollution removal
from a BMP.

 Each site in Minnesota requires its own unigue characterization to best address its storm-
water management needs and coordination with all affected parties is essential to success.

» Management designs should consider all impacts, including secondary environmental fac-
tors, health and human safety, maintenance, and financial burden.
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Chapter 3

Integrated Stormwater Management

This chapter provides a definition of “Integrated Stormwater Management” and discusses its
multi-faceted approach. It discusses rate and volume control, ground water and surface water
interaction, pollution prevention, and the definition of “BMP.”

1. What Is Integrated Stormwater Management?

Integrated stormwater management is simply thinking about all of the factors that somehow affect
precipitation as it moves from the land surface to an eventual receiving water. It is the process
of accounting for all of these factors (e.g. rate, volume, quality, ground water impact) in a logical
process so that inadvertent mistakes are not made that could eventually harm a resource. The
treatment train approach to runoff management mimics the sequence as the stormwater manager
looks at the runoff problem and determines how best to address it, starting with the most basic of
questions and increasing in complexity only if needed, since simple methods of management are
often the most practical. A regulator might view it as a check to see if a simple approach could
replace something more complicated and expensive.

1.1. Project Scope

The first step in integrated stormwater management is determining the scope of the project and
the likely solutions that will be needed. If on-site, simple practices will solve the problem, a
non- or minimum-structural approach can be pursued. If problems extend off-site and impact a
major regional water body, then a broader scale will need to be pursued and commensurate BMPs
chosen.

The decisions will always be influenced by the regulatory requirements associated with the
action. That is, a project that creates new impervious surfaces over one acre or is part of a com-
mon plan of development will need to comply with the requirements of the State’s Construction
General Permit. Additional local or watershed requirements may also be required (Chapter 5).
Retrofits or actions not creating new impervious area can introduce creative or innovative solu-
tions, such as supplemental sub-grade infiltration, proprietary filters or wetland polishing. Note
that these can also be part of the regulated treatment train.

86
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Integrated Stormwater Design Principles
(Source: Center for Watershed Protection)

Effective stormwater practices are integrated into the urban landscape to improve their function and perfor-
mance. Twelve principles that help define the successful integration of a stormwater practice in the landscape
include:

1. Provides Reliable Pollutant Removal Performance. The practice should be sized so that it captures suffi-
cient volume of runoff and employs a sequence of pollutant removal mechanisms via a treatment train approach
to maximize the removal of key pollutants of concern.

2. Mimics Pre-development Hydrology. The practice should operate in a manner so as to replicate pre-devel-
opment hydrology for a range of storm events such that it safely recharges ground water, protects downstream
channels and reduces off-site flood damage.

3. Integrates the Practice into Overall Site Design. The overall design of the site should support the func-
tion and performance of the practice, by minimizing or disconnecting impervious cover, implementing source
controls, and utilizing better site design practices that reduce the quantity and adverse quality effects of runoff
generated by the site.

4. Has a Sustainable Maintenance Burden. Both routine and long—term maintenance tasks should be care-
fully considered throughout the design process to reduce life cycle maintenance costs and promote longevity
of the practice.

5. Is Accepted by the Public. The practice should be viewed as an attractive community amenity by adjacent
residents or business owners, as measured by interviews, surveys, testimonials, increased property values and
other yardsticks.

6. Creates Attractive Landscape Features. The practice should be an integrated practice designed to be
highly visible within the site and serve as an attractive and inviting landscape feature.

7. Confers Multiple Community Benefits. An integrated practice should also contribute to other community
benefits such as promoting neighborhood revitalization, expanding recreational opportunities, and educating
residents about stormwater.

8. Creatively Uses Vegetation. An integrated practice not only greens up the site, but also uses vegetation to
effectively promote cooling, shading, screening, habitat and enhanced pollutant removal functions. The design
should also explicitly consider how vegetation will be managed over time to maintain functions and minimize
maintenance costs.

9. Provides a Model for Future Improvement. An integrated practice is inspected, evaluated, or monitored
so that lessons can be learned to improve the performance and integrate future designs.

10. Realizes Additional Environmental Benefits. The design of an integrated practice maximizes other envi-
ronmental benefits at the site, such as the creation of aquatic or terrestrial habitat, protection of existing natural
areas, reduction of urban heat island effects and other urban amenities.

11. Reduces Infrastructure Costs. An integrated practice reduces the amount of paving, curbs, storm drain
pipes and other infrastructure that would have otherwise been employed in a traditional stormwater practice
design within the community.

12. Acceptable Life Cycle Costs. An integrated practice will not result in high life cycle costs over its useful
life.
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1.2. Watershed Approach

Minnesota has a long-standing tradition of approaching water management on a watershed
system basis. Landmark legislation in the state has mandated watershed-based planning and
management for over 50 years. Figure 2.8 from the previous chapter illustrated the large-scale
watersheds within the state, but local or watershed agencies should be contacted to obtain fine-
scale watershed boundaries, even on a parcel-by-parcel basis.

For every project, the question that should always be asked is “Where does water come from
that enters my site and where does it ultimately go when it leaves?” This single question becomes
the basis for a future management approach. For example, if the water leaving the site discharges
to a trout stream rather than a lake, a different set of BMPs that focuses on temperature control
rather than phosphorus removal will be pursued. Proper operation of the watershed as a “system”
should always be part of a stormwater manager’s thought process.

1.3. Use and Restoration of Natural Resources

The occurrence of natural features, such as wetlands, forest, natural drainage features, original
topography, undisturbed soils, and open space on a site should be viewed as a positive thing.
These features can be preserved to minimize the impact of development, used as an integral part
of the treatment train, or even enhanced to improve site hydrology or the quality of runoff leaving
the site.

Many of the basic tenets of “low impact development,” “better site design,” and “sustainable
development” are rooted in the preservation, restoration and enhancement of the natural drain-
age system. Following this approach can lead to cost savings, as well as added environmental
protection.

1.4. Water Quantity and Quality

Integrated stormwater management requires a complete look at both the movement and content
of runoff water. Focusing exclusively on one or the other might meet a specific regulatory re-
quirement, but will not result in effective overall stormwater management. Discussion of the
quality impacts occurred in Chapter 2 and will not be repeated here. However further discussion
of quantity impacts is warranted.

1.5. Rate and Volume Control

In its early stages, stormwater management was primarily concerned only with quantity control.
Urban hydrology techniques focused mostly on peak flow rate control and addressed volume in
terms of flood control. The standard approaches for rate control have been greatly refined over
the years, with more attention on mimicking pre-development or natural conditions (See discus-
sion in Chapter 10). Volume control, on the other hand, has been something more difficult to
achieve. The following section addresses the techniques that should be considered when a need
exists to address stormwater quantity leaving a site.

1.5.1 Rate Reduction Techniques

In the past, rate control was primarily used to prevent downstream flooding. Relying solely on
rate reduction for stormwater control led to many system failures as volume and quality factors
were left uncontrolled. Although not universally true, advancement in the state of the art for rate



Go to Table of Contents

CHAPTER 3. INTEGRATED STORMWATER MANAGEMENT 89

control practices generally came about as urbanization increased and greater protection from
water leaving these largely impervious places was needed.

Chapters within this Manual take the stormwater manager beyond flood protection to hydro-
graph-frequency matching, downstream channel protection and control techniques designed to
maximize water quality improvement from the commonly occurring events that account for most
of the runoff. Reference to this chapter and Chapters 4, 8, 9 and 10, as well as Issue Papers B, D,
E, F, and G, found in Appendix J, provides some insight to the reasons for rate control and tools
available to accomplish it.

1.5.2 Volume Reduction Techniques

The importances of volume reduction become apparent as more and more urban surfaces devel-
oped and more stormwater overwhelmed receiving waters. Clearly stormwater management
needs to include volume control.

The term volume reduction can be easily confused with infiltration. One does not, however,
necessarily equate to the other. There are many additional techniques and BMPs that can be
applied to yield volume reductions.

Any technique that soaks water into the ground, makes water available for evaporation and/or
transpiration, stores water for re-use, or in any way diverts stormwater away from the drainage
system can be considered a volume reduction practice. Infiltration is certainly one of these prac-
tices, but it is only one of many. In circumstances where soils are too tight or where infiltration
would endanger ground water, alternatives are available (Table 3.1) to reduce volume.

The following categorical methods for volume reduction, while certainly not all-inclusive, can
provide some ideas for how a stormwater manager could reduce the volume of runoff leaving a
parcel of land. The specific BMPs that use these methods are discussed in Chapter 6 and Chapter
12.

A. Infiltration

The most commonly used method to reduce site volume is to soak it into the soil. The result of
this action is a direct reduction in volume running off of the land surface. The biggest require-
ment for use of infiltration is the ability of the soil and the shallow ground water system to accept
the water.

The distinction between infiltration and recharge is a narrow one that can usually be ignored.
Commonly, infiltration is the process of soaking water into the ground, while recharge is the
movement of water into the ground water system. Recharge occurs to both shallow and deep
ground water systems.

Low impact development (LID), better site design (BSD), sustainable development, and other
terms (see Chapter 4) are all variations of an approach that mimics natural conditions by soaking
water into the ground close to where it falls. Use of these methods along with reduction of im-
pervious areas reduces overall runoff volume and may be a component in many, but certainly not
all runoff management plans. Reduction of connected impervious area and retention of natural
drainage patterns and surfaces are the heart of these methods. Chapters 12 and 13 address the
caution that should be followed whenever infiltration is used as a management technique.
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B. Evapotranspiration

The combined process of evaporating and/or transpiring (vegetative uptake and release of water)
is called evapotranspiration or simply “ET.” This process typically results whenever water is
held in storage (evaporation, or sublimation of snow in the winter) and allowed to be taken up
by roots and released through leaves (transpiration). In areas with tight soils, holding water in
wetlands, depressions, swales or any similar land feature that exposes water to the air will result
in evaporation of that water. In addition, allowing it to come in contact with roots either in
standing water (wetland) or by soaking into the root zone, will yield volume reduction through
transpiration. In fact, this and reforestation can be used as stormwater management techniques.

Where soils provide a constraint, under-drains can provide a means through which water can
be routed through the root zone for root uptake, but excess can be captured after filtration and
drained to a collection system. This option results in some net reduction in volume and adds
filtration as a supplemental treatment. Many bioretention treatment techniques take advantage
of this method of volume reduction.

The combined infiltration plus ET rates for Minnesota can vary across the state from 11 inches
in the northeast to 23 inches in the south. The complex relationship among precipitation, runoff,
infiltration, and ET is discussed by Baker et al. (1979). They discuss the details and methods used
to divide the water that falls as precipitation into several categories reflective of where it ends up.
Obviously, routing water to areas where it can soak into the ground or to areas with vegetation
that can take it up through root action are two very good ways to reduce overall stormwater
volume if adequate space is available.

C. Storage

Retaining water somewhere along the path from where it falls to where it enters a drainage
system is another way to limit volume. Simple contained storage directly connected to buildings
or impervious areas are effective volume reducers and provide an opportunity for water re-use,
such as irrigation. A rain barrel, cistern, sub-grade storage device, or even a yard ornamental
pond can hold enough water to contain much of the volume coming from a home. A green roof
can reduce annual runoff by up to 75% because it soaks and stores water that falls on it, then
transpires it away.

Even a pond or a wetland can reduce overall volume because they provide a quiescent area
where water can collect and evaporate. Pan evaporation in Minnesota can reach as high as 40+
inches (Baker et al., 1979). This is possible even when rainfall is much less because water is
routed to these holding areas from a much larger watershed.

D. Conveyance

Getting rid of water was the common way to deal with stormwater before the results of that action
were realized. Rushing water to a drain pipe, then into a receiving water is now considered a
last resort. Using pervious approaches such as vegetated drainage swales and native grass filter
strips, in combination with check dams give water a chance to soak into the ground or be filtered
before it reaches a location where damage takes place. As with the practices above, volume
reduction is an outcome of exposing stormwater to a pervious surface even while it is moving.
See Chapter 12 for filtration and infiltration BMPs that would fit in this category.
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Table 3.1 Volume Reduction Practices
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storage systems

Process BMP* Comments Location in Manual
Includes such things
Low impact as reduced street and
development/better sidewalk width, less curb Chabter 4
site design/sustainable and gutter drainage, ~napler=
development scattered bioretention,
shared pavement
Must be properly
. engineered in adequate Chapter 12, Infiltration
Trench or basin e .
soils; proper maintenance BMPs
essential
Perforated sub-surface . . Chapter 12, Infiltration
o X Expensive but effective and
Infiltration pipes, tanks and space-saving Supplemental BMP

sections

Disconnected
imperviousness

Includes primarily rooftop
drains and roadway/parking
surfaces

Chapter 12, Runoff
Volume Minimization

Pervious (porous)
pavement

Includes a number of
paving and block methods,
or simple parking on
reinforced grassed surfaces

Chapter 12, Runoff
Volume Minimization

Bioretention (if contains
infiltration element)

Some bioretention facilities
are designed to infiltrate

Chapter 12,
Bioretention BMPs

Evapotranspiration

Bioretention (rain
gardens)

Exposes runoff water to
plant roots for uptake; can
be under-drained and still

effective

Chapter 12,
Bioretention BMPs

Vegetated swales

Provides water a chance to
soak into the ground and be
filtered as it flows

Chapter 12, Filtration
BMPs

Wetland/pond storage

Combination of standing
water surface and
vegetative root exposure
yields volume reductions

Chapter 12, Ponds and
Wetland BMP sections

Vegetated drainage
corridor

Connecting numerous
features increases
opportunities

Chapter 4

Recessed road/parking
drainage

Routing paved surface
runoff to vegetated sump
areas keeps it out of
receiving waters

Chapter 12
Bioretention BMPs
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E. Landscaping

Many of the previous practices could also be included in a general category that stresses the
importance of stable landscapes with native vegetation. In many respects, this is LID/BSD with
an added emphasis on structuring the land surface to handle moving water from impervious
surfaces. Routing water to low-lying (sump) areas where it can soak in, placing planter boxes or
grated inlets for watering trees, and contouring slopes to reduce runoff velocity are all variations

on the landscaping theme.

Tying low impact drainage features together via corridors or designed natural treatment trains
can further enhance overall site volume reduction by creating a string of reduction possibilities.

Table 3.1 Volume Reduction Practices

MINNESOTA STORMWATER MANUAL

Process

BMP*

Comments

Location in Manual

Storage

Rain barrel/cistern

Small-scale runoff collectors
keep water around for later
re-use or slow release

Chapter 12, Runoff
Volume Minimization

Rooftop (green roof)

Storage on a roof prevents
water from leaving the site;
combining with vegetation
(engineered green roof)
makes it even better

Chapter 12, Runoff
Volume Minimization

Wetland/pond storage

Combination of standing
water surface and vegetative
root exposure yields dra-
matic volume reductions

Chapter 12, Pond and
Wetland BMP sections

Conveyance

Vegetated swale

Provides water a chance to
soak into the ground and
be filtered as it flows

Chapter 12, Biore-
tention BMPs

Filter strips/buffers

Variation on vegetated swale
with side slope protection

Chapter 12, Temporary

Construction Erosion
Control and Bioreten-
tion BMP sections

Landscaping

Low impact develop-
ment/better site design

Includes such things as
scattered bioretention,
shared pavement; native
or prairie plantings

Chapter 4

Bioretention (rain
gardens)

Exposes runoff water to plant
roots for uptake; can be under-
drained and still effective

Chapter 12, Biore-
tention BMPs

*Note that some BMPs occur in more than one reduction practice




Go to Table of Contents

CHAPTER 3. INTEGRATED STORMWATER MANAGEMENT 93

Safety can always be assured by placing an overflow or even an under-drain to capture any excess
flow and route it to the next BMP catchment area.

F. Cautions for Volume Control Techniques

As with all stormwater management techniques, some caution is advised when applying them
under certain circumstances. Following are some advisory cautions that would apply:

* Techniques using any infiltration should abide by the cautionary statements made in the
Chapter 12 guidance sheet for infiltration practices and avoid such things as introduction
of runoff from potential stormwater hotspots and use of infiltration practices that could
influence drinking water wells.

* Ahydrologic analysis should be  undertaken to determine the impact of excessive water
(flooding) on the installation; that is, where excess water would go and any problems that
would result. Similarly, an assessment should be done on whether additional ground water
volume is likely to cause any local problems, for example with flooded basements.

 Evapotranspiration values go down dramatically in the cold weather. Consideration is
needed on how this may impact operation assumptions for installation.

» Chapter 6 contains mosquito breeding cautions and recommendations for minimization of
mosquito breeding habitat for any system in Minnesota that results in standing water.

G. List of Volume Reduction BMPs

Table 3.1 lists many, but not all, BMPs that can be used to reduce overall runoff volume. Refer-
ence is made in the table to a more complete description of the BMP later in this Manual.

1.6. The Interaction Between Ground Water and Surface Water

Integrated stormwater management often takes advantage of the interaction that takes place
between ground water and surface water. For example, the slow infiltration and movement of
surface water into the shallow ground water system results in peak and volume reduction, fil-
tration through cleansing soil and continuation of baseflow to streams. Although stormwater
management is often interpreted as a surface water program, many of the BMPs identified in this
Manual rely on the ground water system to make them effective. Infiltration BMPs, for example,
rely on the soil’s capacity to soak in water and transmit it downward to the ground water system.
Soil cleansing via filtration, adsorption and microbial uptake can be a very effective removal
process for some of the more difficult to treat runoff pollutants.

For the above reason, there must be caution used when pollution is “removed” through a
system that affects ground water. For example, although soil adsorption is an effective scavenger
of some soluble pollutants, one could argue that the introduction of chloride-laden water into any
system that discharges to the ground is merely trading pollution in one water for another. The
same could be said for ground water pump-outs that discharge contaminated ground water into
any surface water or onto any land surface.

The Manual will note several instances when the interaction between ground water and surface
water could be problematic. Specific cautions are raised in Chapter 13 for active karst areas and
other shallow or fractured bedrock, high ground water table, tight soils, source water (wellhead)
protection areas, and potential stormwater hotspots (PSHS).
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1.7. Pollution Prevention

The old adage “An ounce of prevention is worth a pound of cure” is never more appropriate than
when used to describe integrated stormwater management. All of the previous elements have de-
scribed the physical processes involved, but preventing pollution from coming into contact with
runoff is a common sense element. A fact sheet presented in Chapter 12 describes some of the
ways in which pollution prevention can be formalized, but keeping in mind the simple separation
of runoff and those materials that cause pollution, such as oil, fertilizer, salt and sediment, will go
a long way toward controlling urban pollution problems at a very low cost.

Pollution prevention methods are far too numerous to cover in their entirety, but include such
common-sense practices as keeping yard and animal waste off of impervious surfaces, preventing
soil erosion at all construction sites, disposing of household products properly, repairing leaky
automotive parts, and careful storage and use of any polluting chemicals. Following these simple
precautions can make a dramatic difference in the type and amount of polluting material available
for wash-off or aerial mobilization.

2. Non-Structural vs. Structural BMPs

The selection of a proper management approach is a key factor in the success of an integrated
stormwater management approach. Knowing which BMP(s) to apply under certain conditions
could make the difference between success and failure, or between a low-cost and high-cost
project. As pointed out in the principles listed in Chapter 2, the simpler the approach to an effec-
tive solution, the better.

The definition of BMP can vary significantly depending upon the individual or entity. While
some only use BMP to define a practice that improves water quality, this Manual uses the term
for both quantity and quality. That is, Chapter 12 includes many BMPs that reduce runoff rate
or volume, but might have little direct effect on water quality. For example, dry ponds reduce
runoff volume by allowing infiltration to occur as water flows and temporarily accumulates over
a vegetated pervious layer. Some water quality improvement certainly occurs as the volume of
water, and hence the load of any pollutant it carries, is decreased. However, dry ponds are not
recognized by the MPCA as a water quality BMP because settled material is easily resuspended
when the next big flow occurs.

Chapters 4, 6, 7, and 12 all contain discussion of BMPs, techniques for runoff management
and selection criteria. These are all tools to assist with choosing structural or non-structural
approaches. This Manual does not contain many additional non-structural practices that could
be considered as institutional management approaches. Details on such things as zoning, ordi-
nances, plan and permit review, public education, training, and others are not contained in this
Manual. However, they have been referenced throughout with links often included if the user
would like further information. The Manual is designed to present physical BMPs only to keep
the scope manageable

3. Link to Better Site Design

More detail on integrated stormwater management is part of the discussion in Chapter 4 on better
site design. Better site design is used as an all-inclusive term that includes low impact develop-
ment, sustainable development, design with nature or any other approach to consistent with the
treatment train design philosophy.
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Chapter 4

Better Site Design / Low Impact
Development

This chapter provides guidance to designers on how to plan and apply better site design practices
at new development projects, including a series of techniques that reduce impervious cover, con-
serve natural areas, and use pervious areas to more effectively treat stormwater runoff.

