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EXECUTIVE SUMMARY

Currently, the lack of standard stormwater-management practices within Michigan can
result in facilities that do not function properly or are counterproductive. The purpose of
this guidebook is to provide a reference for state and local officials and engineering
consultants on stormwater management for both water-quantity and water-quality
concerns. The primary focus will be on the design of stormwater retention/detention
basins. In addition, the following topics are also included:

Stormwater-management measures

Hydraulics

Hydrology

Operation & maintenance

Financing

Laws & Ordinances relating to stormwater management

The guidebook also includes a reference listing sources of additional information on
stormwater management.

It is not the intent of this guidebook to recommend design practices that will be used
statewide, under all circumstances, or in all communities. Instead, the guidebook is
intended to be used as a reference when considering solutions to specific problems, as it
discusses what is being done in stormwater management throughout the country.



DEFINITIONS
Acre-foot - a volume of water 1 foot deep and 1 acre in area, or 43,560 cubic feet.

Aerator - a device that sprays water into the air, bubbles air through the water, or
agitates the water, to incorporate oxygen into the water.

Antecedent Moisture Condition (AMC) - the quantity of moisture present in the soil at
the beginning of a rainfall event. The Natural Resources Conservation Service has three
classifications, AMC I, II, and llI.

Backwater - the increased depth of water upstream of an obstruction, such as a dam
or bridge, in the stream channel.

Base Flow - the part of the stream flow that is not due to direct runoff from precipitation;
it is usually supported by water draining from natural storage in groundwater bodies,
lakes, or wetlands.

Bedload - the sediment in a stream channel that moves by sliding, rolling, or skipping on
or near the stream bottom.

Best Management Practice (BMP) - a practice or combination of practices that form an
effective, practicable means of preventing or reducing the amount of pollution generated
by non-point sources.

Bottomland - the land of a lake or stream which lies below the ordinary high-water mark
of the lake or stream.

Culvert - a closed conduit used for the passage of surface water under a road or other
embankment.

Curve Number - see runoff-curve number.

Detention Basin - temporarily stores water before discharging into a surface-water
body. Primarily used to reduce flood peaks. Can be classified into three groups:

1. Dry Detention Basin - usually dry except for short periods following large rainstorms
or snowmelt events. Not effective at removing pollutants. Pollutants that may settle in
the basin will be "picked up" by future floods.

2. Extended Dry Detention Basin - is a dry detention basin that has been modified to
increase the time which the stormwater will be detained in the basin. The typical
detention time is 24 to 48 hours. Not effective at removing nutrients such as
phosphorus and nitrogen, unless a shallow marsh at the outlet is incorporated into
the design.

3. Wet Detention Pond - a detention basin that contains a permanent pool of water that
will effectively remove nutrients in addition to other pollutants.

Detention Time - the amount of time that a volume of water will remain in the detention
basin.



Discharge - the rate of flow (volume of water passing a point in a given period of time).
Usually expressed as cubic feet per second.

Drainage Area - the area of a watershed usually expressed in square miles or acres.

Drainage Divide - the line which follows the ridges and high points of the ground
surface that separate one drainage basin from another.

Emergency Spillway - a depression in the embankment of a pond or basin which is
used to pass peak discharges in excess of the design storm.

Eutrophication - the process of enrichment of water bodies by plant nutrients which
may lead to increased growth of algae or rooted plants.

First Flush - highly concentrated pollutant loading during the early portion of stormwater
runoff due to the rapid runoff of accumulated pollutants.

Forebay - an extra storage area provided near the inlet to a detention basin to trap
incoming sediments before they accumulate in the basin.

Hydraulic Radius - the area of the culvert or stream section divided by wetted perimeter
(A/WP).

Hydrograph - a graph, usually of discharge or stage versus time, at a given point along
a stream.

Hydrologic Cycle - the continuous process of the exchange of water between the earth
and the atmosphere.

Impervious - a surface through which little or no water will move. Impervious areas
include paved parking lots and roof tops.

Infiltration - the absorption of water into the ground.

Infiltration Capacity - the maximum rate at which the soil can absorb falling rain or
melting snow. Usually expressed in inches/hour or centimeters/second.

In-line Detention - the detention is provided within the flow-carrying network (stream) .

Manning's Roughness Coefficient ("n") - a coefficient used in Manning’s equation to
describe the resistance to flow due to the roughness of a culvert or stream channel.

Mean Storm - over a long period of years, the average rainfall event, usually expressed
in inches.

Mean Storm Volume - the runoff volume produced by the "mean storm."

Moisture Content - see antecedent moisture condition.