1. Introduction

This chapter provides guidance to designers on how to plan and apply better site design practices
at new development sites. Better site design includes a series of techniques that reduce impervious
cover, conserve natural areas, and use pervious areas to more effectively treat stormwater runoff
(Center for Watershed Protection, 1998a) and promote the treatment train approach to runoff
management. The goal of better site design is to reduce runoff volume and mitigate site impacts
when decisions are being made about proposed layout of a development site. These techniques
are known by many different names, such as low impact development (LID), design with nature,
sustainable development, sustainable site design (for LEED certification) and conservation de-
sign (See “Which Term Do I Use” sidebar). Better site design techniques have been promoted
in earlier state and regional stormwater manuals (MPCA, 2002 and Metropolitan Council 2001).
As always, state and local regulations and design standards should be checked to assure that all
requirements have been met.

When applied early in the design and layout process, better site design techniques can sharply
reduce stormwater runoff and pollutants generated at a development site, and also reduce the
size and cost of both the stormwater conveyance system and stormwater management practices
(Center for Watershed Protection, 1998b).

More than a dozen different better site design techniques can be applied early in the design
process at development sites. While not all of the better site design techniques will apply to
every development site, the goal is to apply as many of them as possible to maximize stormwater
reduction benefits, as shown below and discussed further in Chapter 12:

* Preserving Natural Areas
» Natural Area Conservation*
» Site Reforestation™

96
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» Stream and Shoreline Buffers*
» Open Space Design

+ Disconnecting and Distributing Runoff
» Soil Compost Amendments

» Disconnection of Surface Impervious Cover*

» Rooftop Disconnection™®
» QGrass Channels*
» Stormwater Landscaping
* Reducing Impervious Cover in Site Design
» Narrower Streets
» Slimmer Sidewalks
» Smaller Cul-de-sacs
» Shorter Driveways
» Smaller Parking Lots

*Better site design techniques denoted by an asterisk above may be worked into a program for
stormwater credit which reduces the water quality volume that must be treated at a site. More
information on how to compute stormwater credits can be found in Chapter 11 of this Manual.

Chapter 12 contains a series of “Fact Sheets” that describe various better site design/low impact
development BMP approaches. Please refer to the Chapter 12-FACT section for more in-depth
discussion of these techniques can be applied in different situations; specifically, an Overview,
Residential Streets and Parking Lots, Highways and Roads, Lot Development and Conservation

of Natural Areas.

2. Preserving Natural Areas

From a stormwater standpoint, it is desirable to maintain as much natural vegetative cover such
as forest, prairie or wetland as possible. Natural areas generate the least amount of stormwater

Figure 4.1 Residential Subdivision lllustrating
Preservation of Undisturbed Natural Areas
(Source: Arendt, 1997).

P I et

runoff and pollutant loads and establish
and maintain the desired pre-development
hydrology for the site. One of the first steps
in the site planning involves identifying,
conserving and restoring natural areas pres-
ent at the development site. The overall
strategy is to maximize natural area conser-
vation beyond what is required under local
or state resource requirements. Normally,
an inventory of natural areas is conducted
at the site, along with an assessment of po-
tential areas for reforestation or restoration.
Next, designers modify the layout of the
development project to take advantage of
natural features, preserve the most sensitive
areas, and mitigate any stormwater impacts.
Open space design is one of the most effec-
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tive better site design techniques for preserving natural areas at residential sites without losing

developable lots.

2.1. Natural Area Conservation

Natural area conservation protects natural resources and environmental features that help maintain
the pre-development hydrology of a site by reducing runoff and promoting infiltration (Figure
4.1). Examples include any undisturbed vegetation preserved at the development site, such as
forests, prairies, and riparian areas, ridge tops and steep slopes, and stream, wetland and shoreline
buffers. Designers should also place a particular priority on preserving natural drainage path-

WHICH TERM DO | USE?

T.nw Impact Dwammm?*,
“ (LID) /

Principals: e B
- Minimize disturbance
- Reduce runcff
= Increase infiltration
- Filter, adsorb pollutants
- Retain natural drainage
- Minimize imperviousness

Better Site Design
(BSD)
- “~__Site Design)

- S

y

Conservation Design | |

Design with Nature

Although the developers of the concepts noted above all thought their
idea for naming a concept was best, with all due respect to each and
every one of these pioneers, they all basically represent the same
thing.

The principals noted in the box are common to each of the descrip-
tions provided by the concept authors. The Minnesota Stormwater
Manual chose to present the concept as “Better Site Design” because
the Center for Watershed Protection helped to write the Manual and
they prefer the BSD term — the principles, however, remain the same
as the others. Occasionally the LID term is used and should be con-
sidered interchangeable with BSD in the context of this Manual.

The Chapter 4 and 12 narratives, as well as the entire treatment train
design concept contained in this Manual, could just as easily have
been named one of the other terms above; the content would not
have changed.

So please feel free to use your favorite term and interchange it as you
please when using this Manual. We think the pioneers would still be
proud that their concepts are accepted today as state-of-the-art!

(Sustainable Dem‘lupmani'-
. (LEED Sustainable

ways, intermittent and peren-
nial streams, and floodplains
and their associated wetlands.
Buildings and roads should be
located around the natural to-
pography and drainage so as to
avoid unnecessary disturbance
of vegetation, soils and natural
drainage ways.

The undisturbed soils and
vegetation of natural areas
promote infiltration, runoff
filtering and direct uptake of
pollutants. Forested areas in-
tercept rainfall in their canopy,
reducing the amount of rain
that reaches the ground. Veg-
etation also pumps soil water
back into the atmosphere
which increases storage avail-
able in the soil. Native veg-
etation also prevents erosion
by stabilizing soil, filtering
sediment and pollutants from
runoff, and nutrient uptake.
Preserving natural areas cre-
ates many economic benefits
including decreased heating
and cooling costs, higher
property values and improved
habitat (Cappiella, 2005).
Generally a natural grassland
area would have to be five
acres or larger to approach
full ecological function, and a
forested site would have to be
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in the range of 20-40 acres (DNR written
correspondence, 2005).

Two resource tools for identifying
natural forest or prairie areas include native
plant community and biodiversity site poly-
gons form the DNR Data Deli and natural
element occurrences from the Natural
Heritage Information System. Native plant
communities can also be identified using
the DNR plant community keys: Minne-
sota Department of Natural Resources |,
2003; Minnesota Department of Natural
Resources , 2005; Minnesota Department
of Natural Resources , 2006. These guides
also provide information on plant species to
include in restoration efforts.

Figure 4.2 Potential Planting Areas at a
Development Site (Source: Cappiella et al.,

2.2. Site Reforestation or
Restoration

Site reforestation involves planting trees on existing turf or barren ground at a development site
with the goal of establishing a mature forest canopy that can intercept rainfall, maximize infiltra-
tion and increase evapotranspiration (Figure 4.2). In some parts of the state, prairie is the desired
vegetative community, and prairie restoration can provide similar hydrological benefits.

Reforestation is accomplished through active replanting or natural regeneration of forest cover.
Cappiella (2005) reviewed a range of research that demonstrated the runoff reduction benefits
associated with forest cover compared to turf cover. The benefits include reduced annual runoff
volumes, higher rates of infiltration, reduced soil erosion, and greater uptake removal of storm-

Figure 4.3 Three-Zone Stream Buffer System (Source: Adapted from Schueler, 1995).
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water pollutants. Forest soils actively promote greater infiltration rates due to surface organic
matter and macro pores created by tree roots. Forests also intercept rainfall in their canopy,
reducing the amount of rain that reaches the ground and increasing potential water storage in
forest environments.

2.3. Stream and Shoreline Buffers

Many communities require buffers at development sites to provide a vegetative setback between
development and streams, lakes or wetlands. The portions of a site reserved for buffers can pres-
ent an excellent opportunity to practice better site design. The primary function of buffers is to
physically protect a stream, lake or wetland from future disturbance or encroachment; however,
with careful design they can also be used to capture and filter stormwater runoft from upland
areas of the site. To optimize stormwater treatment, the outer boundary of the buffer (Figure
4.3) should have a stormwater depression area and a grass filter strip. Runoff captured within
the stormwater depression is spread across a grass filter designed for sheet flow conditions, and
discharges to a wider forest or shrub buffer in the middle or streamside zones that can fully
infiltrate and/or further treat stormflows.

Buffers can provide many different environmental and economic benefits, including:
* Reduced small drainage problems and complaints
* Reduced risk of flood damage
* Reduced stream bank erosion

Figure 4.4 Conventional Subdivision (left) with 72 Lots, an Alternative Layout (center)
Using Open Space Design with the Same Number of Lots, and Another Alternative
Layout (right) Using Open Space Design with 66 Lots (Source Schueler, 1995)

COMSE R FATION
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* Increased adjacent property values

* Enhanced pollutant removal

* Location for greenways and trails

+ Sustained integrity of stream ecosystems and habitat

* Protection of wetlands associated with the stream corridor
* Prevention of disturbance of steep slopes

* Mitigation of stream warming

* Protection of important stream corridor habitat for wildlife

2.4. Open Space Design

Open space design is a form of residential development that concentrates lots in a compact area
of the site to allow for greater conservation of natural areas (Figure 4.4). Minimum lot sizes,
setbacks and frontage distances are relaxed so as to maintain the same number of dwelling units
at the site. This form of development may also be called cluster design or conservation design. If
open space design is available as an option under local zoning codes, it can be an excellent tool to
conserve more natural areas beyond the minimum required under local and state water resource
protection ordinances. Open space design can also be used to reduce or disconnect impervious
cover and provide for greater on-site stormwater treatment. The natural areas conserved are pro-
tected by easement and managed by a community or homeowners association.

Research has shown that open space designs can reduce overall site impervious cover com-
pared to conventional subdivisions, and command higher prices and more rapid sales, as well
(Zielinski, 2001). Other benefits include lower costs for grading, erosion control, stormwater and
site infrastructure, as well as greater land conservation without the loss of developable lots.

3. Disconnecting and Distributing Stormwater

A better site design strategy seeks to maximize the use of pervious areas at the site to help filter
and infiltrate runoff generated from impervious areas and to spread excess runoff from these sur-
faces over pervious areas. Most development sites have extensive areas of grass or landscaping
where runoff can be treated close to the source where it is generated. Designers should carefully
look at the site for pervious areas that might be used to disconnect or distribute runoff.

3.1. Compost and Amended Soils

Compost amended soils are used to recover soil porosity lost due to compaction as a result of
past construction, soil disturbance and ongoing human traffic. The amendment process seeks to
recover the porosity and bulk density of soils by incorporating soil amendments or conditioners
into the lawn, such as compost, top soil, lime and gypsum (McDonald, 1999).

Soils can also be amended through the addition of fibers for structural support to prevent
compaction, as well as the simple addition of sand to improve permeability or organic material
other than compost (e.g. peat).

Soils are the foundation for successful planting, and the water holding capacity of soils can
significantly reduce the volume of runoff from a site. What constitutes a “good” soil depends on
the purpose it is to serve. For example, if you are planting prairie plants a high organic content
in the soil is required. However, if you are planting Kentucky Bluegrass a lower organic content
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Figure 4.5 Examples of the Use of Landscaped Islands for Stormwater Treatment in a Suburban
Parking Lot (left), the Parking Lot of a Government Office Building (right top), and a Highly Urban
Parking Lot (right bottom)

Figure 4.6 Example of a Traditional Road Design (left) and a Road that was Narrowed Through the
Use of “Queuing” Lanes (right)
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soil can be used.

In addition to successful plant growth, soils can be engineered to improve water holding capac-
ity. The humus materials or compost created from the compost process has a water holding capac-
ity of up to 80 percent by weight. This quality is very significant when trying to decrease runoff
and increase filtration. On-site soils can be amended by incorporating compost into the soils or by
laying a one to three inch “blanket” of compost on top of the soils. Fiber amendments can assist
in maintaining soil structure even with heavy surface loads. The method chosen depends on site
characteristics and the purpose it is intended to serve, such as promoting infiltration or reducing
nutrient and sediment loading to surface waters. Additional discussion of compost amended soils
occurs in Chapter 12-FACT under Runoff Volume Minimization techniques.

3.2. Disconnection of Surface Impervious Cover

Surface disconnection spreads runoff from small parking lots, courtyards, driveways and side-
walks into adjacent pervious areas where it is filtered or infiltrated into the soil. Designers look
for areas of the site where flow can be diverted into turf, lawns or a vegetated filter strip. When
many small areas of impervious cover are disconnected from the storm drain system, the total
volume and rate of stormwater runoff can be sharply reduced. Disconnections may be restricted
based on the length, slope, and soil infiltration rate of the pervious area in order 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
vegetative filtering.

Figure 4.7 Sidewalk that Drains to Adjacent
3.3. Rooftop Disconnection Vegetation and Provides Common Walkways
Linking Pedestrian Areas

Disconnection of rooftops offers an excellent
opportunity to spread runoff over lawns and
other pervious areas where it can be filtered
and infiltrated. Downspout disconnection can
infiltrate runoff, reduce runoff velocity, and
remove pollutants. Alternately, downspouts
can be directed to a dry well, rain garden or
surface depression. The stormwater benefits
associated with rooftop disconnection can be
significant, particularly when residential lot
size is large and soils are relatively perme-
able. Note that building sub-drains generally
intercept water from entering a building and
do not lend themselves to the impervious
disconnection category.

3.3.1 Grass Channels

Curbs, gutters and storm drains are all designed to be hydraulically efficient in removing storm-
water from a site. However, they also increase peak runoff discharge, flow velocity, and pollutant
delivery to downstream waters. From a better site design perspective, grass channels are prefer-
able to curb and gutters as a conveyance system, where development density, topography, soils
and slopes permit their use. Grass channels provide on-site runoff storage, lower peak flows,
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reduce runoff velocities, and filter or infiltrate some portion of storm flows. While research has
indicated that grass channels cannot remove pollutants reliably enough to qualify as a BMP
(Winer, 2000), they have been shown to reduce runoff volumes during smaller storms when
compared to curbs and gutters.

3.4. Stormwater Landscaping

Traditionally, landscaping and stormwater management have been treated separately in site
planning. In recent years, engineers and landscape architects have discovered that integrating
stormwater into landscaping features can improve the function and quality of both. The basic
concept is to adjust the planting area to accept stormwater runoff from adjacent impervious areas
and utilize plant species adapted to the modified runoff regime (Table 4.1). Excellent guidance
on how to match plant species to stormwater conditions can be found in the MPCA publication
Plants for Stormwater Design: Species Selection for the Upper Midwest (Shaw and Schmidt,
2003) and in Cappiella et al. (2005).

A landscaping area may provide full or partial stormwater treatment, depending on site condi-
tions. An excellent example of the use of landscaping for full stormwater treatment is bioreten-
tion (Figure 4.5). In other cases, landscaping can provide supplemental treatment such as green
rooftops and stormwater planters. Even small areas of impervious cover should be directed into
landscaping areas since stormwater or melt water help to reduce irrigation needs. More specific
recommendations on the use of landscaping in BMP design can be found in Chapter 12 and
Appendix E.

4. Reducing Impervious Cover

This strategy relies on several techniques to reduce the total area of rooftops, parking lots, streets,
sidewalks and other types of impervious cover created at a development site. The basic approach
is to reduce each type of impervious cover by downsizing the required minimum geometry speci-
fied in current local codes, keeping in mind that there are minimum requirements that must be
met for fire, snowplow and school bus operation. Less impervious cover directly translates into
less stormwater runoff and pollutant loads generated at the site. In most communities, local codes
must be changed to allow the use of this group of better site design techniques.

4.1. Narrower Streets

Many communities require residential streets that are much wider than needed to support travel
lanes, on-street parking, and emergency access. Some communities currently require residential
streets as wide as 32 to 40 feet and which provide two parking lanes and two moving lanes
(Figure 4.6). Local experience has shown that residential streets can have pavement widths as
narrow as 22 to 26 feet, and still accommodate all access and parking needs (ITE, 1997). Even
narrower access streets or shared driveways can be used when only a handful of homes are served.
Narrower streets help reduce impervious cover and associated runoff and pollutant generation.
Significant cost savings occur in both road construction and maintenance. Narrower streets also
help reduce traffic speeds in residential neighborhoods which, in turn, improve pedestrian safety.
Snow stockpiles on narrow streets can be accommodated if parking is restricted to one side of
the street or alternated between the sides. Alternatively, the right-of-way may be used for snow
storage. Narrow snowplows are available. Snowplows with 8” width, mounted on a pick-up truck
are common. Some companies manufacture alternative plows on small bobcat-type machines.
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Figure 4.8 Turnaround options for residential streets (Source: Adapted from Schueler,

1995)
40 20 . P | Y
op°
40 ft cul-de sac with 30 ft radius 60 by 20 ft T-shaped Loop roag

Figure 4.9 Trees and Vegetation Planted in the Landscaped Island of a Cul-de-sac (left)
and a Loop Road (right)
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Figure 4.11 Center for Watershed Protection (1998) Comparative Analysis of Stonehill
Estates in the Pre-development Conditions (top), the Conventional Design (middie),
and the Open Space Design (bottom)
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4.2. Slimmer Sidewalks

Many communities require sidewalks that are excessively wide or are located adjacent to the
street where the pedestrians are at risk from vehicles. A better site design technique modifies the
width and location of sidewalks to promote safer pedestrian mobility (Figure 4.7). Impervious
cover is reduced when sidewalks are required on only one side of the street, reduced in width
and are located away from the street. Sidewalks can also be disconnected so they drain to lawns
or landscaping instead of the gutter and storm drain system. Slimmer sidewalks reduce and/or
disconnect impervious cover, and thus reduce the generation of runoff. Other benefits include
greater pedestrian safety, lower construction and maintenance costs, and reduced individual ho-
meowner responsibility for snow clearance.

4.3. Smaller Cul-de-Sacs

The large cul-de-sacs that enable vehicles to turn around at the end of a residential street provide
a great opportunity for better site design. Impervious cover can be reduced by minimizing the
diameter of residential street cul-de-sacs and incorporating landscaped areas into them. Many
communities require cul-de-sacs that have a greater diameter than needed to allow emergency
and large vehicles to adequately turn around. Alternatives to the traditional 80 foot diameter
cul-de-sac include 60 foot diameter cul-de-sacs, hammerhead turnarounds and loop roads (Figure
4.8). In addition, the inside of the turnaround can be landscaped as a bioretention area to further
reduce impervious cover and improve stormwater treatment. Trees and vegetation planted in
landscaped islands can be used to intercept rain water and treat stormwater runoff from sur-
rounding pavement (Figure 4.9). Each of these alternative turnaround options produces a more
attractive and safe environment for residents.

4.4. Shorter Driveways

Driveways present another opportunity to practice better site design. Most local codes contain
front yard setback requirements that dictate driveway length. In many communities, front yard
setbacks for certain residential zoning categories may extend 50 or 100 feet or even longer, which
increases driveway length well beyond what is needed for adequate parking and access to the
garage. Shorter setbacks reduce the length and impervious cover for individual driveways. In ad-
dition, driveway width can be reduced, and more permeable driveway surfaces allowed. Another
way to reduce impervious cover is to allow shared driveways that provide street access for up to
six homes (Figure 4.10). Shorter driveways help reduce infrastructure costs for developers since
they reduce the amount of paving or concrete needed.

4.5. Smaller Parking Lots

The parking lot is an excellent place to apply better site design. In many communities, parking
lots are over-sized and under-designed. Local parking and landscaping codes can be modified to
allow the following better site design techniques to be applied within parking lots:

* Minimize standard stall dimensions for regular spaces

* Provide compact car spaces

 Use of pervious pavement (asphalt, concrete, blocks, sand amendments)

* Incorporate efficient parking lanes

* Reduce minimum parking demand ratios for certain land use
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* Treat the parking demand ratio as a maximum limit

* Create stormwater “islands” in traffic islands or landscaping areas to treat runoff using
bioretention, filter strips or other practices

» Encourage shared parking arrangements

Smaller parking lots can sharply reduce impervious cover and provide more effective treat-
ment of stormwater pollutants. In addition, smaller parking lots reduce both up front construction
costs and long term operation and maintenance costs, as well as the size and cost of stormwater
practices. Parking lot landscaping makes the lot more attractive to customers, and promotes safety
for both vehicles and pedestrians. In addition, trees and other landscaping help screen adjacent
land uses, shade people and cars, reduce summertime temperatures and improve air quality and
bird habitat. Example wetlands to incorporate into large-scale commercial/institutional parking
lots are shown in Section VII.

5. The Benefits of Better Site Design

Several researchers have employed redesign comparisons to demonstrate the benefits of better
site design over a wide range of residential lot sizes and commercial applications. For example,
Center for Watershed Protection (1998b) demonstrated that better site design technigques could

Table 4.2 Comparison of Benefits Provided by Better Site Design Techniques *

Better Site Design Minimiz_es Preser\{es Low_ers Lowers Raises Prop-
Technique Land Dis- Vegetat_lon Capital O&M** erty Value
turbance & Habitat Costs Costs
Natural Area Conservation (] [ ] [ ] o ©
Site Reforestation ') Y O ® )
Stream and Shoreline Buffers Y ° ® ° ©
Open Space Design ) o o o ()
Soil Compost Amendments () () @) ()} O
Surface IC Disconnection ) © [ ] (D) O
Rooftop Disconnection ()} () [ } o ©
Grass Channels © © ( © ()
Stormwater Landscaping O [ J (@) © (]
Narrower Streets ) () o o ©
Slimmer Sidewalks © ()} [ ] o ©
Smaller Cul-de-sacs © © [ ] o ©
Shorter Driveways o © [ ] o ©
Smaller Parking Lots © © o o ©
Key:
@ = often provides indicated benefit
© = sometimes provides a modest benefit
O = does not provide benefit
*Comparison is intended for general purposes; and will vary on a site-by-site basis.
**O&M = Operation and Maintenance
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reduce impervious cover and stormwater runoff by 7 to 70%, depending on site conditions. Fig-
ure 4.11 illustrates a redesign analysis for a medium density residential subdivision. The analysis
suggested that better site design techniques could reduce impervious cover and annual runoff
volume by 24%, cut phosphorus loadings by half, and increase site infiltration by 55%, compared
to a traditional subdivision.

Each better site design technique provides environmental and economic benefits to both the
developer and the community at large. When techniques are applied together at a development
site, they can result in tangible savings for the developer in the form of:

» Reduced infrastructure costs (e.g., paving and piping)
* Reduced clearing and grading costs during construction
Smaller and less costly structural stormwater BMPs
* Faster sales and lease rates
+ Easier compliance with wetland and other resource protection regulations
» More land available for building since fewer structural BMPs are needed

Cost savings really start to add up when many better site design techniques are applied to-
gether. Research indicates that infrastructure savings alone can range from 5 to 65%, depending
on site conditions, lot size and the extent that better site design techniques are applied (Cappiella
et al, 2005; Center for Watershed Protection, 1998b; Liptan and Brown, 1996; Dreher and Price,
1994; and Maurer, 1996).

Better site design techniques continue to provide benefits to the community long after the
developer has sold the lots. Some examples of these benefits include:
» Reduced operation and maintenance costs for roads and stormwater system
* Increased property values for homes and businesses
* Increased open space available for recreation
* More pedestrian friendly neighborhoods
» Reduced annual cost for mowing

Table 4.3 Potential Members to Invite to a Roundtable

Planning Agency or Commission

Engineering Consultants

Department of Public Works

Homeowner Associations

Road or Highway Department

Chamber of Commerce

Developers Elected Officials
Land Trusts Urban Foresters
Realtors Site Plan Reviewers

Real Estate Lenders

Stormwater Management Authority

Civic Associations

Municipal Insurance

Fire Official

Watershed Organization

Health Department

Residents and Owners

Land Use Lawyers

State Agencies
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* More pleasing and attractive landscaping
* Improved air quality (more forest cover)
* Less temperature fluctuation from paved surfaces

Table 4.2 compares the economic and environmental benefits that can be expected for indi-
vidual better site design techniques.

6. Overcoming Barriers to Better Site Design

Despite the clear benefits of better site design techniques, it may be difficult to apply some of
them in many communities across the state at the present time. The primary reason is that the
geometry, location, and design of development projects is largely dictated by local subdivision
codes and zoning ordinances. In some cases, these codes discourage or even prohibit better site
design techniques. In other cases, development review authorities are hesitant to approve innova-
tive better site design techniques because of fears they may create real or perceived problems.
While potential barriers differ in every community, some frequently cited problems are that better
site design techniques may:

* Restrict access for fire trucks and emergency vehicles

* Increase future municipal maintenance costs

* Drive up construction costs

* Make it more difficult to plow snow

» Generate future problems or complaints (e.g. Inadequate parking, wet basements, etc.)
Interfere with existing utilities

These real or perceived local problems must be directly addressed in order to gain widespread
adoption of better site design techniques. Communities may also need to carefully reevaluate
their local codes and ordinances to overcome barriers to better site design. At the end of the
chapter there is an example of how better site design principles can be applied, in this case for
“big box” commercial design. This example shows how such features as bioretention, reduced
impervious area, and pervious pavement can be used.

An effective method for promoting code change is a local site planning roundtable (http://
www.cwp.org/site_planning.htm). Roundtables involve key stakeholders from the local govern-
ment, development, and environmental communities that influence the development process.

The roundtable approach is but one of many different approaches that can be used for public
participation in the development of improved local ordinances. The development of a good com-
prehensive plan that involves a local water or watershed component that includes an inventory
of natural amenities and a stormwater management plan is another. The roundtable discussion is
included here as an option that might not be as familiar as the comprehensive planning approach.
The roundtable is a consensus process to negotiate new development guidance in the context
of local conditions. A site planning roundtable is normally conducted in five steps, as shown
below:

6.1. Step 1. Conduct Research on Local Development Codes and
Ordinances

In the first step in a local roundtable, existing development codes and ordinances are assessed and
then compared with the principles of better site design to identify which ones may need changing.
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Figure 4.12 Empty Metro Area Shopping Center Parking Lots (Source: University of
Minnesota Metropolitan Design Center)

Figure 4.13 Infrequently Filled Parking Lots at the University of Minnesota (left), Grace
Church in Eden Prairie (top right) and the Minnesota Zoo in Apple Valley (bottom right)
(Source: University of Minnesota Metropolitan Design Center)
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Figure 4.14 Alternative Commercial-scale Parking Lot Design (Source: University of
Minnesota Metropolitan Design Center)
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Communities may use the codes and ordinances worksheet to facilitate this assessment (Center
for Watershed Protection (1998a). The worksheet helps communities systematically compare
their existing development rules to the better site design techniques by asking specific questions
on how development actually happens in the community. To use the worksheet, communities
assemble all of the local, watershed, state, and federal codes and regulations that collectively
govern how development occurs in the community, including documents such as:

 Zoning ordinances

+ Subdivision codes

+ Street standards and road design manuals

* Building and fire codes

+ Septic and sewer regulations

* Environmental regulations

+ Stormwater drainage criteria

* Tree protection/landscaping ordinances

 Erosion and sediment control and grading requirements

* Public safety and access requirements

* Other documents that influence how development occurs

In some cases, information on a particular development rule may not be explicitly articulated

Figure 4.16 Alternative Parking Lot Collection and Treatment Systems
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in local code or may be hidden in supporting design manuals, review checklists, or as an unwrit-
ten review policy. Once current development rules and regulations are identified, the codes and
ordinances worksheet can be completed. The worksheet consists of 66 questions that compare
local development rules against 22 national better site design benchmarks, as outlined in Center
for Watershed Protection (1998a). Each question focuses on a specific site design practice, such
as the minimum diameter of cul-de-sacs, the minimum width of streets, or the minimum park-
ing ratio for a certain land use. Points are awarded if local development rules agree with the
benchmark for a particular site design practice. In some instances, local codes and ordinances
might not explicitly address a particular practice. In these cases, roundtable members should use
appropriate judgment based on standard community practices.

6.2. Step 2. Identify Stakeholders That Will Participate in the
Roundtable Process

The next step involves assembling the stakeholders that will participate in the roundtable process,
which should include representatives from all sectors that influence development in a community.
The diversity of potential members to invite to a local site planning roundtable is shown in Table
4.3. For example, every local agency with development review authority should participate in the
roundtable. Elected officials should also be invited since they must ultimately vote to adopt the
proposed changes. The development industry including developers, realtors, homebuilders, de-
sign engineers and others who will be responsible for implementing better site design techniques,
should also be actively involved. Finally, community input from environmental organizations
and homeowners associations should be solicited, since they contribute an important perspective
on what local residents would like to see in future development.

6.3. Step 3. Introduce Stakeholders to the Roundtable Process

The first meeting of a roundtable focuses on educating stakeholders to ensure they have a firm
grasp of its purpose and goals. The initial meeting introduces stakeholders to three key topics:

Education on better site design techniques: Stakeholders initially may have different levels
of understanding about better site design techniques, stormwater impacts or the development
process. Stakeholders need to be educated on each topic so everyone starts off on a level play-
ing field.

Introduce them to the roundtable process: Roundtables are a structured process that consists
of numerous facilitated meetings. Since participation entails a significant time commitment,
stakeholders should clearly understand how the roundtable process works and the expectations
for their participation.

Review of the codes and ordinance analysis: Stakeholders should get a chance to review the
codes and ordinances worksheet and help identify the real and perceived barriers that impede
adoption of better site design techniques.

6.4. Step 4. Conduct the Roundtable and Facilitate Consensus

The roundtable process may extend over an entire year. Subcommittee meetings are often used
to focus the efforts of a smaller group of stakeholders on a limited number of topics, such as
road and parking lot design. Several subcommittees work on their topics concurrently, and then
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report their recommendations during full roundtable meetings. An independent third party is
often needed to manage stakeholders through the process and guide them toward consensus.

6.5. Step 5. Implement Code and Ordinances Changes

The product of a roundtable is a list of specific recommendations on local code change that
promote adoption of better site design techniques in new development projects. In addition, the
roundtable may also recommend incentives, training, education or other measures to encourage
greater use of better site design techniques. The full package of consensus recommendations
is then presented to local elected officials and the larger community as well. In most cases, ad-
ditional education of elected officials is needed to ensure that changes to local code and ordinance
change are adopted or enacted.

7. Thinking Outside of the Big Box

An Example of Parking Lot Surplus and Retrofit Opportunities

Excess parking lot stalls add a tremendous amount of impervious surface that is unnecessary
for almost every day of the year except the day after Thanksgiving. This is just one of many
situations where Minnesota stormwater managers can make a difference. This insert provides
an example for one of many land uses that substantially increase the amount of impervious area
within a watershed. It provides some example alternatives that are possible to those who want to
“think outside of the big box™ and create resource oriented solutions.

Figure 4.12 illustrates the typical metro area shopping center on almost any day of the year.
Figure 4.13 shows the excess at several places that experience more frequent filling, but still
remain unfilled for large portions of the year.

Alternative designs are available to reduce the impervious areas associated with seldom used
parking lots. Figure 4.14 shows some alternative designs for commercial parking lots that intro-
duce either pervious elements or tree cover that provides some canopy interception of rainfall.
Figure 4.15 illustrates some pervious pavement alternatives that can be used for overflow or sel-
dom used parking areas. Figure 4.16 shows some low impact parking lot BMPs that can minimize
the impact of impervious surface runoff through filtration and infiltration.

The use of some simple solutions can reduce the amount of runoff and the pollution it carries.
If every city in Minnesota approached stormwater with these ideas in mind, just think of the
runoff we could reduce! For every ten acres of impervious parking lot replaced with a pervious
surface, runoff is reduced by about eight million gallons of water.
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Chapter 5

Minnesota Rules, Regulations and
Programs

This chapter outlines the major stormwater programs in Minnesota that are implemented at
federal, state, and local levels and provides links for the user to obtain more information about
each program.

1. Relationship of Manual to Regulatory Programs

Many agencies at the federal, state, watershed, and local levels have jurisdiction over surface and
ground waters in Minnesota. Figure 5.1 illustrates how the jurisdictions can vary and overlap.
Mulitiple agencies involved in managing the same jurisdictional water lead to complex regula-
tions and permitting programs. This complexity is documented in the 2002 report by the Min-
nesota Planning Department titled: Charting a Course for the Future: Report of the State Water
Program Reorganization Project.

This chapter focuses solely on those programs and permits that are specifically tied to storm-
water management, though many other programs may exist that have an indirect stormwater
connection. Examples include federal and state hazardous waste managment, abovegournd and
underground storage tanks, solid waste managment, oil handling and spill prevention, pesticide
management, and facility planning and construction. (See also Issue Paper C in Appendix J)

This section focuses primarily on description/interpretation of programs and permits at the
federal and state levels. Most of the decisions about development and land use however are made
at the local level. It is also at the local level that the effects of runoff problems become most
apparent and the responsibility for implementing and maintaining the stormwater infrastructure
and stormwater management resides. Because of this, many of the federal and state regulatory
programs have a large impact on stormwater management responsibilities at the local level.
Counties, watershed organizations, regional agencies (ie. Metropolitan Council), municipalities,
and townships are all examples of local government groups that may have responsibility for
stormwater management.

The implementation vehicle for many local stormwater management programs is through local
ordinances. Stormwater management activities may be addressed through specific stormwater
ordinances, zoning ordinances or development ordinances and may contain requirements for
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water quantity, water quality, erosion and sediment control, nonpoint source pollution control,
channel protection, and natural area protection. Appendix G contains links to model ordinances
for local stormwater management.

While the Manual has no regulatory authority in and of itself, it seeks to provide a sound
technical basis for stormwater management design and implementation. This can be coordinated
on a statewide level through existing laws and regulations. Table 5.1 provides a summary of
regulatory authorities for some common stormwater management activities. It outlines the agen-
cies with permitting or review authority and those with the ability to set standards or provide
enforcement for those programs.

2. Stormwater Programs and Permit Requirements

This section is intended to serve as guidance to assist stormwater practitioners and the regulated
community in identifying and complying with existing federal, state, and local regulations. Local
programs can vary considerably and go beyond the scope of this document to address individually,
though several of the major programs implemented at a local level have been summarized here.
Contact the local zoning authority for more specific information on requirements for the project
area. Table 5.2 provides an overview of the federal and state stormwater permitting programs.
This is followed by summaries of the major stormwater programs at all levels of government. At
the end of this section is Table 5.3 which is a worksheet that can be used by stormwater managers
or applicants to help identify programs and permits they may need for a particular type of project.
The abbreviations contained within these tables are defined in Appendix H.

3. Federal Level Implementation
3.1. Section 404 Permit Program

This program applies to all waters of the United States, Figure 5.1 Federal and State Agencies and
including lakes, rivers, ponds, streams, and wetlands. Jurisdictional Waters

The Section 404 program regulates the discharge of WATERS ¢

dredged or fill material into waters of the U.S. &

There are several categories of permits and ap-
provals:
* Non-reporting general permit
+ Statewide general permits
* Letters of permission
* Individual permits
An individual permit is required if the proposed

work does not meet the requirements of one of the
specific general permits or letter of permission.

Enabling Legislation: Section 404, Clean Water
Act

Required Permit: Section 404 Permit

Regulatory Authority: U.S. Army Corps of Engi-
neers; U.S. Environmental Protection Agency




Go to Table of Contents

120 MINNESOTA STORMWATER MANUAL

Applicability: Waters of the U.S.
Stormwater Relationship: Discharge of dredged or fill material into waters of the U.S.

3.2. Rivers and Harbors Act, Section 10 Permit Program

This program applies to all Navigable Waters of the U.S. Navigable Water designation is based on
past, present or potential use for transportation or interstate commerce. The Section 10 program
regulates any work in, over or under a Navigable Water of the U.S or work that affects the course,
location, condition or capacity of such waters.

There are several categories of permits and approvals:
* Non-reporting general permit
« Statewide general permits
+ Nationwide general permits
* Letters of permission
* Individual permits

An individual permit is required if the proposed work does not meet the requirements of one of
the specific general permits or letter of permission.

Enabling Legislation: Section 10, Rivers and Harbors Act

Required Permit: Section 10 Permit

Regulatory Authority: U.S. Army Corps of Engineers

Applicability: Navigable Waters of the U.S.

Stormwater Relationship: Work in, over, under, or affecting the course, location, condition or

capacity of a Navigable Water of the U.S.

3.3. Underground Injection Control Program (Class V Injection

Wells)

This program applies to shallow disposal systems that are used to place a variety of fluids, includ-
ing stormwater, below the land surface. Class V injection wells are defined as any bored, drilled,

driven shaft, or dug hole that is deeper than it is wide; any improved sinkhole; or any subsurface
fluid distribution system.

The purpose of the program is to prevent the contamination of any underground sources of
drinking water. Inventory information must be submitted for any existing Class V injection wells
and before installation of new Class V injection wells. However, a permit is not required if it is
determined that the well does not endanger underground sources of drinking water.

The program has two requirements:
1. Submitting basic inventory information about the stormwater drainage wells to the EPA

2. Constructing, operating, and closing the drainage well in a manner that does not endanger
underground sources of drinking waters (USDWSs)

Enabling Legislation: Safe Drinking Water Act
Required Permit: Class V Injection Well Inventory



Go to Table of Contents

CHAPTER 5. MINNESOTA RULES, REGULATIONS AND PROGRAMS 121

Regulatory Authority: U.S. Environmental Protection Agency
Applicability: Underground sources of drinking water

Stormwater Relationship: Shallow stormwater disposal systems (eg. dry wells, sumps, drain
tile, certain infiltration practices) placing stormwater below the land surface.

3.4. Mississippi National River and Recreation Area (MNRRA)
Program

This is a joint federal, state, and local program, overseen by the National Park Service which
provides coordination for 72 miles of the Mississippi River, four miles of the Minnesota River,
and 54,000 acres of adjacent corridor lands. The MNRRA Comprehensive Management Plan
adopts and incorporates by reference the state Critical Area Program, Shoreland Management
Program, and other applicable state and regional land use management programs that implement
the plan’s visions.

Federal State Local*
Action Classes Met Local
USEPA (USACE| FEMA [MPCA |DNR | BWSR |MDH .| Government
Council .
Units
Erosion and Sediment Control| ©/E o/E E o o/E
Lake, S_tream, River ©o/E o/E o o/E | ®/E o o ©O/E
Protection
\Wetland Protection OlE ®/E o o/E | ®/E o o o/E
Ground Water Protection ©O/E o/E | ®/E o o o/E
Surface Water Quality
Protection ©o/E ®/E | O/E o o ©o/E
Construction Stormwater
Discharge ©o/E ®/E | O/E o ©o/E
M_ummpal Stormwater O/E o/E o O/E
Discharge
In_dustrlal Stormwater o/E o/E O/E o/E
Discharge
Agncultural Stormwater o/E o/E o o/E
Discharge
Flood Control ®/E . ©O/E o ©O/E
Key:
® Represents an agency/organization with primary permitting authority in this area
© Represents an agency/organization that has permitting authority in this area under specific circumstances (i.e., if they
are designated as LGU, if the receiving water falls under more than one jurisdiction, etc.)
O Represents an agency or organization with review authority on permits that are not issued by their agency/organization
or an agency/organization with the authority to set standards.
E Represents an agency/organization with enforcement authority.
Depending upon location in the state, the local jurisdictions may be administered at the county, watershed
organization (if one exists), city/township/village, or tribal level or a combination of these. Contact the local
zoning authority for more information on local regulations
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Enabling Legislation: Minnesota Statutes, Section 116G; Minnesota Rules, Chapter 4410
Required Permits: NA

Regulatory Authority: National Park Service (oversight); DNR, Division of Waters; Local
Government

Applicability: Sections of the Mississippi and Minnesota River and designated corridor
Stormwater Relationship: Activities within the national river and recreation area

4. State Level Implementation

4.1. Stormwater Program

The Stormwater Program is a comprehensive state stormwater program based on the Federal
NPDES program and administered by the MPCA with oversight by the USEPA. The program
is based on federal Clean Water Act requirements for addressing polluted stormwater runoff.
Stormwater disposal is regulated nationally through the National Pollutant Discharge Elimina-
tion System (NPDES) and Minnesota regulates the disposal of stormwater through the State
Disposal System (SDS). MPCA issues combined NPDES/SDS permits.

A 1987 amendment to the federal Clean Water Act required implementation of a two-phase
comprehensive national program to address stormwater runoff. Phase | regulated large construc-
tion sites, 11 categories of industrial facilities, and major metropolitan municipal separate storm
sewer systems (MS4s), including Minneapolis and St. Paul. Phase 11 includes smaller construc-
tion sites, municipally owned or operated industrial activity, and many more municipalities.

Stormwater permits require permittees to control polluted discharges. Regulated parties must
develop stormwater pollution prevention plans (or stormwater pollution prevention programs, for
MS4s) to address their stormwater discharges. Each regulated party determines the appropriate
best management practices (BMPs) to minimize pollution for their specific site. The three permit
types - construction, industrial, and MS4 - have distinct requirements and some regulated parties
may require more than one permit.

There are two types of NPDES/SDS permits: general permits and individual permits. If work
meets the requirements of a specific general permit, an individual permit is not required. Cur-
rently there are three categories for stormwater permitting as follows:

Construction Stormwater Permitting Program: The Construction Stormwater Permitting
Program is designed to reduce the amount of sediment and pollution entering surface and
ground water bassociated with construction projects. Prior to applying for permit coverage, the
owner is required to develop a Stormwater Pollution Prevention Plan (SWPPP) that incorpo-
rates specific best management practices applicable to their site. Construction activities requir-
ing a permit include road building, landscaping clearing, grading, excavation, and construction
of homes, office buildings, industrial parks, landfills and airports. Permits are required from
owners and operators for any construction-re;ated activity disturbing one acre or more of land.
In some cases, smaller sites may require permit coverage if they are part of a larger common
plan for development.