Non-Point Source Pollution - pollution that is not identifiable to one particular source,
and is occurring at locations scattered throughout the drainage basin. Typical sources
include erosion, agricultural activities, and urban runoff.

Off-Line Detention - detention placed outside of the natural watercourse or storm sewer
system.

Off-Site Detention - detention is provided at a regional detention facility as opposed to
storage on site.

One-Hundred-Year Flood (100-year flood) - the flood that has a 1-percent chance of
occurring any given year.

On-Site Detention - stormwater is detained on the property as opposed to a regional
site.

Ordinary High Water - marks the line between upland and bottomland which persists

through successive changes in water level, below which the presence of water is so
common or recurrent that the character of the soil and vegetation is markedly different
from the upland.

Orifice - an opening in a wall or a plate.
Peak Discharge - the maximum instantaneous rate of flow during a storm.
Pervious - a surface that will allow water to infiltrate into the ground.

Pilot Channel - a channel that routes runoff through a detention basin to prevent
erosion of the basin.

Point-Source Pollution - pollution that occurs at a specific location, such as an outlet
pipe, and is usually continuous.

Precipitation - the supply of water received from the atmosphere, such as rain, snow,
and hail.

Rating Curve - a curve that expresses a relationship between dependent quantities.
Typically the graph will plot stage (elevation) versus discharge.

Regression Analysis - independent variables (such as drainage area and precipitation)
are selected which relate to a dependent variable (discharge). Once an equation is
developed, a discharge may be computed by knowing the independent variables. Such
an analysis has been developed based on an evaluation of the stream gaging stations
throughout Michigan.

Retention Pond - a stormwater management practice that captures stormwater runoff
and does not discharge directly to a surface water body. The water is "discharged" by
infiltration or evaporation.

Retrofit - to modify an existing structure to improve the pollutant-removal or flood-peak-
reduction capability.
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Riser - a vertical pipe attached to the outlet pipe of a detention basin that is used to
control the discharge rate from the basin.

Routing - the derivation of an outflow hydrograph for a given reach of stream or
detention pond from known inflow characteristics. The procedure uses storage and
discharge relationships and/or wave velocity.

Runoff - the excess portion of precipitation that does not infiltrate into the ground, but
"runs off" and reaches a stream, water body, or storm drain.

Runoff-Curve Number - indicates the runoff potential of a parcel and is based on soil
group and land use. The higher the runoff-curve number, the higher the runoff potential.

Sediment - material that is being transported from its site of origin by water. May be in
the form of bedload (along the bed), bouncing along the bed, suspended or dissolved.

Short Circuiting - the runoff does not spend enough time in a detention facility to
remove the pollutants for which the facility was designed to remove.

Stormwater Utility - a source of funding the construction and maintenance of
stormwater management facilities. User fees are typically charged based on the amount
of runoff that may be anticipated from a property.

Swale - a slight depression or shallow ditch which can be used to convey, store, or filter
runoff.

Time of Concentration - the time it takes for runoff to travel from the hydraulically
farthest portion of the watershed to the design point.

Timing - the relationship in time of how runoff from sub-watersheds combines within a
watershed.

Weir - a device that has a crest and some side containment, and is used to measure,
regulate, or restrict flow. The amount of flow that may pass over the weir is a function of
the weir geometry and upstream height of water above the crest.

Wetted Perimeter - the wetted surface of a stream (culvert) cross section which causes
resistance to flow. The water-to-surface interface is a length, usually expressed in feet.
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INTRODUCTION

It was not very long ago that stormwater management meant increasing the size of the
storm-sewer pipes or enlarging drains to allow stormwater to get away from an area as
quickly as possible. However, in many instances this "solution" resulted in increased
flooding, erosion, and water-quality problems in downstream areas.

Over the years, people have become more aware of the potential problems caused by
increased runoff due to urbanization and increased flood peaks due to drain
improvements. In an attempt to remedy the increased flooding and erosion problems,
communities (and some states) began to implement stormwater detention.

Typically, stormwater detention involved the construction of dry detention basins that
would reduce downstream discharges. The detention basins would "hold back" some of
the runoff to be released at a later time. However, in some instances, detention basins
were constructed that did not consider the hydrology of the entire watershed. As a result,
the basins had little impact on flood discharges and, at times, actually increased flood
peaks.

Stormwater management was originally concerned with the quantity of water and the
downstream flooding potential. However, over the last 10 to 15 years, there has been a
growing concern with the quality of the stormwater runoff and its impact on the
environment. Stormwater runoff picks up pollutants that have accumulated on the land
surface and washes them into receiving waters. The pollutants can include sediment,
nutrients, and heavy metals to name a few. They enter the food chain, destroy aquatic
habitat, and can essentially "kill" a lake or stream.