Industrial Stormwater Permitting Program: The Industrial Stormwater Permitting Program
is designed to reduce the amount of pollution that enters surface and ground water from in-
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dustrial facilities in the form of stormwater runoff. Stormwater discharges associated with 11
categories of industrial activities are regulated. Industrial facilities require that a permit must
develop and implement a SWPPP designed to eliminate or minimize stormwater contact with
significant materials that may result in polluted stormwater discharges from the industrial site.

Municipal Stormwater Permitting Program: The Municipal Separate Storm Sewer System
Stormwater (MS4) Permitting Program is designed to reduce the amount of sediment and pol-
lution that enters surface and ground water from storm sewer systems to the maximum extent
practicable. Stormwater discharges associated with MS4s are regulated and the owners or op-
erators of these systems are required to develop a SWPPP that incorporates best management
practices applicable to their MS4. The MS4 general permit is scheduled for adoption in early
2006.

Enabling Legislation: Section 402, Clean Water Act; Minnesota Statutes, Chapter 115; Min-
nesota Rules, Chapter 7001; Minnesota Rules, Chapter 7050; Minnesota Rules, Chapter 7090

Required Permit(s): NPDES/SDS General Stormwater Permit for Construction; NPDES/
SDS General Stormwater Permit for Industrial; NPDES/SDS General Stormwater Permit for
Municipal Separate Storm Sewer Systems; NPDES/SDS Individual Stormwater Permit

Regulatory Authority: Minnesota Pollution Control Agency; U.S. Environmental Protection
Agency

Applicability: Stormwater
Stormwater Relationship: Stormwater discharge

4.2. Feedlot Program

The feedlot program regulates the collection, transportation, storage, processing and disposal
of animal manure and livestock processing activities, and provides assistance to counties and
the livestock industry. The rules apply to all aspects of livestock production areas including the
location, design, construction, operation and management of feedlots, feed storage, stormwater
runoff, and manure handling facilities.

There are two NPDES/SDS permits for feedlots: general permits for livestock production
and individual permits for an animal feedlot or manure storage area. If the proposed facility
meets the requirements of the general permit, an individual permit is not required. An individual
permit is required if the proposed project does not meet the requirements of a specific general
permit due to size or past infractions.

Enabling Legislation: Clean Water Act; Minnesota Statutes, Chapter 115; Minnesota Rules
Chapter 7020

Required Permits: NPDES/SDS General Permit for Livestock Production; NPDES/SDS Per-
mit for an Animal Feedlot or Manure Storage

Regulatory Authority: Minnesota Pollution Control Agency; Counties; U.S. Environmental
Protection Agency (oversight)

Applicability: Feedlots

Stormwater Relationship: Location, design, construction, operation and management of feed-
lots, feed storage, stormwater runoff, and manure handling facilities
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4.3. Minnesota Impaired Waters and Total Maximum Daily Load
(TMDL) Program

In compliance with Section 303 of the Clean Water Act, this program publishes an updated list
of impaired waters every two years. An impaired water does not meet the water quality standards
established to protect the designated use (ie. fishing, swimming, irrigation, etc.) of those waters
due to pollutants. The MPCA is required to conduct a TMDL study which identifies both point
and nonpoint sources of each pollutant in and impaired water that fails to meet water quality
standards. A TMDL specifies the maximum amount of a pollutant that a waterbody can receive
and still meet water quality standards, and allocates pollutant loadings among point and nonpoint
pollutant sources.

Enabling Legislation: Clean Water Act, Section 303; Minnesota Statutes, Chapter 115; Min-
nesota Rules, Chapter 7052

Required Permit(s): Compliance with a TMDL plan, once adopted by MPCA

Regulatory Authority: Minnesota Pollution Control Agency; U.S. Environmental Protection
Agency (oversight)

Applicability: Impaired waters
Stormwater Relationship: Discharges to impaired waters

Stormwater Relationship: Stormwater discharge to an impaired water or a water with a
TMDL.

4.4. Section 401, Water Quality Certification

Anyone who wishes to obtain a federal permit for any activity that may result in a discharge to
a navigable water must first obtain a state 401 water quality certification. This program requires
the applicant to demonstrate that a proposed activity will not violate Minnesota’s water quality
standards or result in adverse long-term or short-term impacts on water quality. Such impacts can
be direct or cumulative with other indirect impacts. Because MPCA staff are no longer assigned
to evaluate 401 applications for conformance with water-quality standards, the MPCA has de-
cided to waive its 401 authority in most, but not all, cases. However, this should not be viewed as
a waiver from the requirements of MN Rule, Chapter 7050. This action does not waive MPCA’s
authority to take necessary enforcement actions to ensure that the applicant and the project’s
construction, installation, and operation comply with water quality standards, statutes and rules.

Enabling Legislataion: Clean Water Act, Section 401; Minnesota Statutes, Chapter 115; Min-
nesota Rules, Chapter 7001

Required Permit: Section 401 Water Quality Certification or Waiver

Regulatory Authority: Minnesota Pollution Control Agency; U.S.Environmental Protection
Agency (oversight)

Applicability: Waters of the U.S.; Waters of the State
Stormwater Relationship: Discharge of stormwater or alteration of wetland in violation of
state water quality standards

4.5. Nonpoint Source Management Program and Coastal Nonpoint
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Source Pollution Control Program

Section 319 of the Clean Water Act requires each state to address nonpoint pollution by develop-
ing nonpoint source assessment reports that identify nonpoint source pollution problems and
the nonpoint sources responsible for the water quality problems. States also adopt management
programs to control nonpoint source pollution and then implement the management programs.
States, Territories, and Indian Tribes can receive Section 319 grant money which supports a
wide variety of activities including technical assistance, financial assistance, education, training,
technology transfer, demonstration projects, and monitoring to assess the success of specific
nonpoint source implementation projects.

Minnesota became part of the national Coastal Management Program after receiving federal
approval in July 1999. Minnesota’s Lake Superior Coastal Nonpoint Pollution Control Program
is designed to reduce nonpoint pollution in the Lake Superior Basin.

Enabling Legislataion: Section 319, Clean Water Act
Required Permit(s): NA

Regulatory Authority: Minnesota Pollution Control Agency; U.S. Environmental Protection
Agency (oversight)

Applicability: Waterbodies, streams, and associated uplands; Lake Superior Basin
Stormwater Relationship: Nonpoint sources of pollution

4.6. Drinking Water Protection Program

This program’s mission is to protect the public health by ensuring a safe and adequate supply of
drinking water at all public water systems (community and non-community drinking water sys-
tems). The program reviews plans for water system improvements, conducts on-site inspections
and sanitary surveys, provides training and technical assistance, ensures that water systems are
tested for contaminants, and takes action against water systems not meeting standards.

Enabling Legislation: Safe Drinking Water Act; Minnesota Statutes, Chapter 103H; Minne-
sota Rules Chapter 4720

Required Permit: NA

Regulatory Authority: Minnesota Department of Health
Applicability: Public drinking water systems and their source areas
Stormwater Relationship: Source water contamination

4.7. Source Water Protection Program

This program applies to drinking water and its sources, which includes rivers, lakes, reservoirs,
springs, and ground water wells. The Source Water Protection Program’s purpose is to help
prevent contaminants from entering public drinking water sources. There are three different clas-
sifications of public water systems: communities, transient noncommunities, and nontransient
noncommunities. For groundwater supply areas, each of the public water system categories
maintains an inner wellhead management zone, which is a 200-foot radius around wells. In ad-
dition, communities and nontransient noncommunities must also identify capture zones for their
wells (wellhead protection areas) and create a formal wellhead protection plan.
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The Source Water Protection Program consists of three primary parts:

I. Wellhead Protection Program: The purpose of the Wellhead Protection Program is to
prevent contamination of public drinking water supplies by identifying water supply recharge
areas and implementing management practices for potential pollution sources found within
those areas.

Il. Source Water Assessment Program: The purpose of the Source Water Assessment Pro-
gram is to develop reports that provide a concise description of the water used by a public water
system and identify susceptibility to contamination.

I11. Surface Water Intake Protection: Protection for surface water intakes is not required, but
many of Minnesota’s community water supply systems that use surface water have expressed
interest in developing protection plans. The Minnesota Department of Health is currently de-
veloping guidelines for protection plans.

Enabling Legislataion: Minnesota Statutes, Chapter 103H Minnesota Statutes, Chapter 103l
Minnesota Statutes, Chapter 144 Minnesota Rules, Chapter 4720 Minnesota Rules, Chapter
4725

Required Permit: NA

Regulatory Authority: Minnesota Department of Health
Applicability: Source waters for public drinking water systems
Stormwater Relationship: Source water contamination

4.8. Public Waters Work Permit Program

This program, begun in 1937, regulates water development activities below the ordinary high
water level (OHWL) in public waters. The Public Waters Work Permit Program applies to those
lakes, wetlands, and streams identified on DNR Public Water Inventory maps. Proposed projects
affecting the course, current, or cross-section of these water bodies may require a Public Waters
Work Permit from the DNR.

There are two types of Public Waters Work Permits: general permits and individual permits.
If work proposed in public waters or public waters wetlands meets the requirements of a specific
general permit, an individual permit is not required. Currently there are five categories of general
permits as follows:

» Emergency Repair of Public Flood Damages
* Multiple Purposes

 Bridge and Culvert Projects

* Dry Hydrants

+ Bank/Shore Protection or Restoration

An individual permit is required if the proposed work does not meet the requirements of a
specific general permit. There are also deregulated activities for which no permit is required.

Enabling Legislataion: Minnesota Statutes 103G.245 Minnesota Rules Chapter 6115
Required Permit(s): Public Waters Work Permit
Regulatory Authority: DNR, Division of Waters


http://www.dnr.state.mn.us/waters/surfacewater_section/hydrographics/ohw.html
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Applicability: Activities below the ordinary high water level (OHWL) in designated public
waters

Stormwater Relationship: Filling, excavation, shore protection, bridges, culverts, structures,
docks, marinas, water level controls, dredging, dams or other activities affecting the course,
current or cross section.

4.9. Water Appropriations Permit Program

This program was created in response to legislation requiring DNR to balance competing man-
agement objectives that include both development and protection of Minnesota’s water resources.
The Water Appropriations Permit Program applies to all users withdrawing more than 10,000
gallons of water per day or 1 million gallons per year. Proposed projects withdrawing this amount
of water or more may require a Water Appropriations Permit from the DNR.

There are several types of water appropriations permits including general permits and individual
permits for both irrigation and non-irrigation purposes. Several exemptions apply for domestic
uses serving less than 25 people, test pumping of a groundwater source, reuse of water already
authorized by a permit, and for certain agricultural drainage systems. If appropriations meet the
requirements for one of the general permits then an individual permit is not required.

Currently there are two categories of general permits:

Temporary Projects: authorizes temporary water appropriations for construction dewatering,
landscaping, dust control, and hydrostatic testing of pipelines, tanks, and wastewater ponds.

Animal Feedlots and Livestock Operations: authorizes groundwater appropriations up to 5
million gallons per year for livestock watering and sanitation purposes.

If the proposed appropriation does not meet the requirements of a specific general permit or is
not exempt, an individual permit is required.

Enabling Legislation: Minnesota Statutes, Section 103G.265; Minnesota Rules Chapter 6115
Required Permits: Water Appropriations Permit
Regulatory Authority: DNR, Division of Waters

Applicability: Surface and ground water withdrawals greater than 10,000 gallons of water per
day or 1 million gallons per year

Stormwater Relationship: Discharge of water withdrawals

4.10. Calcareous Fen Protection

Calcareous fens are classiied as oustanding resource value waters (ORVWSs) and are protected
under the restricted discharge provisions of the MPCA water quality standards in Minnesota Rule
7050.0180 Subp. 6. In addition, calcareous fen protections were also put in place in 1991 with
the passing of the Wetland Conservation Act and regulate activities that may alter or degrade
calcareous fens. Calcareous fens are the rarest wetland community in Minnesota and may not be
drained or filled or otherwise altered or degraded except as provided for in a management plan
approved by the commissioner.
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Enabling Legislation: Clean Water Act, Section 401 Minnesota Statutes, Section 103.G.223
Minnesota Statutes, Section 115 Minnesota Rules Chapter 7001 Minnesota Rules Chapter 7050
Minnesota Rules Chapter 8420 Commissioner’s Order No. 05-001

Required Permits: Approved Calcareous Fen Management Plan; NPDES/SDS General
Stormwater Permit

Regulatory Authority: Minnesota Department of Natural Resources; Minnesota Pollution
Control Agency;

Applicability: Calcareous fens
Stormwater Relationship: Drainage, fill, alteration, or degradation of a calcareous fen

4.11. Dam Safety Program

This program was created in 1978 in response to the federal Dam Safety Act and regulates the
repair, operation, design, construction, and removal of public and private dams. The program sets
minimum standards for dams regarding safety, design, construction, and operation and it clas-
sifies dams into three dam hazard classes. Proposed projects for construction, alteration, repair,
removal or transfer of ownership of a regulated dam may require a Public Waters Work Permit.

Enabling Legislation: Dam Safety Act Minnesota Statutes, Section 103G.515 Minnesota
Rules, parts 6115.0300 through 6115.0520

Required Permits: Public Waters Work Permit
Regulatory Authority: DNR, Division of Waters

Applicability: Structures that pose a potential threat to public safety or property. Dams 6 feet
high or less and dams that impound 15 acre-feet of water or less are exempt from state dam
safety rules as are dams that are less than 25 feet high and impound less than 50 acre-feet,
unless there is a potential for loss of life due to failure or misoperation.

Stormwater Relationship: Repair, operation, design, construction, and removal of regulated
dams
4.12. Mississippi River Critical Area Program

The Mississippi River Critical Area Program is a joint local and state program that provides
coordinated planning and management for 72 miles of the Mississippi River, four miles of the
Minnesota River, and 54,000 acres of adjacent corridor lands.

Enabling Legislation: Minnesota Statutes, Section 116G Minnesota Rules, Chapter 4410
Required Permits: NA

Regulatory Authority: DNR, Division of Waters Local Government

Applicability: Sections of the Mississippi and Minnesota River and designated corridor
Stormwater Relationship: Activities within the critical area

4.13. Wild and Scenic Rivers Program

In Minnesota, the Department of Natural Resources maintains the state Wild and Scenic River
Program and cooperates with the Wisconsin Department of Natural Resources and the National
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Park Service for management of the lower St. Croix River, which is part of the National Wild and
Scenic Rivers Program. The purpose of the Wild and Scenic Rivers Programs is to preserve select
rivers with outstanding scenic, recreational, geologic, fish and wildlife, historic, cultural or other
important values in a free-flowing condition.

Six rivers in Minnesota have segments, which are designated as wild, scenic, or recreational
under the state program in addition to the federally designated lower St. Croix River. These seven
rivers are also designated as Outstanding Resource Value Waters (ORVWS) in Minnesota. Each
of the seven designated river segments in Minnesota has a management plan, which outlines
the rules and goals for that waterway. These rules work together with local zoning ordinances
to protect the rivers from pollution, erosion, over-development, and degradation factors, which
undermine the wild, scenic, and recreational qualities for which they were designated.

Enabling Legislataion:National Wild and Scenic Rivers Act; Minnesota Statutes, Chapter
103F; Minnesota Rules, Chapter 6105

Required Permit: Compliance with management plan for the river

Regulatory Authority: DNR, Division of Waters; National Park Service; Local Government
Applicability: Portions of the St. Croix River, Mississippi River, Kettle River, Rum River,
North Fork of the Crow River, Minnesota River, and Cannon River

Stormwater Relationship: Restrictions on activities adversely affecting the river or its desig-
nated corridor.

4.14. Lake Superior Coastal Program

Minnesota participates in the federal Coastal Zone Management program through the Lake
Superior Coastal Program. Local issues that the program helps to address include: shoreline
erosion, inadequate sewage and stormwater systems, local watershed and land use planning,
habitat restoration, waterfront revitalization, and water access. The program was developed to
encourage greater cooperation, to encourage simplification of governmental processes, and
provide tools to implement existing policies, authorities and programs within the area defined by
the program boundary. Lake Superior is designated as an ORVW in Minnesota.

Enabling Legislation: Coastal Zone Management Act of 1990, Section 6217;
Required Permit(s): NA

Regulatory Authority: DNR, Division of Waters; US Environmental Protection Agency; Na-
tional Oceanic and Atmospheric Administration

Applicability: Coastal Zone of Lake Superior

Stormwater Relationship: Discharges adversely impacting land and water resources within
the designated coastal zone

4.15. National Flood Insurance Program

The National Flood Insurance Program (NFIP) enables property owners in participating com-
munities to purchase insurance protection against losses from flooding. Participation in the NFIP
is based on an agreement between local communities and the federal government that states if
a community will adopt and enforce a floodplain management ordinance to reduce future flood
risks to new construction in Special Flood Hazard Areas, the federal government will make flood
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insurance available within the community as a financial protection against flood losses. In Min-
nesota, the National Flood Insurance Program is administered by the Minnesota Department
of Natural Resources. By state law, all flood prone communities in the state are required to
participate in the program.

Enabling Legislataion: National Flood Insurance Act of 1968
Required Permit(s): NA

Regulatory Authority: DNR, Division of Waters

Federal Emergency Management Agency: Local Government
Applicability: Flood-prone communities

Stormwater Relationship: Restrictions on activities and structures in floodplain

4.16. Utility Crossing License Program

This is a licensing program for the passage of any utility over, under or across any state land or
public waters.

Enabling Legislation: Minnesota Statutes, Chapter 84; Minnesota Rules, Chapter 6135
Required Permit: Utility Crossing License
Regulatory Authority: DNR, Department of Land and Minerals (App. G)
Applicability: public waters or state land
Stormwater Relationship: Utility crossings of public waters or state land

4.17. Comprehensive Local Water Management

The Board of Water and Soil Resources (BWSR) oversees the adoption and implementation of
comprehensive local water management plans, which are voluntary plans created by counties
outside the seven-county metropolitan area. The Act, passed in 1985 encourages counties outside
the metropolitan area to protect water resources through the adoption and implementation of
local water management plans that are based on local priorities.

Enabling Legislation: Minnesota Statutes 103B.301
Required Permit(s): NA
Regulatory Authority: Board of Water and Soil Resources; Local Government
Applicability: Counties outside the seven-county metro area
Stormwater Relationship: Erosion and sedimentation reduction, storm water design stan-
dards, wetland protection

4.18. Comprehensive Surface Water Management

The Board of Water and Soil Resources oversees the adoption and implementation of compre-
hensive surface water management plans, which are created by watershed districts, watershed
management organizations, or county/city/township joint powers organizations within the seven-
county metropolitan area.

After local, regional, and agency review, plans are approved by the Board of Water and Soil
Resources. The WMO/WD/JPO then formally adopts the plan and requires each city or town-
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ship within the WMO/WD/JPO to create and implement their own local water management plan
consistent with the WMO/WD plan. Updates are required every 5-10 years.

Enabling Legislation: Minnesota Statutes 103B; Minnesota Rules Chapter 8410
Required Permit(s): NA
Regulatory Authority: Board of Water and Soil Resources; Local Government

Applicability: Watershed Districts, Water Management Organizations, or Joint Powers Orga-
nizations in seven-county metro area

Stormwater Relationship: Erosion and sedimentation reduction, storm water design stan-
dards, wetland protection

5. Local Level Implementation

5.1. Wetland Conservation Act

This program, begun in 1991, regulates drainage, fill, or excavation of wetlands in the state.
Proposed projects are required to demonstrate through sequencing requirements that the project
first seeks to avoid disturbing the wetland; second try to minimize any impact on the wetland;
and finally, when impact is unavoidable, replaces any lost wetland acres, functions, and values.
Certain wetland activities are exempt from the act, allowing projects with minimal impact or
projects located on land where certain pre-established land uses are present to proceed without
regulation.

There are two categories for WCA permits:
I. Water/Wetland Projects
I1. Water/Wetland Projects: Public Transportation and Linear Utility Projects

Projects disturbing wetlands may also require permits or approvals from the Department of
Natural Resources, U.S. Army Corps of Engineers, and Minnesota Pollution Control Agency. A
joint application form has been developed that may be used for application to all of these agen-
cies.

Enabling Legislation: Minnesota Statutes 103G; Minnesota Rules Chapter 8420
Required Permit: Water/Wetland Projects

Regulatory Authority: Local Government Unit; Board of Water and Soil Resources (over-
sight)

Applicability: Jurisdictional wetlands (meeting the criteria for soil, hydrology, and vegetation
outlined in the 1987 Army Corps of Engineers Wetland Delineation Manual)

Stormwater Relationship: Drainage, fill, or excavation of wetlands

5.2. Industrial Discharge

This program regulates and monitors industrial discharges into the Metropolitan Disposal System
(public sanitary sewer system) to ensure compliance with local and federal regulations. Industrial
users discharging wastewater into public sewers are required to apply for an industrial waste
permit.
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There are three categories for industrial waste permits:
« Standard discharge permits
* Special discharge permits
* Liquid waste hauler permits

Enabling Legislation: Minnesota Statutes, Chapter 473
Required Permit: Industrial Discharge Permit

Regulatory Authority: Metropolitan Council; Minnesota Pollution Control Agency; Envi-
ronmental Protection Agency

Applicability; Metropolitan Disposal System (public sani-

tary sewers in Twin Cities Metropolitan area)

Stormwater Relationship: Industrial discharges of wastewater or contaminated stormwater
into public sanitary sewer system

5.3. Drainage

Public drainage administrative oversight is provided by designated Drainage Authorities. Drain-
age Authorities may be a County Board, a Joint Ditch Authority composed of representatives
from multiple counties, a Watershed District or a Water Management Organization. Drainage
law applies to public ditches and conveyance systems and consists of four elements; legal,
engineering, environmental, and economic. The Drainage Authority has general authority for
regulating and maintaining the public drainage system as it was designed. In accordance with
M.S. 103E.411 Subp 2, the MPCA must approve any plan for connection or outlet of a municipal
drainage system to a county drainage system.

Enabling Legislation:Minnesota Statutes 103E; Minnesota Statutes 103D
Required Permit: Local drainage permit

Regulatory Authority: Drainage Authority

Applicability: Public drainage system components

Stormwater Relationship: Conveyance of stormwater

5.4. Shoreland Management Program

This program was created in 1969 in response to the Shoreland Management Act and applies to
all land within a Shoreland District. Shoreland Districts are defined as lands within 1,000 feet of a
lake which is greater than 25 acres (10 acres in municipalities) or within 300 feet of a river with a
drainage area two square miles or greater and its designated floodplain defined from the ordinary
high water level (OHWL). Local units of government are required to adopt the DNR minimum or
stricter standards into their zoning ordinances and permit programs for the use and development
of shoreland property. This includes a sanitary code, minimum lot size, minimum water frontage,
building setbacks, building heights, land use, BMPs, shoreland alterations, subdivision, and PUD
regulations.

Enabling Legislation: Minnesota Statutes, Section 103.F.201-221; Minnesota Rules Chapter
6120
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Required Permit: Local government permits for building construction, installation of sewage
treatment systems, and grading and filling

Regulatory Authority: Local Government Unit; DNR, Division of Waters (oversight)

Applicability: All lakes greater than 25 acres (10 acres in Municipalities) and rivers with a
drainage area two square miles or greater and their associated floodplains

Stormwater Relationship: Activities on all land within 1,000 feet of a designated lake and 300
feet of a designated river and its designated floodplain

5.5. Floodplain Management Program

This program was created in 1969 in response to the State Floodplain Management Act and
regulates the construction of structures, roads, bridges or other facilities located within the 100-
year floodplain areas.

Local units of government for flood prone communities are required to adopt the DNR mini-
mum standards, or stricter, for floodplain management into their ordinances and permit programs.
They are also required to enroll and maintain eligibility in the DNR administered National Flood
Insurance Program (NFIP), to protect new development and modifications to existing develop-
ment from flood damages when locating in a flood prone area cannot be avoided.

Enabling Legislation: Minnesota Statutes, Section 103.F.101-165; Minnesota Rules Chapter
6120

Required Permit: Local government permits for construction of structures, roads, bridges or
other facilities within the floodplain

Regulatory Authority: Local Government Unit; DNR, Division of Waters
Applicability: All areas mapped within the 100-year floodplain

Stormwater Relationship: Construction of structures, roads, bridges or other facilities on any
lands within the 100-year floodplain

5.6. Lake Improvement District Program

Local citizen initiatives can petition counties to create lake improvement districts in order to
address specific concerns within a lake watershed that cannot be addressed under normal gov-
ernmental actions. Citizens and counties willing to undertake such initiatives gain greater local
involvement in the management of their own lakes.

Enabling Legislation: Minnesota Statutes, Section 103B.501 - 103B.581; Minnesota Rules
Chapter 6115

Required Permit: Local government permits
Regulatory Authority: Local Government Unit; DNR, Division of Waters
Applicability:lakes

Stormwater Relationship: Activities affecting lakes and associated resources within a lake
improvement district
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6. Related Information

Table 5.3 is a permitting worksheet that is designed to aid the user in determining which permits
they may need for a specific project and which agencies to contact for more information. This
worksheet should not be viewed as a definitive list but rather as a resource to point the user in the
right direction. This worksheet is provided as a means of organization and information gathering.
Applicants should always check with their local zoning authority for more information on local
requirements.

Appendix F includes a links to more information about Special Waters in Minnesota. If a
project is in, near, or draining to a Special Water then additional permit conditions designed to
preserve and protect the quality and character of these unique waters will apply.

Appendix G includes additional regulatory information that may be useful:
» A general list of agencies and contacts with a brief description of the agency, address,
telephone, and website contact information.
* A brief summary of the major federal and state enabling legislation that mandates or sup-
ports the above programs.
* Links to model ordinances for a number of stormwater management activities.

The Manual Sub-Committee prepared an “Overlaps and Gaps Analysis: Stormwater Regulatory
Framework Supplement” as part of its work on assessing the regulatory programs in Minnesota.
This report in Appendix J contains information from regulated parties and regulatory agencies
and should be used when future regulatory updates are considered.

7. References

7.1. Federal Emergency Management Agency (FEMA)
FEMA's Introduction to NFIP
http://www.fema.gov/nfip/intnfip.shtm.

7.2. Metropolitan Council (Met Council)

Met Council Environmental Services: Industrial Waste Forms
http://www.metrocouncil.org/environment/Industrial\WWaste/forms.htm.

Met Council Environmental Services: Industrial Wastes http://www.metrocouncil.org/
environment/Industrial\Waste/.

Met Council Environmental Services: Watershed planning http://www.metrocouncil.org/
environment/Watershed/planning/inde.g.htm.

Met Council Home Page

http://www.metrocouncil.org/.

7.3. Minnesota Board of Water and Soil Resources (BWSR)
BSWR 404 Permit (joint state and federal permit) Application Forms
http://www.bwsr.state.mn.us/wetlands/wcaforms/inde.g.html.

BWSR and SWCD Supervisors Handbook
http://www.bwsr.state.mn.us/aboutbwsr/publications/supervisorshandbook.pdf.
BWSR Comprehensive Local Water Management
http://www.bwsr.state.mn.us/watermgmt/complocalwatermgmt/inde.g.html.
BWSR Home Page

http://www.bwsr.state.mn.us/inde.g.html.
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BWSR Metropolitan Area Surface Water Management
http://www.bwsr.state.mn.us/watermgmt/metroareasurface.html.
BWSR Permit Application Forms
http://www.bwsr.state.mn.us/wetlands/wcaforms/inde.g.html.
BWSR Wetland Conservation Act
http://www.bwsr.state.mn.us/wetlands/wca/inde.g.html.

7.4. Minnesota Cities and Local Government

League of Minnesota Cities Home Page

http://www.Imnc.org/.

Minnesota North Star Local Government
http://www.state.mn.us/cgi-bin/portal/mn/jsp/content.do?subchannel=-536879913&id=-

8494 &agency=NorthStar.

7.5. Minnesota Counties
Minnesota Association of Counties Home Page
http://www.mncounties.org/.

7.6. Minnesota Department of Agriculture (MDA)
Minnesota Department of Agriculture: Ask MDA
webinfo@mda.state.mn.us.

7.7. Minnesota Department of Health (MDH)

7.7.1 MDH Addresses, Phone Number and Directions
http://www.health.state.mn.us/about/direct.html.

MDH Drinking Water Protection About Our Programs
http://www.health.state.mn.us/divs/eh/water/org/programdesc.html.
MDH Drinking Water Protection
http://www.health.state.mn.us/divs/eh/water/inde.g.html.

MDH Drinking Water Protection Contact List
http://www.health.state.mn.us/divs/eh/water/org/contactist.html.
MDH Health Risk Limits for Groundwater
http://www.health.state.mn.us/divs/eh/groundwater/hrirule.html.
MDH Source Water Assessments of Public Water Systems
http://www.health.state.mn.us/divs/eh/water/swp/swa/inde.g.htm.

7.7.2 MDH Source Water Protection General Information
http://www.health.state.mn.us/divs/eh/water/swp/inde.g.htm.

MDH Surface Water Intake Protection
http://www.health.state.mn.us/divs/eh/water/swp/surfaceguide.pdf.
MDH Well Head Protection
http://www.health.state.mn.us/divs/eh/water/swp/whp/inde.g.htm.

7.8. Minnesota Department of Natural Resources (DNR)
DNR Coastal Nonpoint Pollution Control Program
http://www.dnr.state.mn.us/waters/lakesuperior/cnp/inde.g.html.

DNR Dam Safety Permits
http://www.dnr.state.mn.us/permits/water/inde.g.html#dam_safety.
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DNR Dam Safety Program
http://www.dnr.state.mn.us/waters/surfacewater_section/damsafety/safety.html.
http://ww.dnr.state.mn.us/waters/surfacewater_section/damsafety/inde.g.html.
DNR Division of Waters

http://www.dnr.state.mn.us/waters/orgchart.html.

DNR Do | Need a Permit
http://www.dnr.state.mn.us/permits/water/needpermit.html.

DNR Floodplain Management Program
http://www.dnr.state.mn.us/waters/watermgmt_section/floodplain/inde.g.html.
DNR Floodplain Management Program history
http://www.dnr.state.mn.us/waters/watermgmt_section/floodplain/history.html.
DNR Forms related to Division of Waters programs
http://www.dnr.state.mn.us/waters/forms.html.

DNR Guide for Buying and Managing Shoreland
http://www.dnr.state.mn.us/shorelandmgmt/quide/standards_tables.html.

DNR Lake Management Program
http://www.dnr.state.mn.us/waters/watermgmt_section/lake/inde.g.html.

DNR Lake Superior Coastal Program
http://www.dnr.state.mn.us/waters/lakesuperior/inde.g.html.

DNR List of Known Calcareous Fens
http://files.dnr.state.mn.us/publications/waters/Calcareous_Fen_List.pdf.

DNR Ordinary High Water
http://www.dnr.state.mn.us/waters/surfacewater_section/hydrographics/ohw.html.
DNR Minimum Shoreland standards
http://www.dnr.state.mn.us/shorelandmgmt/quid/standards_tables.html.

DNR Mississippi National River & Recreation Area
http://www.dnr.state.mn.us/waters/watermgmt_section/mnrra/inde.g.html.

DNR Mississippi River Critical Area Program
http://www.dnr.state.mn.us/waters/watermgmt_section/critical_area/inde.g.html.
DNR Mississippi River Management — Navigation
http://www.dnr.state.mn.us/waters/watermgmt_section/river/miss_mgmt.html.
DNR National Flood Insurance Program
http://www.dnr.state.mn.us/waters/watermgt_section/nfip/inde.g.html.

DNR Public Waters Works Permit Programs
http://www.dnr.state.mn.us/waters/watermgmt_section/pwpermits/inde.g.html.
DNR River Resource Management Program
http://www.dnr.state.mn.us/waters/watermgmt_section/river/inde.g.html.

DNR Shoreland Management Program
http://www.dnr.state.mn.us/waters/watermgmt_section/shoreland/inde.g.html
http://www.dnr.state.mn.us/waters/watermgmt_section/shoreland/references.html.
DNR Utility Crossing License
http://www.dnr.state.mn.us/permits/utility_crossing/inde.g.html.

DNR Water Appropriations Permit Program
http://www.dnr.state.mn.us/waters/watermgmt_section/appropriations/inde.g.html.
DNR Water Use Permits
http://www.dnr.state.mn.us/waters/watermgmt_section/appropriations/permits.html.
DNR Wild and Scenic Rivers Program
http://www.dnr.state.mn.us/waters/watermgmt_section/wild_scenic/inde.g.html.
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7.9. Minnesota Department of Transportation (Mn/DOT)
MnDOT: Contact Mn/DOT
http://www.dot.state.mn.us/information/talk.html.

7.10. Minnesota Pollution Control Agency (MPCA)

MPCA Clean Water Partnership Section 319 Combined Application http://www.pca.state.mn.us/
publications/wg-cwp7-02.doc.

MPCA Coastal Nonpoint Pollution Program
http://www.pca.state.mn.us/water/basins/superior/coastalnp.html.

MPCA Feedlots program

http://www.pca.state.mn.us/hot/feedlots.html#forms.

MPCA Home Page

http://www.pca.state.mn.us/.

MPCA Minnesota 2001 - 2005 Nonpoint Source Management Program Plan (NSMPP), http://
www.pca.state.mn.us/water/nonpoint/mplan.html.

MPCA Minnesota’s Impaired Waters and Total Maximum Daily Loads (TMDL)
http://www.pca.state.mn.us/water/tmdl/inde.g.html.

MPCA), last updated March 10, 2003
http://www.pca.state.mn.us/water/319.html.

MPCA More about the Clean Water Partnership Program CWP
http://www.pca.state.mn.us/water/cwp.html.

MPCA Nonpoint Source Issues
http://www.pca.state.mn.us/water/nonpoint/inde.g.html.

MPCA Section 401 Certification

http://www.pca.state.mn.us/water/401.html.

MPCA Stormwater Program
http://www.pca.state.mn.us/water/stormwater/inde.g.html.

MPCA Stormwater Program for Construction Activity
http://www.pca.state.mn.us/water/stormwater/stormwater-c.html.

MPCA Stormwater Program for Industrial Facilities NPDES
http://www.pca.state.mn.us/water/stormwater/stormwater-i.html.

MPCA Stormwater Program for MS4s
http://www.pca.state.mn.us/water/stormwater/stormwater-ms4.html.

MPCA Water Quality Standards
http://www.pca.state.mn.us/water/standards/inde.g.html.

MPCA Water Quality Standards: Beneficial use designations
http://www.pca.state.mn.us/water/standards/inde.g.html#beneficial.

MPCA Water Quality Standards: Non-degradation policy
http://www.pca.state.mn.us/water/standards/inde.g.html#nondeqgradation.
MPCA Water Quality Standards: Numerical and narrative standards and criteria

http://www.pca.state.mn.us/water/standards/inde.g.html#nnstandards.

7.11. Minnesota Soil and Water Conservation Districts (SWCD)
Minnesota Association of Soil and Water Conservation Districts (MASWCD) Home http://www.
maswecd.org/inde.qg.htm.

SWCD directory, retrieved April 4, 2005,

http://www.bwsr.state.mn.us/directories/SWCDs.pdf.

7.12. Minnesota Watershed Districts and Water Management
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Organizations

Minnesota Association of Watershed Districts
http://mnwatershed.govoffice.com/inde.g.asp?Type=B_BASIC&SEC={1F1ACEE4-3C71-468E-
8830-469FA9E1C8CE.

7.13. National Oceanic and Atmospheric Administration (NOAA)
NOAA

http://www.noaa.gov/.

NOAA's Coastal Nonpoint Pollution Control Program
http://www.ocrm.nos.noaa.gov/czm/6217/.

NOAA's Minnesota Coastal Zone
http://www.ocrm.nos.noaa.gov/czm/czmminnesota.html.

NOAA's NFIA

http://www.csc.noaa.gov/opis/html/summary/nfia.htm.

7.14. National Park Service (NPS)

History of Critical Area
http://www.nps.gov/miss/programs/critical/cahist.htm.
National Park Service MNRRA website
http://www.nps.gov/miss/inde.g.html.

National Park Service Program at a glance, Partnership Wild and Scenic Rivers
http://www.nps.gov/nero/rivers/wildandscenic.htm.
National Wild and Scenic Rivers Act
http://www.nps.gov/rivers/wsract.html.

National Wild and Scenic Rivers Act Enabling Legislation
http://www.nps.gov/rivers/wsract.html.

National Wild and Scenic Rivers System home page
http://www.nps.gov/rivers/.

7.15. U.S. Army Corps of Engineers (USACOE)

Sacramento District Regulatory Branch
http://www.spk.usace.army.mil/organizations/cespk-co/regulatory/inde.g.html.
Overview of the Corps’ Permit Programs
http://www.mvp.usace.army.mil/requlatory/default.asp?pageid=799.

U.S. Army Corps of Engineers’ Permit
http://www.nwp.usace.army.mil/op/g/Regs/Permit_req.htm.

U.S. Army Corp of Engineers’ Recognizing Wetlands an informational pamphlet
http://www.sac.usace.army.mil/permits/rw-bro.html.

U.S. Army Corps of Engineers’ Section 404 Regulations
http://www.usace.army.mil/inet/functions/cw/cecwo/reg/33cfr323.htm.

U. S. Army Corp of Engineers, St. Paul District
http://www.mvp.usace.army.mil/.

U.S. Army Corp of Engineers’ wetland information
http://www.sac.usace.army.mil/permits/wet.html.

7.16. U.S. Environmental Protection Agency (USEPA)
USEPA's Underground Injection Control Program
http://www.epa.gov/region5/water/uic/.

USEPA'’s Class V Injection Wells
http://www.epa.gov/safewater/uic/c5fin-fs.html.
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USEPA’s Class V Injection Wells and Stormwater
http://www.epa.gov/safewater/uic/pdfs/fact_class5_stormwater.pdf.
USEPA’s Clean Water Act
http://www.epa.gov/regionS/water/cwa.htm.

USEPA’s Clean Water Act module
http://www.epa.gov/watertrain/cwa/inde.g.htm.

USEPA’s Clean Water Act module Section 319 page
http://www.epa.gov/watertrain/cwa/cwab2.htm.

USEPA’s Clean Water Act module Section 401 page
http://www.epa.gov/watertrain/cwa/cwa5s8.htm.

USEPA’s Clean Water Act module Section 402 page
http://www.epa.gov/watertrain/cwa/cwa37.htm.

USEPA’s Clean Water Act module Section 404 page
http://www.epa.gov/watertrain/cwa/cwab5.htm.

USEPA’s Coastal Zone Act Reauthorization Amendments Section 6217
http://www.epa.gov/owow/nps/czmact.html.

USEPA’s Current TMDL Program and Regulation
http://www.epa.gov/owow/tmdl/overviewfs.html

USEPA's NPDES

http://cfpub.epa.gov/npdes/inde.qg.cfm.

USEPA’s Region 5

http://www.epa.gov/Reqion5/.

USEPA’s Safe Drinking Water Act 30th Anniversary Understanding the Safe Drinking Water Act
http://www.epa.gov/safewater/sdwa/30th/factsheets/understand.html.
USEPA’s Source Water Assessment Page
http://www.epa.gov/ogwdw/protect/assessment.html.

USEPA’'s TMDL definition
http://www.epa.gov/owow/tmdl/intro.html#definition.

Source Water Assessment Program
http://www.epa.gov/safewater/protect/swap.html.

7.17. U.S. Fish and Wildlife Service (FWS)
U.S. Fish and Wildlife Service, Great Lakes-Big Rivers Region Regional Office
http://www.fws.gov/midwest/regionaloffice/.

7.18. US Forest Service

U.S. Forest Service Eastern Region

http://www.fs.fed.us/r9/.

US Forest Service Mississippi National River & Recreation Area
http://www.nps.gov/miss/inde.g.html.

7.19. Other Web References

Minnesota Shoreland Management Resource Guide
http://www.shorelandmanagement.org/.

Minnesota Statutes 2004 Table of Chapters
http://www.revisor.leg.state.mn.us/stats/103E/.
University of Minnesota Extension
http://www.extension.umn.edu/inde.g.html

8. Other Tables and Figures

See Tables on following pages.
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Table 5.3 Permitting Worksheet

Step 1: Determine if your project entails a regulated activity:

pipe, transmission line,
etc.)?