As a result of the water quantity and quality concerns, stormwater management has
begun to evolve into a field that tries to integrate reducing future flood damages with
water-quality improvements. The information presented in this guidebook will provide
some background in stormwater management and will offer some approaches to
addressing the urban runoff problem.
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CHAPTER 1: BACKGROUND
HYDROLOGIC CYCLE

The first step in understanding stormwater management is to develop a feeling for the
hydrologic cycle and how it is impacted by development. In simple terms, the hydrologic
cycle involves the exchange of water between the earth and the atmosphere. Water is
transported from the oceans to the atmosphere by evaporation, where it condenses and
falls to the land in the form of precipitation. The water then makes its way back to the
ocean, where the cycle is repeated. This is obviously a very simplistic explanation, as there
are many sub-cycles (see figure 1.1) within the hydrologic cycle for the earth.

Evaporation

\

Figure 1.1 - Generalized Hydrologic Cycle

Precipitation

Groundwater -

For stormwater management, we are primarily concerned about the portion of the
hydrologic cycle that includes precipitation, infiltration, and runoff.

Whether in the form of rain or snow, precipitation, is the driving force behind the design of
stormwater management facilities. The precipitation that occurs is either intercepted by
vegetation (trees, plants, and etc.), evaporates, infiltrates into the ground, or results in
runoff. Rainfall will be the primary focus of this guidebook.

Later on in the guidebook, we will discuss rainfall amounts and design suggestions for
areas within Michigan. Obviously, snow can be a factor in estimating runoff volumes.
Snow may not be immediately converted to runoff, as it is frozen and is "detained" until it
can melt and runoff. However, when the snow does melt, it typically occurs in conjunction
with a rainfall event which can compound the "runoff" problem.



Infiltration

The precipitation that infiltrates into the ground is either absorbed by the plants and soil or
continues through the soil until it reaches the groundwater. The rate at which the water will
infiltrate into the ground is dependent primarily upon three factors: soil type, soil moisture
content, and land use.

One of the characteristics of soils is the ability to "absorb" moisture. A soil type such as
sand has a high infiltration rate, while clay has a very low infiltration rate. Thus, all things
being equal, a parcel with clay soil will produce higher runoff than if the soil is sand.

The moisture content of a soil also has considerable impact on the infiltration capacity of
the soil. As an example, an area that has not received any rain in the last ten days will
have a higher infiltration capacity than if it had received three inches of rain in the last two
days. Thus, it is possible for an area that has not received any rain in the last couple of
weeks to receive a "100-year rain" but not have a 100-year flood, since a large portion of
the rainfall can be absorbed by the ground. Conversely, if a soil is saturated from recent
rains, it may not take a 100-year rain to produce a "100-year flood".

Finally, the land use has a significant impact on the infiltration capacity of the soil.
Residential, industrial, commercial developments, parking lots, and roads all result in the
construction of impervious surfaces, such as pavement and rooftops. These impervious
surfaces prevent water from infiltrating into the soil. If the water cannot infiltrate into the
ground, runoff will result.

Even if impervious surfaces are not constructed, a change in land use can alter the runoff
potential. Changing the land use from a meadow to straight row crops will increase the
runoff potential. In this example, impervious surfaces were not added; however, changing
the type and "density" of vegetation would impact the runoff volume.

Precipitation will become runoff when the infiltration capacity of the soil is exceeded by the
intensity of the precipitation. In other words, "it comes down faster than it can soak in". As

noted earlier, the amount of runoff will vary as the infiltration or land use is changed. It is
this runoff that will be addressed in this guidebook.

IMPACTS OF URBANIZATION

The primary concerns in designing stormwater management facilities include the runoff
volumes, the runoff peaks, and the pollutants carried by the runoff.

Runoff Volume

From figure 1.1, it can be seen that the runoff volume is a function of the amount of
precipitation and infiltration. (During a precipitation event, evaporation and transpiration of
water from plants to the atmosphere do not significantly affect the runoff.) It is apparent
that the infiltration plays a key role in the quantity of runoff during a precipitation event.

As land is developed through the construction of buildings, roads, parking lots, and the like,
infiltration capacity of a parcel of land is altered. The vegetation that allowed water to
infiltrate into the soil is replaced by concrete and asphalt which are essentially
impermeable. Instead of infiltrating into the soil, the water is forced to "runoff."



As an example, if a particular parcel is forested and has a sandy loam soil, the runoff from a
2-inch, 24-hour rain would be negligible. If that same parcel were a commercial area, such
as a shopping mall or a central business district, a 2 —inch, 24 -hour rain would result in
over 1.2 inches of runoff.