Check project plans

owner of land

Primary
Is the project: Yes| No Not sure? Agency Related Permits You May Need
to Contact
disturbing > 1 acre? Check project plans | MPCA, MS4 | NPDES/SDS Construction Permit
dewatering? Check project plans DNR Water Appropriations Permit
appropriating water? Check project plans DNR Water Appropriations Permit
an industrial Check proiect plans MPCA NPDES/SDS Industrial Permit
discharge? projectp Met Council | Industrial Waste Disposal Permit
. . MPCA .
a feedlot operation? Check project plans MDA NPDES/SDS Feedlot Permit
discharging to Special Check Spgmal MPCA NPDES/SDS Permits
Waters? Waters list
discharging to surface Check proiect plans MPCA NPDES/SDS Permit
waters? projectp DNR Water Appropriations Permit
disposing/injecting I
stormwater into the Check project plans USEPA Class v InJe_cthn el Inventqry
Class V Injection Well Permit
shallow subsurface?
Section 404 Permit
Check NWI USAsE Public Waters Permit
draining wetland? Check wetland MPCA Section 401 Water Quality
delineation BWSR_ LGU Certification
' Waters/Wetlands (WCA) Permit
Section 404 Permit
Check NWI USALE Public Waters Permit
filling wetland? Check wetland MPCA Section 401 Water Quality
delineation BWSR LGU Certification
’ Waters/Wetlands (WCA) Permit
Section 404 Permit
Check NWI USALE Public Waters Permit
excavating wetland? Check wetland MPCA Section 401 Water Quality
delineation BWSR LGU Certification
’ Waters/Wetlands (WCA) Permit
Section 404 Permit
Check NWI USQEE Public Waters Permit
innundating wetland? Check wetland MPCA Section 401 Water Quality
delineation BWSR LGU Certification
’ Waters/Wetlands (WCA) Permit
affecting a calcareous Check calcareous DNR Calcareous Fen Management
fen? fens list MPCA Plan
’ Individual NPDES/SDS Permit
working below the
ordinary high water Check OHWL . .
level or in a Public Check PWI DNR Public Waters Permit
Water?
a utiity crossing (e.g. DNR, public | Utility Crossing License, State/

Public Landowner Permission



http://www.pca.state.mn.us/publications/wq-strm1-05.xls
http://www.pca.state.mn.us/publications/wq-strm1-05.xls
http://wetlands.fws.gov/
http://wetlands.fws.gov/
http://wetlands.fws.gov/
http://wetlands.fws.gov/
http://www.pca.state.mn.us/publications/wq-strm1-06.xls
http://www.pca.state.mn.us/publications/wq-strm1-06.xls
http://www.dnr.state.mn.us/waters/surfacewater_section/hydrographics/ohw.html
http://www.dnr.state.mn.us/waters/watermgmt_section/pwi/maps.html
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‘ Table 5.3 Permitting Worksheet

Step 2: Determine the receiving water

(ORVWs)?

I.s the project area Is Primary Considerations and Related
in, near, or draining |Yes| No Not Sure? Agency :
. X Permits You May Need
directly to: to Contact
a trout lake or lake . . -
trout lake? Check trout lakes DNR Special Permit Conditions Apply
DNR public waters? Check PWI DNR Public Waters permit
Section 404 or Section 10 Permit
a water of the US? Check Waters of US USACE and Section 401 Water Quality
Certification
a trout stream? Check trout streams DNR Special Permit Conditions Apply
a wild, scenic, or Check WSR Rivers DNR Special Permit Conditions Apply
recreational river?
the Upper Mississippi Check Special . . -
River? Waters DNR Special Permit Conditions Apply
a public drainage Contact Drainage Drainage Drainage permit/oermission
ditch? Authority Authority gep P
Cheok NW! B bl Waiers Pormit, andlor
wetland? Check wetland BWSR, LGU . o
. . Section 401 Water Quality
delineation P
Certification
WCA Permit, Section 404 Permit,
DNR public waters Public Waters Permit, and/or
wetlands? Check PWI DNR Section 401 Water Quality
Certification
Approved calcareous fen
Check Calcareous management plan
”
a calcareous fen? Fens list DNR, MPCA and individual NPDES/SDS
permit
an impaired water or . . . -
TMDL listed water? Check 303d list MPCA Special Permit Conditions Apply
outstanding resource
value waters Check ORVWSs MPCA Special Permit Conditions Apply



http://www.dnr.state.mn.us/fishing/trout_lakes/list.html
http://www.usace.army.mil/inet/functions/cw/cecwo/reg/33cfr328.htm
http://www.dnr.state.mn.us/fishing/trout_streams/index.html
http://www.dnr.state.mn.us/waters/watermgmt_section/wild_scenic/index.html
http://www.pca.state.mn.us/publications/wq-strm1-05.xls
http://www.pca.state.mn.us/publications/wq-strm1-05.xls
http://wetlands.fws.gov/
http://www.dnr.state.mn.us/waters/watermgmt_section/pwi/maps.html
http://www.pca.state.mn.us/publications/wq-strm1-06.xls
http://www.pca.state.mn.us/publications/wq-strm1-06.xls
http://www.pca.state.mn.us/publications/reports/tmdl-list-2004.pdf
http://www.revisor.leg.state.mn.us/arule/7050/0180.html
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Table 5.3 Permitting Worksheet
Step 3: Determine if your project area is in, near, or draining to special areas:
_Is L0 [ s _arga D Considerations and Related
in, near, or draining |Yes| No Not Sure? Agency :
. Permits You May Need
directly to: to Contact
Check with MS4
a MS4? (City, Watershed, Mn/| MPCA, LGU NPDES/SDS MS4 Permit
DOT)
a construction site? Check with LGU MPCA, LGU |NPDES/SDS Construction Permit
MPCA NPDES/SDS Industrial Permit
an industrial site? Check with LGU . or Industrial Waste Disposal
Met Council -
Permit
a feedlot operation? Check with LGU MPCA NPDES/SDS Feedlot Permit
a coastal zone (Lake Check Coastal Zone DNR Special Permit Conditions Apply
Superior)?
the Mississippi River Check MRCA DNR Special Permit Conditions Appl
Critical Area (MRCA)? Sheck YRLA P PRl
a shoreland district? Check with LGU LGU Special Permit Conditions Apply
a floodplain, floodway, Check FEMA maps LGU Special Permit Conditions Apply
or flood zone?
. Check Wilderness | NPS, USFS . . -
’; 1 1
a wilderness area* Areas BLM. USFWS Special Permit Conditions Apply
a sment;lf;(;:; natural Check SNAs DNR Special Permit Conditions Apply
alake |.mp.rovement Check with LGU LGU Special Permit Conditions Apply
district?
a dewatering site? Check project plans DNR Water Appropriations Permit
a watershed district WD/
or water manggement Check WD/WMOs WMO BWSR Watershed Permits
organization?
an Ind'?n Check Reservations Tribal Tribal Permits
Reservation? government
federally protected . NPS, USFS, . . L.
land? Check with LGU BLM, USFWS Special Permit Conditions Apply
a source water Check with LGU | LGU, MDH | Special Permit Conditions Apply
protection area?
a drlnk_lng water Check with LGU LGU, MDH | Special Permit Conditions Apply
protection area?
a karst area? Check Karst DNR, LGU | Special Permit Conditions Apply



http://www.dnr.state.mn.us/waters/watermgmt_section/critical_area/index.html
http://store.msc.fema.gov/webapp/wcs/stores/servlet/CategoryDisplay?catalogId=10001&storeId=10001&categoryId=12001&langId=-1&userType=G&type=1
http://www.dnr.state.mn.us/snas/list.html
http://www.kstrom.net/isk/maps/mn/mnrezmap.html
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Table 5.3 Permitting Worksheet

.. Check with LGU LGU, MDH | Special Permit Conditions Apply

a wellhead protection
area?

Agency to consult:

Permits which may be required:

Local Zoning Authority:

Local Watershed Organization:

Contact Name:

Contact Name:

Address:

Address:

City, State, Zip:

City, State, Zip:

Telephone: Telephone:
Email: Email:
Web: Web:

Local Permits which may be required:

Watershed Permits which may be
required:
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Chapter 6

Introduction to Best Management
Practices

This chapter provides an introduction into the selection of best management practices (or BMPs).
1t provides some insight into selection of a BMP suite or specific practice, and provides some
advice on how to retrofit and respond to mosquito concerns.

1. Using the Treatment Train Approach to BMP Selection

1.1. Introduction

The basic premise for selection of a Best Management Practice (BMP) or group of BMPs is to
follow the treatment train approach introduced in Chapter 1 (Figure 6.1). Under the treatment
train strategy, stormwater management begins with simple methods that minimize the amount
of runoff that occurs from a site and methods that prevent pollution from accumulating on the
land surface and becoming available for wash-off. Even though we know that we will never be
able to fully accomplish either of these goals, we can make substantial progress using the better
site design technigues shown in Chapter 4 and the pollution prevention, volume minimization,
temporary construction erosion control and supplemental techniques in Chapter 12.

After all of the efforts possible are made to minimize runoff and surface wash-off, we must
recognize that some potential for runoff will occur. The next major BMP then becomes collection
and treatment of runoff locally and regionally, either as stand-alone practices or in treatment train
combinations. Some of the available BMPs are best used to reduce runoff volume, while others
focus on water quality improvement. Some BMPs will be easy to implement, while others in-
volve serious engineering and sophisticated design. Chapter 12 presents detailed design guidance
for categories of structural BMPs: bioretention devices, filtration practices, infiltration practices,
stormwater ponds and stormwater wetlands.

1.2. Proper Treatment Accounting

When evaluating the benefits of various BMPs, it is essential to account for the amount of water
that will enter the system versus the amount that will be by-passed or diverted. Water that does
not fall within the design parameters of a BMP will be sent either to another down-gradient BMP
or simply routed to receiving water untreated (not recommended). Although some BMPs, such

148
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as ponds and wetlands, will minimally treat excess water because it is routed through the BMP,
other such as filtration and infiltration systems, cannot operate properly if excess water flows into
them. This is an important distinction that must be evaluated for each BMP installation.

The design recommendations and expected BMP performance contained within this Manual
assume that only the amount of water contained within the design will actually be treated. It is
not acceptable to assume that all water falling in any event and within the area draining to a BMP
will, in fact, be treated by that BMP. An analysis of every BMP installation should include an
identification of where by-passed water will flow and how it could be treated.

1.3. Pollutant Removal Mechanisms

The key to proper selection of a single or series of BMPs is to match the pollutant to be
controlled against the pollutant removal mechanism of a specific BMP. For example, it is not
appropriate to use a stormwater pond when temperature control is necessary; however it is very
appropriate to use a pond for purposes of rate control. The definition of pollutant being utilized
by the Minnesota Stormwater Manual includes both the traditional pollutants (nutrients, solids,
etc.) plus the negative effects caused by thermal increases and excessive rate/speed of stormwater
flows. Stormwater planners and designers will first need to understand the pollutant or pollut-
ants of concern that may be generated at their sites. At the early stages of design, stormwater
managers should be contacting local water management agencies (watershed districts, watershed
management organizations, soil and water conservation districts, counties and/or cities) to learn
which pollutants are necessary to control prior to discharge of new stormwater runoff to local
water bodies.

Figure 6.1 The Treatment-train Approach to Runoff Management

RUNOFF MANAGEMENT
TREATMENT TRAIN

Prevent Pollution

Regional
Structure p

Source Control

(Runoff Volume
Minimization)

(for water
quality, channel
protection,
flood control)

Receiving Water
| JH- -
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The guidance fact sheets contained in Chapter 12 discuss the pollutant removal mechanisms
of each BMP in greater detail. However, the key mechanisms for each group of structural BMPs
are presented in Table 6.1 and can be used by mstormwater managers as a preliminary screening
tool. Further tools for BMP selection are presented in Chapter 7.

1.3.1 Water Quality Pollutant Removal Mechanisms

Screening/Filtration: The capture of solid pollutants through screens and/or filters which use
a media such as sand. Effective for removal of suspended solids.

Infiltration/Ground Water Recharge: A technique to discharge stormwater runoff to ground
water. Effective when runoff volume controls are required and surface water temperatures must
be controlled.

Settling: Deposition of solids in a water column, usually in a pond, wetland or hydrodynamic
device. Typically a minimum of 12 hours of detention is needed to effectively settle solids in
stormwater ponds and stormwater wetlands.

Biological Uptake: Vegetative and microbial uptake of nutrients. Usually accomplished in
biofiltration devices and stormwater wetlands.

Temperature Control: Techniques to reduce the heating effects when runoff flows across hot
pavements. Most effective technique is for groundwater to cool treated runoff.

Soil Adsorption: The physical attachment of a particle, usually nutrients and heavy metals, to
the soil.

1.3.2 Water Quantity Control Mechanisms

Volume Control: Methods to limit the net increase in stormwater runoff volume caused by
the creation of new impervious surfaces. Most common techniques include limitation of new
surface areas, infiltration, and re-use by vegetation.

Rate Control: Detention of stormwater runoff to slow the discharge of runoff to surface waters
to rates comparable with pre-development conditions (see Chapter 10). Effective for peak rate
control, but can significantly increase the time period of the peak flows.

\elocity Control: Similar to rate control; intentional restriction of stormwater runoff such that
velocity of discharged runoff through downstream channels does not cause channel erosion.

Evapotranspiration: Specific volume control technique that utilizes evaporation from water
surfaces and/or transpiration by vegetation.
1.4. BMP Organization

The following sections describe the BMPs that are recommended for Minnesota. The selection
criteria are included in Chapter 7 and the specific information on each category is included in
Chapter 12. Some additional support information occurs in Appendix D. Note that the order of
the BMP presentation follows the treatment train sequence illustrated in Figure 6.1.

1.4.1 Non-Structural or Planning Level BMPs

The first level of BMP application occurs at the planning stage and is intended to minimize
the impact of development. These practices are intended to prevent pollution and minimize the
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increase in stormwater volume and are considered prior to initiation of construction or land alter-
ing activity.

A. Pollution Prevention Practices (Water Quality Focus).

Residential, municipal and industrial/commercial practice categories Specific recommended
practices include such things as:
» Housekeeping including landscaping, street sweeping, pavement maintenance, catch basin
maintenance, yard waste reduction and litter control
» Atmospheric controls including wind erosion and dust, as well as regulatory emission
regulations
» Chemical control of hazardous waste and salt, fertilizer/pesticides, spills (including pre-
vention), swimming pool drainage
* Animal waste management
* Stream-bank stabilization
* Public works activities including chemical and sanitary wastes, and sewer maintenance

Table 6.1 Primary and Secondary Pollutant Removal Mechanisms

Pollutant Removal Mechanisms
Water Quality Water Quantity
=
i)
- o ° IS
o)) = o — = = = =
BMP Group 2 5 -§ % o gg % 5| _ S QE,§ E é‘@ .g
cE|sS|s| 8= |aE| 35| 3E|S|8E| ¢
o5 | =9 ) 2 | 20| N3 S O o T O ©
ST | Ex| =2 g0 - | >0 = > 0 S
%] IS s} o < & S
[ 04 =
>
m
Pollution Prevention Not applicable — pollutants not exposed to stormwater
Better Site Design / Low
° © © © © © ) © © ©
Impact Development
Runoff Volume
A © © ) ©
Minimization
Temporary Construction ° ° o
Sediment Control
Bioretention ° © © © © © © © ©
Filtration [ © © © © ©
Infiltration ) [ © ) © © ©
Stormwater Ponds © o © ° [ ©
Stormwater Wetlands ) © [ ) ) ) [ ) [ ©
Supplemental Each supplemental and proprietary device should be carefully studied to
Treatment learn the primary and secondary pollutant removal functions.
® = Primary Pollutant Removal Mechanism
©= Secondary Pollutant Removal Mechanism
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B. Better Site Design.
* Refer to Chapter 4.

C. Runoff Volume Minimization
(Water Quantity Focus; See Also Table 7.1). Note that many typical runoff volume reduction
techniques are included in the Chapter 4 discussion of better site design, including:

» Green roofs/rooftop gardens

* Pervious pavement/lattice blocks

+ Rainwater harvesting (barrels/cisterns, evaporative and irrigation systems)

D. Temporary Construction Sediment Control

(Water Quality Focus; See Also Table 7.2; Reference MS4, NPDES, and Local References and
Ordinances). These practices are described in terms of perimeter, slope, drainage-way and “other”
criteria, and include:

* \egetated buffers

« Silt fence

» Access/egress and drainage inlet protection

* Soil and slope stabilization

» Exposed soil covers and reinforcement

1.4.2 Structural BMPs

These BMPs have design guidance describing the engineering details for the BMP category. This
design guidance is used, for example, to determine storage volume and physical configuration
that best meet the objectives of the BMP application. Also note that some of these BMPs, such

as filtration, can be either a primary treatment technique or used for pre-treatment into another
BMP.

A. Bioretention
This BMP suite includes vegetated systems that provide a combination of filtration and infiltra-
tion into a bio-system consisting of plants and soil, including:

* Rain gardens: Depressed parking lot/traffic islands

» Road medians

* Tree pits/stormwater planters

B. Filtration
* Media (sand) filters (surface, underground, perimeter/Delaware filter)
» Surface (vegetative) flow (grass channels, dry or wet swales, filter strips)
» Combination media/vegetative filters

C. Infiltration
* Trenches
 Basins
* Dry wells
» Underground systems
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D. Stormwater Ponds.

Design based upon components needed to fulfill the desired function. Components include
forebay/pre-treatment, various storage volumes, physical configuration. Functions include water
quality (including thermal impact) and flow control (rate and volume), which determine whether
they are wet/dry or some combination

E. Constructed Wetlands.

Selection criteria is similar to stormwater ponds. Components include pre-treatment, various
storage volumes (detention needed), biologic character. Functions include primarily water qual-
ity and flow control, but could also include ecological factors

1.4.3 Supplemental Pre- and Post-Treatment BMPs

The final category of BMPs present those that are generally, but not always, included in the
stormwater treatment train as a supplement to the primary treatment device. Although this is not
generally recommended, there is the possibility that these devices could be the only BMP used.
These are described in less detail than the previous sections.

The designer will be guided through a process of determining the function a generic device
serves within the treatment train and evaluating the proposed device against the needed func-
tion and manufacturer claims. Proprietary devices are generically described rather than listed as
individual companies to avoid risking some omissions and claims of certification in the Manual.

A. Supplemental Pre- and Post-Treatment.
» Hydrodynamic
» Proprietary sediment and oil/grease removal devices
» Wet vaults
» Sorbents
» Skimmers
* Filtration
» Catch basin inserts
» Sorbents
» Proprietary filtration devises
* Chemical/biological treatment
» Chemical treatment * (ferric chloride, alum, polyacrylamides)
» Biological additives (ex. chitosan)

v

* Note that these chemical treatments could be limited in the State of Minnesota because of the
potential toxic effects associated with them; care will be taken to assess these impacts in the BMP
discussion.

2. Using the Manual to Select BMPs

The approach used in this Manual is slightly different from many other manuals. The proposed
concept uses a “functional components approach” wherein basic BMP components are selected
and pieced together to achieve a desired outcome. For example, if a BMP is needed to reduce
peak discharge and remove sediment, the “Stormwater Ponds” BMP detailed in Chapter 12 is
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selected and the actual design components are then assembled based upon the material presented
in the design guidance. In this case, a pond with a specific outflow rate(s) and sufficient water
quality storage is designed to meet both functions according to state design criteria. This ap-
proach limits the inclusion of numerous individual BMP sheets in favor of categorical sheets with
design variations included on each sheet. This should be a more user-friendly way of defining
how BMPs can be designed to solve a particular problem.

The BMP lists follow a simple-to-more complex treatment train sequence, one that starts with
on-site pollution prevention and works upward in complexity to wetland systems. The final sec-
tion on treatment supplements is a compilation of additional measures that could be used to
enhance treatment either before or after more complex BMP use.

Chapter 12 includes detailed BMP fact sheets on bioretention, filtration, infiltration, ponds
and wetlands. Pollution prevention, runoff minimization and temporary construction runoff con-
trol practices will include some descriptive language for the numerous practices listed via “fact
sheets,” but will not contain engineering details. The final section on treatment supplements will
similarly not contain detailed engineering, but will describe a process that designers should fol-
low when considering the use of proprietary devices, inserts and chemical/biological treatment.

The beginning stormwater manager or a designer unfamiliar with the many BMPs available
might have some questions on which BMP or group of BMPs to include in a treatment scheme.
Table 6.2 is a screening tool to get the user going on BMP selection. It contains the list of BMPs
contained in this Manual and a corresponding list of use assessment parameters to help narrow
the wide range of potential BMPs for a particular project. A user will need to have some objec-
tives in mind to extract information from the matrix, but once into the matrix, selection of BMPs
based on either positive or negative factors will be possible.

Figure 6.2 Total Construction and Maintenance Cost for Water Quality Volumes of a Wet

Basin (Source: Mn/DOT, 2005)
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2.1. Using Cost Factors to Select BMPs

Stormwater managers are reluctant to make a final BMP selection without having some basic
information on the construction and maintenance costs. Chapter 12 and Appendix D contain
guidance on the preparation of construction and maintenance costs for specific BMPs. However,
this technique is not always practical or even feasible at the BMP selection stage. Stormwater
managers who wish to learn the relative cost effectiveness between two specific BMPs are en-

Figure 6.3 Restored Ames Lake in St. Paul (Source: Metropolitan Council)

Figure 6.4 Luce Line Parking Lot Infiltrating Rain Garden.
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couraged to use information prepared by the Minnesota Department of Transportation in a May,
2005 report titled The Cost Effectiveness of Stormwater Management Practices. As part of their
research, the authors incorporated both historical construction costs and 20 years of expected an-
nual maintenance costs. The result is a series of graphs that present total present cost (construction
plus maintenance) plotted against water quality volume. Figure 6.2 can be used to determine the
total present worth value of construction plus maintenance costs for wet basins. Similar graphs
are available for dry detention basins, constructed wetlands, infiltration trenches, bio-infiltration
filters, sand filters, and 1,000-foot long vegetated swales in the Mn/DOT report. This simple
technique can then be used to estimate the total present cost of a BMP under consideration. For
purposes of establishing a specific budget for construction and maintenance, stormwater manag-
ers are encouraged to follow the procedures outlined in Chapter 12.