To get 1.2 inches of runoff from the parcel in a "natural" condition would require a 24 -hour
rainfall of about 5.5 inches. In many areas of Michigan, a rainfall of 5.5 inches in 24 hours
would have a frequency greater than a 100-year event.

Thus, if this parcel were to be developed from forest to a commercial area without regard to
detention or retention, a rainfall that may occur 1 to 2 times in a year will have a runoff
volume that is equal to a 100-year event prior to development. It is this increase in potential
runoff volume that has raised the awareness of citizens in regard to stormwater
management and the impact on downstream flooding.

Runoff Peaks

As runoff volumes are increased by urbanization and development, the potential for
downstream flooding also increases. An increase of flooding problems will result in citizens
demanding solutions to the flood problems. Typical solutions to flooding problems have
been channelization, removing the "obstructions," and installation of larger-capacity storm
drains. The primary goal has been to get the water out of the community and downstream
as fast as possible. However, more often than not, improving the "systems" that transport
the runoff, has simply passed the problem on to a downstream community. The
channelization of streams and the installation of storm drains all result in the runoff reaching
a location quicker. As figure 1.2 illustrates, the result of the "improvements" include:

- A flood peak that is larger than pre-development conditions.

- A flood peak that gets downstream quicker.

After Urbanization without
.
N\ Stormwater Management
_-'! ..‘.-""’.

/ . / Before Urbanization

" After Urbanization with
'__
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Discharge, cfs ——

Time ——

Figure 1.2 - Impact of Urbanization on Flood Peaks



Figure 1.2 also shows that proper stormwater management can limit the peak discharge on
a stream to pre-development conditions by the controlling the time at which the runoff is
allowed to travel downstream.

In addition to increasing the capacity of the transport system, urbanization will also tend to
decrease the naturally occurring areas that provide storage of stormwater areas. Under
natural conditions, a portion of the runoff will be captured in the natural storage areas, and
will be slowly released back into the rivers and streams. The elimination of wetlands,
depressions, or small ponds results in a greater runoff volume reaching the rivers and
streams more quickly. As a result, flood peaks are increased, and the river levels will rise
more rapidly. The elimination of natural storage areas can also lead to reduced base flow
in streams during dry periods, which will degrade fish habitat.

Pollutants

As development takes place, there is an increase in the amount of materials that can be
picked up by the stormwater runoff. Materials such as sediment, oils, toxic chemicals, fecal
waste, and road salt all may be carried with the stormwater to a lake or stream. The
construction of paved parking lots, streets with curbs and gutters, and storm sewers, result
in little opportunity for the pollutants to settle out. The velocity of the transport systems
keeps the pollutants in suspension until the runoff reaches a lake or a slower moving river.
As a result, the water quality of the "receiving waters" will be diminished.

Thus, in addition to controlling the runoff volume and runoff peaks, an objective of
stormwater management is also to improve the water quality of the stormwater runoff.

NON-POINT SOURCE POLLUTION

The sources that pollute a water-body can be classified into two groups: point source and
non-point source pollution.

Point Source

As the name implies, point source pollution occurs at a specific location with a relatively
consistent quality. The typical point source that is thought of as an example is an outlet
pipe from an industrial complex, or a wastewater treatment plant.

Non-point Source

Non-point source pollution differs from point source in several ways:

1. Itis not possible to identify one particular source. The pollution is occurring at locations
scattered throughout the drainage basin.

2. The pollution is transported in a wide range of flows, with the majority of the pollutant
transport occurring during runoff events due to a rainfall or snowmelt.

3. The quality of the runoff varies considerably during an event.



Non-point source pollution occurs in both urban and rural areas. In rural areas, non-point
source pollution can result from construction-site erosion, agricultural activities (pesticides,
herbicides, animal waste, and erosion), and natural erosion.

Best Management Practices

In 1972, the Federal Clean Water Act was amended to require permits for all point source
discharges of pollutants to the waters of the United States. Throughout the 1970's, the
primary focus of pollution control was the control of point source pollution. In the last 15 to
20 years there has been an increased awareness in non-point source pollution. Due to the
nature of non-point source pollution, it became evident that it was not technically and
economically feasible to eliminate all non-point source pollution. The term "best
management practices" or BMP became popular. The U.S. Environmental Protection
Agency defines BMPs as a practice or combination of practices that are effective,
practicable means of preventing or reducing the amount of pollution generated by non-
point sources.

BMPs can be divided into four categories, by identifying the methods which reduce the
pollutant level of runoff discharging into a surface water body.

1. Detention - Water is temporarily stored before it discharges directly into a
surface-water body. While the water is detained, the pollutant concentration can be
reduced, as suspended solids and some pollutants settle out.

2. Retention (infiltration) - Water flows directly into the basin, and is not released. Water
will leave the basin through infiltration and evaporation.

3. Vegetated Swales & Strips - The vegetation acts as a filter as it collects sedimentation
and other pollutants. Water is also able to infiltrate as it is being transported by
vegetated swales to a surface water body. The swales may be designed to "absorb" a
given runoff condition, or it may be necessary to install a berm or "block" to detain the
flow.

4. Other Practices - Reduce accumulated pollutants available to be picked-up by runoff.
This may include sweeping parking lots and streets, catch-basin cleaning, erosion
control enforcement, and infiltration of runoff from driveways and roofs. Regulate the
amount of impervious area permitted through the use of zoning and ordinances.
Eliminate inappropriate discharges to drains and storm sewers, such as sanitary or
industrial sewage.

BMP methods are selected based on the water quality needs along with cost, drainage
area, land use, soil, and topography. Using BMP, the stormwater management practices
that are selected achieve the water quality needs in the most effective manner.

By incorporating several Best Management Practices, additional water quality benefits will
be obtained, as opposed to relying on a single practice, such as the construction of a
regional extended detention basin. A detention facility may be only a portion of the total
BMP system, which may include:

a) Directing the runoff from downspouts and parking lots to vegetated swales or
vegetated strips, instead of discharging directly to a stream.



b) Instituting and enforcing soil erosion control policies, including requiring a vegetated
strip between cultivated land and a watercourse.

c) Instituting a policy of regular stormwater system maintenance, including street
sweeping and cleaning catch basins; detecting and eliminating inappropriate
hook-ups to storm drains.

d) Educating the public in the use of fertilizers, herbicides, and pesticides; in how to
properly dispose of oils, paints, chemicals, and other waste/trash; and for the need
for vegetated strips and wetland areas along lakes and streams.

Figure 1.3 indicates the "structural" type of BMP that would be feasible for given types of
restrictions at a particular site. Later chapters will further discuss the restrictions and
design guidelines.

BMP Type
Extended
Detention E E = = = M = N N M F
Wet
Pond M E F = = M N N N M =
Infiltration
Basin = E M N N N = M M F M
Grassed
Swale = = M M N N = E F M N
Filter
Strip F E E M M N E E E M N
Sandy-[Loam |Silt- Silty High |High Thermal [Limited | [<5__15-20 |20-100
Loam Loam |[Clay- | |Water |Sediment |[Impacts |Space Drainaae Area
Loam | |Table [Input Acres
1.02 052 027 0.06
Infiltration rate (in./hr.)
Soil Type

Legend: F  Feasible
M  Marginal - requires careful planning
N  Not Recommended

Figure 1.3 - Restrictions on BMPs*
*(Best Management Practices)
Source: References 10 & 38



Pollutants & Sources

There is large variety of pollutants that may be present in stormwater management,
depending on the land use within the drainage basin. Following is a listing of some of the
pollutants that are commonly found in stormwater runoff.

Sediment and Suspended solids: Sediments and other suspended solids account for the
greatest amount of pollutants carried by stormwater runoff. Sediments can clog the gills of
fish, cover spawning areas, harmfully affect other aquatic life, and reduce the flow-carrying
capacity of the watercourse. The sediments may carry heavy metals and other
contaminants.

The suspended solids can come from a wide range of sources including any activity that
disturbs the land surface, such as clearing and grading activities, agricultural activities, and
residential activities. Sediment will also occur from streets and road, and will occur
naturally in the form of stream-bank erosion.

Heavy Metals: These pollutants include primarily copper, lead, zinc, and cadmium. Such
metals can have a toxic impact on the aquatic life, and can contaminate the drinking water
supply. The heavy metal pollutants can result from corrosion of metals, wood
preservatives, algicides, paints, and electroplating. The metals are "picked up" by runoff
from a variety of urban locations.

Oil and Grease: This category includes various hydrocarbon compounds, such as
gasoline, oil, grease, and asphalt. The automobile is a major contributor of this pollutant.
These pollutants will be picked up primarily from run-off from parking lots and streets.

Nutrients: The addition of phosphorus and nitrogen to the stormwater can result in
increase growth of algae, odors, and decreased oxygen levels in the receiving waters.
Such nutrient problems are particularly noticeable in detention ponds that have a detention
time of greater than two weeks.