3. Retrofitting To Achieve Better Stormwater Management

Retrofitting is the introduction of a new or improved stormwater management element where it
has either never existed or where it did not operate effectively. A golden opportunity for retrofit-
ting exists every time re-development takes place, a road repair is done, or a major water project
occurs. Every time a retrofit is installed, the stormwater leaving a site should be improved. Even
if the improvement is very small in scope, the net result is positive.

Two examples of retrofits with very different scales are the Ames Lake project in St. Paul
(Figure 6.3) and the Luce Line project in Plymouth (Figure 6.4). The Ames Lake project involved
the demolition of a 1950s-era shopping center and the re-introduction of a wetland where it once
stood. Figure 6.3 shows the before and after condition of restored Ames Lake.

Small-scale improvements can also be made, such as the installation of an infiltration rain
garden at the DNR’s Luce Line Trail parking lot in Plymouth. A cooperative venture among
the Gleason Lake Improvement Association, Minnehaha Creek Watershed District, Metropolitan
Council, City of Plymouth, DNR and Luce Line Trail Association led to the installation of the
system shown in Figure 6.4, which infiltrates essentially all of the parking lot rainfall and snow-
melt runoff.

These are just two of many examples that show how retrofits can improve stormwater handling
in situations that have not ever been treated or were altered so that no trace remains.

The BMP design guidance in Chapter 12 is suitable to retrofit situations. Often stormwater
retrofits are considered supplemental to on-site stormwater systems, and therefore may not be
subject to design requirements set by the Minnesota Pollution Control Agency and local storm-
water management agencies. Stormwater designers are encouraged to confirm local retrofit de-
sign requirements.

3.1. Mosquito Control and Stormwater Management

3.2. Background

Because stormwater management usually deals with the transmission, storage and treatment of
water, there is much concern about the proliferation of mosquito breeding habitat associated with
BMPs. This is a well-founded concern because mosquitoes may colonize any source of standing
water provided there is a source of organic material to provide sustenance to larvae (Messer,


http://www.lrrb.org/pdf/200523.pdf
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2003). Although this basic fact often means that BMPs will result in more mosquitoes, there are
many design and management measures that can be followed to minimize this increase.

The primary threat to Minnesotans from mosquitoes, besides the nuisance, is the transmis-
sion of serious disease. West Nile Virus (WNV) and various forms of encephalitis are the major
concerns. In spite of this threat, the U.S. Department of Health and Human Services Centers for
Disease Control and Prevention (CDC) and Minnesota Department of Health both point out that
a very small percentage of mosquitoes are vectors for disease and many of those bitten by carriers
will not experience major health consequences, although minor difficulties could develop. Both
organizations advise avoidance of outside activity, use of repellents and good integrated pest
management programs (see next section) to avoid disease problems related to mosquitoes.

3.3. Mosquitoes in Minnesota

Minnesota is fortunate to have a major mosquito research and management agency, the Met-
ropolitan Mosquito Control District (MMCD), in the Twin Cities metropolitan area, as well as
research in other parts of the state by the University of Minnesota and the Minnesota Department
of Health. They have been able to characterize the occurrence of mosquitoes and the problems
they cause in the state.

Information provided by Nancy Read of the MMCD via education material (ex. Minnesota
Erosion Control Association Annual Conference, 2004) included the following basic facts:

* There are about 50 varieties of mosquito in the state, but only a few are efficient transmit-
ters of diseases such as WNV.

+ All mosquitoes need water for the larval and pupal stages of development. The larval stage
lasts anywhere from 5-7 days, so holding water for less than five days will prohibit the
progression of life past the larval stage. Standing water for over two weeks can easily breed
mosquitoes if not treated.

* Aedes vexans is the most common Minnesota mosquito. It is a “floodwater” mosquito
that lays its eggs on moist surfaces near water and relies on periodic submersion for eggs
to hatch into larvae. Eggs can remain viable on moist surfaces for years before hatching
once inundated. It is a vector (or carrier) of heartworm disease and may have a small role
in WNV transmission.

* Ochlerotatus triseriatus is a “trechole” variety floodwater mosquito that lays eggs in con-
tainers that periodically fill with water, such as tires, bird baths, or holes in a tree. This
variety is a vector for LaCrosse encephalitis, which affects primarily children.

» Culex tarsalis is a standing-water species that is principally responsible for the spread of
WNV in the western US. It lays eggs in “rafts” in standing water. The ideal habitat for
Culex species are areas that will remain wet for about two weeks, contain vegetation for
shelter and nourishment, and have few predatory fish.

» Culex pipiens and restuans are species often found in stormwater catch basins, rip-rapped
areas and ponds with vegetative debris. MMCD treats 50,000 water-holding catch basins
in the Twin Cities metropolitan area to control these species.

» The larvae of the cattail mosquito, Coquillettidia perturbans, attach themselves to cattails
and breathe through the inner air tube. Eggs are laid in late summer, with larvae able to
over-winter under the ice. These varieties emerge as adults in large quantities around mid-
summer.
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* MMCD uses an integrated pest management (IPM) approach to controlling mosquitoes
that targets primarily the larval stage through the use of bacteria (Bti or Bacillus thuringi-
ensis var israelensis) toxic to larvae and growth regulators (methoprene) that inhibit larval
development. Some limited spraying with synthetic pyrethoids is done for adults. IPM
also includes good site design for BMPs and encourages biological control agents like
predators (especially fish).

3.4. Methods to Limit Mosquito Breeding in Stormwater Facilities

The presence and behavior of water is the most important element to the continuing life cycle of
the mosquito. Controlling standing and stagnant water, and adapting design and habitat conditions
are the ways stormwater managers can avoid a proliferation of mosquito breeding in association
with stormwater BMPs.

A number of technical publications, articles and fact sheets on mosquitoes (Aichinger, 2004;
Commonwealth of Virginia, 2003; Messer, 2003; Metzger, 2003; Nancy Read, MMCD, personal
communications; Stanek, brochure with no date; USEPA, brochure with no date; Wass, 2003)
were evaluated to come up with the following advisory material for homeowners (possible public
information for SWPPPs) and stormwater managers.

3.4.1 Homeowner Actions

QEliminate standing and stagnant water around the home, such as in abandoned tires, boat
covers, wheelbarrows, flower pots, or other containers. Change the water in wading pools,
birdbaths, or dog dishes frequently.

QProtect family members from mosquito contact via such measures as house screening,
avoidance during hours of maximum exposure, repellents, clothing coverage.

QChlorinate, clean and cover swimming pools, and prevent water from collecting on cover.

QUnclog roof drains and downspouts.

U Aerate water gardens or use fish to prevent larval mosquito development.

UScreen rain barrels to keep adult mosquitoes from laying eggs.

3.4.2 Stormwater Managers Actions
See next section for additional information on items marked with an asterisk (*).

QUse BSD/LID development techniques to reduce the amount of stormwater that needs to
be conveyed and managed.

UDo not allow water to collect in “temporary” facilities for longer than five days, preferably
less than three.

U Adhere to Minnesota Construction General Permit requirement to drain infiltration/filtra-
tion BMPs within 48 hours.

UAvoid allowing standing water to collect in inlets and outlets and in conveyance pipes;
avoid corrugated pipe without constant flow and sumps in catch basins.

U Maintain and clean-out sediment traps/basins and all drainage structures, inlets, outlets and
orifices (use only openings >3 to prevent clogging) to keep positive water drainage.

QScreen inlet and outlet pipes or place under water if no other control available (prevents
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fly-in).

WEliminate standing stagnant water as part of any BMP appurtenance, including forebays,
sediment traps, sump areas and pumps. (*)

U Avoid the use of rip-rap that can catch and hold organic debris in a wet area. (*)

W Design de-watering capability into every BMP for routine dry-down and maintenance.

UMinimize installation of BMPs that will collect stormwater for only brief periods then
stagnate until the next event; this could include a water budget analysis to make sure some
baseflow will occur through the BMP.

UMinimize shallow depths (less than one-foot) as part of ponds and wetlands (¥); if this
cannot be done, make sure flow continually occurs over the shallow area.

UDesign facilities to minimize vegetation overgrowth floating organic debris, algae, trash,
sediment dead grass/clippings, and cattails. (*)

U Avoid the use of mulch that will wash into any BMP (use geo-technical material or secured
mats instead).

UAvoid vegetation cutting operations that leave debris, blow into standing water, or leave
ruts for water accumulation.

UKeep dense emergent vegetation limited to narrow (<1m) bands around areas with stand-
ing water and prevent the development of cattail stands. (*)

U Keep permanent pool embankments steep to prevent emergent vegetation, especially cat-
tails, from growing; carefully plan plant species for aquatic/access benches to avoid cattail
intrusion. (*)

UFall draw-down on cattail marshes can be a very effective control for cattail mosquitoes,
which overwinter as larvae in the water.

U Design healthy natural systems that encourage mosquito predators to thrive and have ac-
cess to mosquito larvae; this includes open water (over four-feet deep) as part of wetland
design (preferably oriented perpendicular to flow-through), minimization of stagnant, non-
flowing water, creation of diverse vegetation along periphery of ponds.

UFor stormwater wetlands, maintain a constant water table just below the ground surface (or
above ground <5 days) to minimize mosquito production.

URequire a written inspection and maintenance plan that addresses stagnant water, water
quality, and vegetation and debris management.

WConsider including mosquito control as a potential annual maintenance cost in some situ-
ations.

O Work with vector control agencies on integrated pest management approach to larval con-
trol.

UAlways design access for vector control staff to reach entire BMP, not just the inlet or
outlet.

UProperly design and maintain all stormwater BMPs.

3.5. Compatibility with Common BMP Design

A cursory consideration of the list of commonly used Minnesota BMPs relative to the above list
would seem to indicate that some BMPs might be more desirable than others when mosquitoes
are concerned. The practices that would seem to be the best for preventing mosquitoes would be
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permanent pools with steep slopes below the water line, infiltration devices that drain effectively
in 48 hours, bioretention that infiltrates or filters water then dries at the surface, dry ponds, ponds
with a water quality volume that is fully treated and discharged within three days, and healthy
pond/wetland systems (those with diverse vegetation, open water areas over three-feet in depth,
fairly steady water levels and low nutrient loads).

Practices that would seem to cause mosquito breeding to proliferate would include water
basins or holding areas that hold water in a stagnant condition for longer than three days, sub-
grade treatment systems that include sumps and are not properly sealed, poorly maintained water
holding areas that contain substantial amounts of vegetative debris, wet meadows with less than
one-foot of standing water, and storage areas that bounce up and down repeatedly. Not all of these
systems need to be dropped from the list of suitable BMPs, but their use should be supplemented
with IPM techniques (ex. biological larvicides), physical sealing, or adequate maintenance.

The recommendations listed with a (*) above could be designs that appear to conflict with
common BMP use. Careful consideration of these practices can avoid the mosquito impact:

UAvoiding excessive vegetative growth does not mean minimizing vegetation, rather it
means keeping a healthy mix that thrives and does not overwhelm the BMP or an (upland)
area adjacent to a BMP. The same applies for emergent vegetation that is planted as part of
an overall planting scheme.

QShallow vegetated benches are part of the recommended access design for ponds, as out-
lined in Chapter 12. Although a recommendation above suggests that “shallow” water less
than one-foot be avoided in standing water situations, it might be necessary, depending
upon access needs, to construct such a bench. In addition, a recommendation above sug-
gests that dense periphery vegetation be limited to about 1m in width, whereas Chapter
12 recommends bench width at 10 feet. Designers are advised to use their judgment on
the mix of recommendations for edge-of-pond depth, depending upon priorities for access
relative to mosquito control. Care should be taken in plant selection, particularly if bench
depths less than one-foot are anticipated.

URip-rap or similar structural armor for bank stabilization are options that are sometimes
needed in erosive situations. The tendency for these materials to capture vegetative debris
and to create small pools of water make them ideal mosquito breeding sites. If mosquito
breeding is a concern at these installations, smoothing with a grout material or size grading
can be used to minimize edges and pools that promote mosquito habitat, or alternative
materials can be used.

U The required wet basin design in the MPCA CGP contains a water quality volume that is
temporarily detained above the permanent pool. Although there are no CGP requirements
for the amount of time this should be held, a minimum of 12 hours is recommended in
Chapter 10 and trying to get the extended detention pool to recede within three days is a
good goal to minimize possible mosquito breeding. Floodwater mosquito egg-laying on
the moist side slopes above the permanent pool is almost impossible to control in this situ-
ation because the eggs remain viable for up to five years and could hatch with the resulting
larvae inhabiting the pool whenever water levels rise. Standing water mosquito varieties
can be minimized with a management plan that allows these areas to fully dry out between
events. If conditions cannot be improved to minimize breeding habitat, biologic larvicides
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should be used.

UForebays, sediment traps and treatment sumps could all be part of a well designed treat-
ment train. The recommendation above to keep these from becoming stagnant is consistent
with good design principles and should not preclude their use. The essential elements in
keeping them “fresh” are to either drain them fully after use or keep baseflow moving
through them. MMCD began a monitoring program in underground structures in 2005
and has found evidence of mosquito breeding in half of the structures tested through mid-
summer of 2005. Studies in California outline more details of which structures are most
likely to provide habitat for mosquitoes (Metzger, et al., 2002).

In summary, there are many ways in which stormwater BMPs can become mosquito breeding
grounds if caution is not followed in their design, operation and maintenance. The means exist
to install BMPs that minimize the creation of mosquito habitat and/or to biologically attack the
larvae that result even under the best designs.
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4.1. Mosquito Control Information
American Mosquito Control Assoc.
http://www.mosquito.org/

BMPs and Mosquitoes National Information by Marco Metzger
http://www.forester.net/sw_0203_dark.html - 71k - 28 Oct 2003
California IPM for Mosquito Series, UC ANR Communication Services
http://www.ipm.ucdavis.edu/

CDC statement on stormwater and mosquitoes
http://www.cdc.gov/nceh/ehs/Docs/Stormwater-Factsheet.pdf

“Managing Mosquitoes in Surface-flow Constructed Treatment Wetlands” by William Walton
http://anrcatalog.ucdavis.edu/pdf/8117.pdf

“Management of Mosquitoes in Stormwater Treatment Devices” by Marco Metzger
http://anrcatalog.ucdavis.edu/pdf/8125.pdf

Metropolitan Mosquito Control District

http://www.mmcd.org/wnvfag.html

Rutgers University Mosquito Links
http://www-rci.rutgers.edu/~insects/links.htm

U.S. Department of Health and Human Services, Centers for Disease Control and Prevention
http://www.cdc.gov/ncidod/dvbid/westnile/index.htm

USEPA Mosquito Factsheet

http://www.epa.gov/pesticides/factsheets/mosquito.htm

USEPA Publication, How Specific Changes in Wetlands Changed Mosquito Populations
http://www.epa.gov/owow/wetlands/pdf/WestNile_pr.pdf

Willott, E. 2004. “Restoring nature, without mosquitoes?”” Restoration Ecology 12(2): 147-153.
http://research.biology.arizona.edu/mosquito/Willott/Pubs/Restore.html
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Chapter 7

Choosing Best Management Practices

This chapter guides designers through nine key factors involved in BMP selection, and features
a series of tables that present comparative BMP information. Beginning designers may wish to
go sequentially through all nine factors when screening BMP options, while more experienced
designers may only want to consult the individual factors they need to review.

1. Process for Selecting Best Management Practices

Designers need to carefully think through many factors to choose the most appropriate, effec-
tive and feasible practice(s) at a development site that will best meet local and state stormwater
objectives. This chapter presents a flexible approach to BMP selection that allows a stormwater
manager to select those BMPs most able to address an identified problem. Selecting an inappro-
priate best management practice (BMP) for a site could lead to adverse resource impacts, friction
with regulators if a BMP does not work as anticipated, misperceptions about stormwater control
success, and wasted time and money. Careful selection of BMPs will prevent negative impacts
from installing the wrong BMP at the wrong location. Regulators can similarly use these matrices
to check on the efficiency of proposed BMPs.

Nine factors should be evaluated in the BMP selection process, as follows:

I. Investigate Pollution Prevention Opportunities: Evaluate the site to look for opportuni-
ties to prevent pollution sources on the land from becoming mobilized by runoff.

I1. Design Site to Minimize Runoff: Assess whether any better site design techniques can be
applied at the site to minimize runoff and therefore reduce the size of structural BMPs.

I11. Select Temporary Construction Sediment Control Techniques: Check to see what set
of temporary sediment control techniques will prevent erosion and minimize site disturbance
during construction.

IV. Identify Receiving Water Issues: Understand the regulatory status of the receiving water
to which the site drains. Depending on the nature of the receiving water, certain BMPs may be
promoted, restricted or prohibited, or special design or sizing criteria may apply.

V. Identify Climate and Terrain Factors: Climate and terrain conditions vary widely across
the state, and designers need to explicitly consider how each regional factor will influence the
BMPs proposed for the site.

168
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VI. Evaluate Stormwater Treatment Suitability: Not all BMPs work over the wide range
of storm events that need to be managed at the site, so designers need to choose the type or
combination of BMPs that will provide the desired level of treatment.

VII. Assess Physical Feasibility at the Site: Each development site has many physical con-
straints that influence the feasibility of different kinds of BMPs; designers confirm feasibility
by assessing eight physical factors at the site.

VIII. Investigate Community and Environmental Factors: Each group of BMPs provides
different economic, community, and environmental benefits and drawbacks; designers need to
carefully weigh these factors when choosing BMPs for the site.

IX. Determine Any Site Restrictions and Setbacks: Check to see if any environmental re-
sources or infrastructure are present that will influence where a BMP can be located at the
development site.

1.1. Investigate Pollution Prevention Opportunities

Pollution prevention should be the first consideration during any development or redevelopment
project. This step involves looking for opportunities to reduce the exposure of soil and other
pollutants to rainfall and possible runoff. Examples of pollution prevention practices include
keeping urban surfaces clean, proper storage and handling of chemicals, and preventing exposure
of unprotected soil and pollutants. More information on pollution prevention practices can be
found in Chapter 12 of this Manual, and a description of the treatment train approach in Chapter
1 and Chapter 6.

1.2. Design Site to Minimize Runoff

A range of better site design (BSD) techniques are described in Chapter 4 of this Manual. These
can provide non-structural stormwater treatment, improve water quality and reduce the genera-
tion of stormwater runoff. These techniques reduce impervious cover and reduce the volume of
stormwater runoff at a site, which can save space and reduce the cost of structural BMPs. De-
signers should review Table 7.1 to understand the comparative benefits and drawbacks of BSD
techniques that could potentially be applied to the site. All of the techniques shown are suitable
for cold climate conditions in the State of Minnesota.

* How well does the technique reduce stormwater runoff volume? Each BSD technique
is rated as having a high, medium, or low capability to reduce the volume of stormwater
runoff generated at a development site. The ability to promote infiltration of runoff, pre-
serve natural hydrology or filter pollutants are main reasons why these techniques vary in
their volume reduction capability.

* |s the technique eligible for a possible stormwater credit? While all better site design
techniques can reduce the size and cost of structural BMPs needed at the site, six tech-
niques may be eligible as a stormwater credit during the design phase. Specific details on
how stormwater credits are computed and reviewed are provided in Chapter 11. Check
with your local review authority to see which credits may be offered in your community.
Stormwater credits can reduce required water quality volumes by as much as 10% to 40%,
and even more if multiple credits are applied.

* What are the potential cost savings for developers? Many BSD techniques can result
in significant cost savings for developers during construction, in the form of reduced in-
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frastructure costs, more available land for development, higher and faster sales, and lower
long-term maintenance costs. Table 7.1 ranks the potential cost savings for each technique,
as being high, medium, or low.

* How easy is it to implement the technique in most communities? Some BSD techniques
are standard practice in many communities, while others are newer and more difficult to
adopt. Table 7.1 rates how easy it is to implement each technique given typical local codes
or design guidelines in the State. Techniques denoted as experimental are not included in
current local design guidelines and may involve a time-consuming and uncertain approval
process. Required techniques are allowed under most local design guidelines; whereas pro-
moted techniques are actively encouraged in most communities. Constrained techniques
are harder to implement since current local codes impede or even prohibit their use in
some communities. Designers should always check with their local reviewing authority to
confirm which techniques can be used.