The nutrients typically come from sewage, and fertilizers used at homes, parks, golf
courses, and in agriculture. In some areas, there are problems with sewers illegally
connected to storm drains.

Fecal Coliform Bacteria: Bacteria are typically present in stormwater runoff. The bacteria
may be a result of sanitary sewer overload, animal waste, or other sources that have not
been identified. The introduction of bacteria into a receiving water body can make the
water unfit for recreation and human use.

Oxygen Demand: Oxygen demand is a result of the decomposition of organic materials. If
the depletion of dissolved oxygen is a concern to the receiving waters, it may be necessary
to treat stormwater runoff with advanced wastewater treatment.

Other pollutants: There are many other pollutants, such as pesticides, chemical solvents,
and phenols that may be found in stormwater runoff, but they are usually at very low
concentrations.



"First Flush"

Most automobile drivers are aware that roads are the "slipperiest" after the first few minutes
of a rainstorm. It is in those first few minutes that oil, grease, lead, and other pollutants that
have accumulated on the pavement are picked up by the water on the roadway, and
transported to storm drains or roadside ditches.

Stormwater runoff will result in concentrated pollutants being loaded into the storm -drains
and receiving waters. As the rain continues, there are fewer pollutants available to be
carried by the runoff, and thus the pollutant concentration becomes lower. Figure 1.4
shows a typical plot of pollutant concentration versus time. The sharp rise in the plot has
been termed the "first-flush".

Some studies have yielded results which dispute the first flush theory. However, water
quality measures that capture the first one-half inch of runoff would capture a high
percentage of the runoff events that occur in Michigan. As a result, it is possible to capture
a high percentage of the pollutants by retaining the first one-half inch of runoff.

Concentration

-

Time

Figure 1.4 - Plot of Pollutant Concentration versus Time

In essence, most of the pollutants that have accumulated within the drainage basin since
the last rain are "flushed" into the stormwater system in a very concentrated form. It is this
initial pollutant loading that should be the prime concern of any stormwater management
design. The design considerations will be discussed later on in the guidebook.



CHAPTER 2: LAWS & ORDINANCES

The following section will briefly describe the federal, state, and local laws currently in effect
that have some impact on stormwater management. The purpose of this section is not to
give a detailed analysis of each law, but to give a brief description of the law and how it
may impact stormwater management. If additional information is needed about the law, it
would be advisable to obtain a copy of the specific Act and the accompanying
administrative rules.

FEDERAL LEGISLATION

One of the first national pieces of legislation that dealt with water quality was the Federal
Pollution Control Act of 1948. In 1972, amendments to the Act (PL 92 -500) shifted
responsibility from the state and local governments to the federal government. The
amendment required National Pollutant Discharge Elimination System (NPDES) permits for
all point source discharges in the United States. Due to limitations, the primary focus was
on industrial and wastewater treatment plant discharges.

Section 404 of the Clean Water Act regulates the placement of fill in waters or wetlands of
the United States. The Michigan Department of Environmental Quality (DEQ) administers
a permit program under this section for interior portions of the state; in coastal areas, 404
permits must be obtained from the U.S. Army Corps of Engineers.

Section 405 of the Water Quality Act of 1987, amended section 402 of the Clean Water Act
of 1972 by requiring the EPA to produce regulations requiring permit applications, no later
than February 4, 1989, for stormwater discharges from industrial activity, and storm sewers
from municipalities with populations of 250,000 people or more. February 1, 1992, the
requirements included municipalities with populations of 100,000 people or more.

The industries that will be required to apply for permits under this Act cover a wide range.
One notable industry is the construction industry, for activities that will disturb more than 5
acres of land. A notable exemption to the Act is the agriculture industry.

As a result of the amendments to the Water Quality Act, there will be an increased effort to
eliminate non-storm water discharges into storm drains. There will also be an effort to
reduce the discharge of pollutants through management, controls, and engineering
methods. However, at this time, it is not known how the Act will be administered.

This legislation will increase awareness for stormwater management, non -point source
pollution, and BMPs over the next few years. Specifics on the legislation can be obtained
from the Surface Water Quality Division of the Michigan Department of Environmental
Quality at 517-373-1949, or EPA Region V, 77 West Jackson Blvd., Chicago, lllinois 60604.

STATE LEGISLATION

Part 31, Water Resources Protection, of the Natural Resources and Environmental
Protection Act, 1994 PA 451, as amended (NREPA). The Act was created to protect and
conserve the water resources of the state. This includes the prohibition of pollution of the
state's waters, and to prohibit the obstruction and occupation of the floodways, and prohibit
activity that would harmfully interfere with the stage discharge characteristics of the rivers
and streams of the state.



The "quantity" portion of Part 31 focuses on the floodway occupation and the harmful
interference aspects, and does not specifically regulate stormwater runoff. The "harmful
interference" portion of Part 31 may be a factor in a stormwater management design that
involves in-line detention. The construction of structures which restrict or detain water must
not increase the flooding potential onto another person's property without compensation.
There are currently no state regulations that specifically address stormwater runoff. To
date stormwater regulation has remained at the local level.

The administration of the "quality" portion of Part 31 has primarily focused on point source
pollution. In the past, it had been considered not economically practical to monitor and
regulate the sources of non-point pollution, since it can come from such a wide range of
areas and sources. However, in recent years, Part 31 has been increasingly used for the
regulation of non-point source pollution.

Part 91, Soil Erosion and Sedimentation Control, of NREPA. Part 91 provides for the
control of soil erosion, and protects the waters of the state from sedimentation. Part 91 is
applicable to earth changes of one acre or greater and all earth changes within 500 feet of
a lake or stream, regardless of the size of the area disturbed.

Part 91 is enforced at three different levels of government: local (city, village, or charter
township), county, or state. In some instances some public agencies, such as road
commissions and drain commissions are self-enforcing. The primary responsibility for
administering Part 91 is with the county. The State's primary role is to oversee the overall
operations of the State and local agencies.

Part 91 may not specifically address stormwater runoff, however, the methods for
minimizing erosion have a significant impact on the amount of runoff as well as controlling
sediments. Since sedimentation is estimated to be a pollutant in about 95% of the
watersheds in Michigan, Part 91 is very important in controlling a high percentage of the
non-point source pollution problem.

Part 301, Inland Lakes and Streams, of NREPA. Part 301 was created to regulate inland
lakes and streams; and to protect riparian rights and the public trust in inland lakes and
streams. The numerous public trust values include fisheries and wildlife habitat, public
recreation, and water quality.

A permit must be obtained under Part 301 whenever bottomlands are dredged or filled and
adequate soil erosion control measures are a condition of the permit. As noted above, the
control of erosion and sedimentation is essential to begin to solve non -point source
pollution.

Part 303, Wetland Protection, of NREPA. Part 303 provides for the preservation,
management, protection, and use of wetlands. A permit is required for alteration or use of
a wetland. Part 303 applies to wetlands that are contiguous (connected) to a lake, pond,
river, or stream; or isolated wetlands that are greater than five acres in size in counties with
a population of 200,000 or greater; or is determined to be essential to the preservation of
the natural resources of the state from pollution, impairment, or destruction.

Part 303 indicates that the following benefits may be derived from a wetland:
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1. Flood and storm control by the absorption of water and storage capacity.
2. Pollution treatment by serving as a biological and chemical oxidation basin.

3. Erosion control by serving as a sedimentation area and filtering basin, absorbing silt
and organic matter.

When a wetland will be used as a part of a stormwater management project, it is imperative
that the project be closely coordinated with the District Office of the Land & Water
Management Division, Michigan Department of Environmental Quality. (Appendix A gives
the address and telephone number of the District Offices throughout the state).

Part 305, Natural Rivers, of NREPA, includes zoning ordinances and rules that can limit
construction of stormwater management facilities through restrictions such as building
setbacks, limitations on land alteration in areas of high ground water, maintenance of
natural vegetation strips, and similar controls.

Michigan Environmental Protection Act (MEPA), 1970 P.A. 127, is an extremely
important piece of legislation, as it provides protection of the air, water, and other natural
resources, and the public trust associated with these resources. The Act also gives the
right to any person in the State to bring action against another person, agency, corporation,
or political subdivision for conduct that may pollute, impair, or destroy the air, water, or
natural resources.

In regard to stormwater management, MEPA could be used as a means to require
detention/retention, to reduce the amount of runoff or the amount of pollutants being added
to a waterbody.

Land Division Act, 1967 PA 288, as amended. The Act was passed to regulate the
subdivision of land; and to promote the public health, safety, and general welfare. Among
the provisions of the Act (Section 192) is the review by the county drain commissioner, or
the governing municipality for adequate storm water facilities within the proposed
subdivision. At this time, there is no statewide standard that is being used in regard to
quality and quantity issues. As a result, a standard, if it exists, will vary among communities
and counties.

Michigan Drain Code, 1956 P.A. 40, as amended. The Act was passed with the primary
objective of improving the drainage of agricultural lands. Over the years as these areas
have become developed, the flooding problems faced by the county drain commissioner
have increased.