» What is the most appropriate land use for the technique? The nature of the proposed
land use at a site often influences the kinds of BSD techniques can be applied. Table 7.1
presents a general indication of the most appropriate land use for each technique, using the
following codes:

» Residential - Appropriate for residential development, any density.

» HDR - Best for high density residential development.

» C/O - Best for commercial/office, including institutional uses.

» |I-PSH - Industrial development that may be a potential stormwater hotspot (PSH).
» | - Industrial development not considered to be a PSH.

1.3. Select Temporary Construction Sediment Control Techniques

Construction sites can be a major source of sediment and nonpoint source pollutants if soils are
exposed to erosion. Effective application of temporary sediment controls is an essential element
of a stormwater management plan and helps preserve the long-term capacity and function of
permanent stormwater BMPs. Designers should recognize that they will need to revisit and refine
the erosion and sediment control plan throughout the design and construction period as more
information on site layout and the type and location of BMPs becomes available.

Table 7.2 lists the range of temporary sediment control techniques that could be considered in
the erosion and sediment control plan for a site. The table indicates how each technique reduces
erosion, when it is applied in the construction process, and provides some additional comments.
More information on how to integrate erosion and sediment control in the context of site design
is discussed in Chapter 4 of this Manual. More detailed design guidance on sediment control
techniques can be found in Chapter 12 and Protecting Water Quality in Urban Areas (MPCA,
2000).

1.4. ldentify Receiving Water Issues

Designers should understand the nature and regulatory status of the waters that will receive runoff
from the development site. The type of receiving water strongly influences the preferred BMP to
use, and in some cases, may trigger increased treatment requirements. The many different kinds
of Special Waters and other sensitive receiving waters in Minnesota are described in Chapter
2, Chapter 5, and Chapter 10 and listed in Appendix F. For purposes of this Manual, receiving
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waters fall into five categories: lakes, trout resources, drinking waters, wetlands and impaired
waters. More information on BMP restrictions and special stormwater sizing criteria for the five
receiving water categories is summarized in the latter part of Chapter 10.

The full spectrum of BMPs can be applied to sites that drain to receiving waters that are not
designated as special or sensitive in Minnesota. If the receiving water falls into one of the special
or sensitive water categories, the range of BMPs that can be used may be reduced. For example,
only BMPs that provide a higher level of phosphorus removal may be encouraged for sensitive
lakes. In trout streams, use of ponds may be discouraged due to concerns over stream warming.
The full range of BMP restrictions for the five categories of receiving water are presented in Table
7.3 and described below.

1.5.

Does the site drain to a sensitive lake? BMPs differ in their ability to remove phospho-
rus, which is the key stormwater pollutant managed to protect sensitive lakes (Note: this
category also includes trout lakes and surface water drinking supplies). The comparative
phosphorus removal ability of BMPs is compared in Table 7.4. Communities may require
greater water quality treatment, a specific phosphorus removal rate or even load reduction
at the development site to protect their most sensitive lakes. In general, higher phosphorus
removal requirements result in shorter list of acceptable BMP designs that can be used at
the site.

Does the site drain to a trout stream protection? Trout streams merit special protec-
tion, which strongly influences the choice of BMPs. Some BMPs are preferred because
they promote baseflow, protect channels from erosion or achieve high rates of sediment
removal. Other BMPs, such as ponds, may be discouraged because they cause stream
warming.

Is the site within a ground water drinking water source area? Sites located in aquifers
used for drinking water supply require BMPs that can recharge aquifers at the same time
they prevent ground water contamination from polluted stormwater, particularly when it
is generated from potential stormwater hotspots (PSH). Table 7.3 indicates the kinds of
BMPs that can meet these ground water protection challenges.

Does the site drain to a wetland? Wetlands can be indirectly impacted by upland devel-
opment sites, so designers should choose BMPs that can maintain wetland hydroperiods
and limit phosphorus loads. As shown in Table 7.3, several BMPs provide infiltration and
extended detention storage that protect natural wetlands from increased stormwater runoff
and nutrient loads from upland development.

Does the site drain to an “impaired water?” BMP selection becomes very important
when a development site drains to a receiving water that is not meeting water quality
standards and is subject to a TMDL. The designer may need to choose BMPs that achieve
a more stringent level of removal for the listed pollutant(s) of concern. Table 7.5 com-
pares BMP removal capability for a range of
common pollutants that cause water quality

impairment in the State. Regulators:
Tables 7.3 through 7.8 may
Identify Climate and Terrain be used to check whether a

proposed BMP is suitable for a
specific site or receiving water.
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Factors

Climate and terrain conditions vary widely across the State, and designers need to explicitly
consider each of these regional factors in the context of BMP selection (see also Chapter 2 and
Appendix A). The proposed BMPs for the site should match the prevailing climate and terrain;
preferred BMPs and design modifications are outlined in Table 7.6.

* Is the site within an active karst region? Active karst is defined as karst features within
50 feet of the surface of the site and poses many challenges to BMP design. It is safe to
assume that any treated or untreated runoff that is infiltrated will reach the drinking water
supply in karst areas. In addition, some BMPs can promote sinkhole formation that may
threaten the integrity of the practice. Table 7.6 reviews the most feasible BMPs in active
karst regions, and the type of geotechnical investigations needed. Reference is also made
to a Chapter 13 discussion of karst features.

» Does the site have exposed bedrock or shallow soils? Portions of the State have exposed
bedrock or extremely shallow soils that may preclude the use of some BMPs. For example,
infiltration practices may be impractical in shallow soils due to the limited soil separation
distance between the bottom of the practice and bedrock. Other BMPs, such as ponds and
wetlands may be feasible, but may be more difficult or costly to design and construct (e.g.,
may require liners to prevent rapid drawdown).

» Will the site experience high snowfall or require melt water treatment? Table 7.6 pres-
ents guidance on how to choose BMPs for high snowfall areas that can withstand snow
and ice cover (consult Figure 2.5 in Chapter 2 to check if your development site is within
this zone). Frozen conditions will inhibit performance throughout the winter and generate
a significant volume of melt water and pollutant loads in the spring.

* Isthe site located in a region with low annual rainfall? Development sites in the south-
west part of the State get much less annual rainfall, which plays a strong role in BMP selec-
tion. Frequent rainfall is often important to maintain water balance in ponds and wetlands.
BMP function could decline when there is not enough runoff to sustain a normal pool
elevation.

1.6. Evaluate Stormwater Treatment Suitability

Not all BMPs work over the wide range of storm events that need to be managed at a site.
Designers first need to determine which of the recommended unified sizing criteria apply to the
development site (i.e., recharge, water quality, channel protection, peak discharge), and then
choose the type or combination of BMPs from Table 7.7 that can achieve them.

This is the stage in BMP selection process where designers often find that a single BMP may
not satisfy all stormwater treatment requirements. The alternative is to use a combination of
BMPs arranged in a series or treatment train, or add supplemental practices to the primary BMP
that provide additional pre- or post-treatment.

» Can the BMP provide ground water recharge? BMPs that infiltrate runoff into the soil
are needed when a site is subject to a recharge requirement. If infiltration is impractical,
designers may want to use some of the better site design techniques profiled in Table 7.1 to
make up the difference and provide full treatment.

* Can the BMP treat the water quality volume? All of the BMPs in this Manual, with the
exception of supplemental BMPs, can meet the water quality volume (Vwq) requirement
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stipulated in construction general permit, so this is seldom a major factor in BMP selec-
tion.

* Can the BMP provide channel protection? BMPs must provide extended detention for
long periods at sites where channel protection (Vcp) is required to protect streams, which
means that only a short list of BMPs can meet this criterion (see Table 7.7). BMPs that
cannot meet the channel protection requirement as stand alone practices should not be
discarded, as they may still be needed to meet other sizing criteria (e.g., water quality).

» Can the BMP effectively control peak discharges from overbank floods? Generally,
only ponds, wetlands and infiltration basins have the capacity to control peak discharge
events that cause flooding at the site (e.g., Vp10 and Vp100 storm events). Once again, if
a BMP cannot meet peak discharge requirements, it can be used in combination with one
that does to meet all sizing criteria.

* Can the BMP accept runoff from potential stormwater hotspots (PSHs)? Designers
need to be careful choosing BMPs at sites designated as PSHs to minimize the risk of
ground water contamination. BMPs that rely on infiltration should be avoided and other

design modifications may be needed for other practices that send runoff into the soil (Table
7.7).

1.7. Assess Physical Feasibility at the Site

By this point, the list of possible BMPs has been narrowed and now physical factors at the site
are assessed to whittle it down even further. Table 7.8 indicates eight physical factors at the site
that can constrain, restrict or eliminate BMPs from further consideration.

* |Is there enough space available for the BMP at the site? BMPs vary widely in the
amount of surface area of the site they consume, which can be an important factor at
intensively developed sites where space may be limiting and land prices are at a premium.
In some instances, underground BMPs may be an attractive option in highly urban areas.
Some general rules of thumb on BMP surface area needs are presented in Table 7.8, ex-
pressed in terms of contributing impervious area or total area.

* Is the drainage area at the site suitable for the proposed BMP? Table 7.8 shows the
minimum or maximum recommended drainage areas for each group of BMPs. If the drain-
age area of the site exceeds the maximum, designers can always use multiple smaller
BMPs of the same type, or modify the design. The minimum drainage area thresholds for
ponds and wetlands are not quite as flexible, although smaller drainage areas can work if
designers can confirm the presence of ground water or baseflow that can sustain a normal
pool and incorporate design features to prevent clogging.

» Will soils limit BMP options at the site? Low infiltration rates limit or preclude the use
of infiltration practices and certain kinds of bioretention designs. By contrast, soils with
low infiltration rates are preferred for ponds and wetlands since they help to maintain
permanent pools without need for a liner. Designers should consult the design guidance
in Chapter 12 to determine minimum soil infiltration rates and testing procedures for each
kind of BMP. Table 7.8 references USDA-NRCS Hydrologic Soil Groups A to D. Further
geotechnical testing may be needed to confirm soil permeability and ground water depth.

* Is enough head present at the site to drive the BMP? Head is defined as the elevation
difference between the inflow and outflow point of a BMP that enables gravity to drive the
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BMP. BMP choices are constrained at flatter sites that have less than three or four feet of
available head.

* Will depth to bedrock or the water table constrain the proposed BMP? Bioretention,
infiltration and some filtering practices need a minimum separation distance from the bot-
tom of the practice to bedrock (or the water table) to function properly. The Minnesota
Pollution Control Agency’s Construction General Permit (CGP) requires a minimum dis-
tance of three feet between the bottom of an infiltrating BMP and the seasonally saturated
water table. Other BMPs do not require as much separation distance, although the cost and
complexity of construction of most BMPs increases sharply at development sites where the
bedrock or water table are close to the surface.

* |s the slope at the proposed BMP site a design constraint? Sites with extremely steep
slopes can make it hard to locate suitable areas for BMPs. Table 7.8 outlines maximum
slope recommendations for BMPs, which refers to the gradient where the BMP will actu-
ally be installed. Designers will need to carefully scrutinize site topographic and grading
plans to find suitable locations, and if this does not work, the grading plan may need to be
changed to meet slope thresholds.

* Is the BMP suitable for ultra-urban sites? BMP selection for ultra-urban development
and redevelopment sites is challenging, since space is extremely limited, land is expen-
sive, soils are disturbed, and runoff volumes and pollutant loadings are great. These sites
do, however, present a great opportunity for making progress in stormwater management
where it has not previously existed. Table 7.8 compares the general suitability of BMPs for
ultra-urban sites.

1.8. Investigate Community and Environmental Factors

Some BMPs can provide positive economic and environmental benefits for the community, while
others can have drawbacks or create nuisances. Table 7.9 presents general guidance on how
to choose the most economically and environmentally sustainable BMPs for the community.
Readers should note that rankings in this table are fairly subjective, and may vary according to
community perceptions and values. A poor score should not mean the BMP is discarded; rather, it
signals that attention should be focused on improving that element of the BMP during the design
phase.

Ease of Maintenance: All BMPs require routine inspection and maintenance throughout their
life cycle, although some are easier to maintain than others. This screening factor looks at each
major BMP from the standpoint of the frequency and cost of scheduled maintenance, chronic
maintenance problems, reported failure rates, and inspection needs. Designers should try to
prevent or reduce maintenance problems during the design phase for BMPs that are rated as
difficult to maintain.

Community Acceptance: Community acceptance involves a great deal of subjective percep-
tion, but a general sense can be gleaned from market surveys, reported nuisance problems, vi-
sual preference, and vegetative management. BMPs rated as having low or medium community
acceptance can often be improved through better landscaping or more creative design. Note
that while underground BMPs enjoy high community acceptance, this is solely due to the fact
they are “out of sight, out of mind,” which substantially reduces their ease of maintenance.
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Table 7.1 Techniques to Reduce Runoff During Site Design and Layout

Better RIS Possible .
. . Stormwater Cost Local Appropriate Land
Site Design Stormwater . P
. Runoff . Savings Feasibility Use
Technique Credit
Volume
Natural Ar.ea High Yes High Promoted All
Conservation
Site
Refores'Ea_tlon High Yes Medium Promoted All
& Prairie
Restoration
Stream and
Shoreline High Yes High Required All
Buffers
Soil High Yes Low Experimental All
Amendments 9 P
Surface IC** : . . Residential, C/O, |
Disconnection High Yes High Experimental Caution w/ I-PSH
Rooftop . . .
Disconnection High Yes High Experimental All
Open §pace High No High Constrained Residential, C/O, |
Design
. . Residential, C/O, |
Grass Channels Low Yes High Constrained Caution w/ I-PSH
Reducgd Street High No High Constrained Residential, C/O
Width
Reduced . . . . .
Sidewalks High No High Constrained Residential, C/O
Smaller and
Vegetated High No High Constrained Residential
Cul-de-sac
S.horter High No High Constrained Residential
Driveways
GreerLlcl;e;rkmg Medium No Low Experimental HDR, C/O, |
Residential- appropriate for residential development at any density
HDR- best for high density residential development
C/O- best for commercial/office (including institutional uses)
I-PSH- industrial development that may be a potential stormwater hot spot (PSH)
I- Industrial development not considered to be a PSH
*varies greatly among communities, consult local reviewing authority to determine ease of implementation
** |C = impervious cover
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Table 7.2 Temporary Construction Sediment Control Techniques

When to

Technique Practice How it Works Comments
Apply
Minimizes soil
Site planning disturbance and Planning Expose only as much
COHST:S;UOH and grading unprotected area as needed
. exposure for immediate
planning .
. . construction
. Limits amount of soil .
Sequencing Planning
exposed
Buffer variable from
Forest Establishes a few feet to 100’
Resource conservation and protective zone Earl depending upon
protection water resource around valued y resource being
buffers natural resources protected and local
regulations
Access and Minimizes transport
: . Early
) egress control of soil off-site Must be in place prior
Perimeter to commencement of
control Stops movement of fructi tivit
Inlet protection soil into drainage Early construction activiues
collection system
Minimizes rill and
Grade breaks : Early No unbroken slopes
Slope gully erosion
stabilization S di f > 751t on 3:1 or
Silt curtain tops sediment from Early steeper slopes
moving
Possible to convert
Stabilize Minimizes increased All construction these into permanent

Runoff control

drainageways

erosion from
channels

phases

open channel
systems after
construction

Sediment control

Collects sediment
that erodes from site

All construction

Possible to convert
these into post

basins before it leaves site phases construction practices
or impacts resource after construction
Immediately
Seeding and establishes All construction | Apply seed as soils
i mulch vegetative cover on phases are exposed
Rapid ;
nap exposed spoil
stabilization of Provid Aoplv blank
exposed soils rovides extra . pply bian et-
Blankets protection for All construction as exposed soil

exposed soil or
steep slopes

phases

cover until plants
established

Inspection and
maintenance

Formalized 1&M
program

Assures that BMPs
are properly installed
and operating in
anticipated manner

All construction
phases

Essential to proper
BMP implementation
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Table 7.3 Receiving Water Factors
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BMP Receiving Water Management Category?
Trout Drinking Impaired
r d
SRR Liles Resources Water eSS Waters
Outside of Outside of Setbacks from Outside of Selection based
General . ) on Pollutant
. Shoreline Stream wells, septic Wetland
Location Removal for
Buffer Buffer systems Buffer
Target Pollutants
OK with
Bioretention PREFERRED | PREFERRED cautions for PREFERRED PREFERRED
PSHs
Some
variations
RESTRICTED
Filtration due to limited | o rEpRED | PREFERRED oK PREFERRED
P removal,
combined
with other
treatments
Rﬁszﬁnct-iralf[) RESTRICTED
Infiltration PREFERRED | PREFERRED P PREFERRED | for some target
stormwater TMDL pollutants
hotspot (PSH) P
Some
variations
Stormwater RESTRICTED FI;EtE :OEESZEO?
PREFERRED due to pool PREFERRED PREFERRED
Ponds natural
and stream
) wetlands
warming
concerns
Some
variations
RESTRICTED
due to RESTRICTED PREFERRED
Constructed sea;onally except for PREFERRED but no use of PREFERRED
Wetlands variable P wooded natural
removal, wetlands wetlands
combined
with other
treatments
RESTRICTED
due to poor RESTRICTED | RESTRICTED | RESTRICTED | RESTRICTED
Supplemental . ; . .
BMPs¢ P removal, must combine | must combine | must combine must combine
must combine with other with other with other with other
with other treatments treatments treatments treatments
treatments
a Qutstanding Resource Value Waters (ORVW) is not included since it falls within Categories A-D.
b Applies to ground water drinking water source areas only; use the sensitive lakes category to define BMP
design restrictions for surface water drinking supplies.
¢ Listed in Chapter 12
4including calcareous fens
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Table 7.4 Comparative BMP Phosphorus Removal Performance ¢
: L Average TP Removal Maximum TP Average Soluble P
=l v || B DEslgn Vertien Rate ® Removal Rate °© Removal Rate ¢ 9
) ) Underdrain 65% 75% 60%
Bioretention
Infiltration” 100% 100% 100%
Sand Filter 50% 55% 0%
Filtration Dry Swale 0% 55% 0%
Wet Swale 65% 75% 70%
_ Infiltration Trench 100% 100% 100%
Infiltration® — -
Infiltration Basin 100% 100% 100%
Stormwater Wet Pond 50% 65% 70%
Ponds Multiple Pond 60% 75% 75%
Stormwater Shallow Wetland 40% 55% 50%
Wetlands Pond/Wetland 55% 75% 65%

@ Removal rates shown in table are a composite of five sources: ASCE/EPA International BMP Database (www.
bmpdatabase.org); Caraco (CWP), 2001; MDE, 2000; Winer (CWP), 2000; and Issue Paper D P8 (William Walker,
http://wwwalker.net/p8/) modeling

b Average removal efficiency expected under MPCA CGP Sizing Rules 1 and 3 (see Chapter 10)

¢ Upper limit on phosphorus removal with increased sizing and design features, based on national review

9 Average rate of soluble phosphorus removal in literature

¢ See also Appendix N (link) and Chapter 12 for details.

f Note that the performance numbers apply only to that portion of total flow actually being treated; it does not
include any runoff that by-passes the BMP

9 Note that soluble P can transfer from surface water to ground water, but this column refers only to surface water

" Note that 100% is assumed for all infiltration, but only for that portion of the flow fully treated in the infiltration
facility; by-passed runoff or runoff diverted via underdrain does not receive this level of treatment

IMPORTANT NOTE: Removal rates shown here are composite averages intended solely for use in comparing
performance between BMP designs and for use in calculating load reduction in site-based TP models. They have
been adapted, rounded and slightly discounted from statistical values published in BMP performance databases.
Additional information on the derivation of these numbers for select practices is found in Appendix N.
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Table 7.5 Median Pollutant Removal (%) of Stormwater Treatment Practices (see also
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Appendix N for TSS) for Possible Use in Impaired Waters

Impaired Waters
BMP Group . Metals
TSS ™ e Bacteria*
carbons Cu Zn
Bioretention? 85%:2 45% 80%:2 35% 95% 95%
Filtration? 85 35 80! 352 45 85
Infiltration® 100 100 100 100 100 100
Stormwater 80 30 80! 70 55 65
Ponds
Stormwater . .
Wetlands 75 30 85 75 40 40

Source: ASCE/EPA International BMP Database; Winer (CWP), 2000
! Data based on fewer than five monitoring studies
2 Excludes vertical sand filters and filter strips
8 Filtration values used.
4 Bacteria data include fecal streptococci, enterococci, fecal coliform, E. coli, and total coliform
5 Note that 100% is assumed for all infiltration, but only for that portion of the flow fully treated in the
infiltration facility; by-passed runoff does not receive any treatment
NOTES: N/Aindicates that no data are available
TSS = Total Suspended Solids
TN = Total Nitrogen
Cu = Copper
Zn = Zinc

Construction Cost: Table 7.9 presents a very general comparison of BMP construction costs,
based on the average cost per impervious acre treated. More specific techniques to estimate
construction and O&M costs for indivi