The establishment of drains or improvements on existing drains is initiated by petition from
either a percentage of landowners in the drainage district or two or more public bodies.
Under Chapter 8 of the Drain Code, one municipality may petition the drain commissioner.
Once drainage districts are established, assessments may be levied to finance drain
improvements. In the past, county drain projects have typically consisted of drain
enclosures and clean-outs. However, in recent years stormwater management has
become a primary focus in various counties around the state.

Part 315, Dam Safety, of NREPA. Part 315 requires a dam construction permit for the
construction of a structure that will be six feet or more in height and will impound five
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surface acres or more at the design flood elevation. Depending on size, some detention
ponds may fall under the authority of Part 315.

Part 315 requires dams to have a specified spillway capacity, based on the hazard rating of
the dam. As an example, “low -hazard potential” dams must have a spillway capacity that
is capable of passing the 100-year flood, or the flood of record whichever is greater. “Low-
hazard potential” dams are located in areas where failure would pose little to no danger to
individuals, and damage would be limited to agriculture, uninhabited buildings, structures,
or township or county roads and where environmental degredation would be minimal.
Other dam classifications with a height of less than 40 feet would require a spillway that is
capable of passing the 200-year flood, or the flood of record whichever is greater.

For additional information on the classification of dams or Part 315, please contact the Dam
Safety Unit of the Land & Water Management Division, MDEQ, at 517-284-5570.

LOCAL ORDINANCES

As of July 1999, a comprehensive stormwater management law does not exist in Michigan,
and stormwater management regulations have been left up to local government. The
following are elements that would typically be included in local storm water management
zoning ordinances (reference 9):

1. Statement of Authority to Regulate (What statute gives the community the authority
to enact the ordinance.)

2. Goals and Objectives of the Stormwater Management Program.
3. Definitions of terms used in the ordinance.

4. Relationship between current and existing legislation should be included to avoid
conflict.

5. Stormwater Management Plan Review

a) Specifications (Descriptions, standard format and certifications that are required.)

b) Evaluation of Plans (The agency that will evaluate the plans, and the criteria that
will use for the evaluation.)

c) Zoning Approval (The proposal must meet current zoning requirements.)

d) Review Fees (The fee schedule for review and evaluation.)

6. Permits

a) When State and Local Permits are Required (The situations that will require
permits should be specifically spelled out.)

b) Waivers (Circumstances in which permit requirements are waived.)

c) Appeals (An appeal procedure must be present to handle denials of a permit or
waiver.)

d) Expiration and Renewal (The permit should be given an expiration date. There
should also be a method to apply for an extension or renewal.)

e) Suspension or Revocation of Permit (To ensure that the construction and
implementation of the stormwater management plan is completed.)
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Fees (Any permit fees should be listed.)

Performance Bonds (To ensure the completion of the project.)

Compliance (The responsibility of completing the project should be clearly
designated to the owner.)

Liability Insurance (An alternative to a performance bond, the liability insurance
would allow the project to be completed even if the developer is not financially
able.)

Design Criteria

Acceptable Methods of Stormwater Management

Performance Standards (List the amount of protection or control that is expected.
Such as no increase in 100-year runoff.)

Acceptable Methods of Evaluating Stormwater Management Facilities

Reference List (Stormwater management technical references.)

Safety and Aesthetics (When the use of fencing is required.)

Emergency Spillways (When design conditions are exceeded, how the emergency
spillway will function.)

Maintenance and Inspection

Access to Site (Access to the site must be guaranteed during and after
construction.)

Inspection During and After Construction

Responsibility of Maintenance (The responsibility should be noted in the ordinance.
If given to landowner, the property title must indicate that the responsibility will
transfer if the land is sold.)

How Funds for Maintenance will be Collected

Severability (If one portion of the ordinance is found to be unenforceable, the other
provisions will remain in effect.)
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CHAPTER 3: STORMWATER MANAGEMENT MEASURES
DETENTION BASINS

As noted earlier, detention basins temporarily store stormwater before discharging it directly
into a surface-water body. Until recently, the primary function of a detention pond was to
try to reduce the flood peak. Little if any consideration was given to the pollutants carried
by the stormwater.

For the purposes of this guidebook, three types of detention basins will be considered: dry,
extended dry, and wet. Each basin can be designed to reduce flood peaks; however, their
impact on stormwater quality varies for each design.

Dry Detention Basins

The dry detention basin is probably the most popular design that has been used throughout
the United States. The basins are usually dry, except for short periods following large
rainstorms, or snowmelt events. The basins can be in the form of excavated basins,
athletic fields, parking lots, or most any storage area that has the outlet restricted in some
way. If the basin can be used for something in addition to detention, the dual use allows for
the recovery of the land cost.

The primary function of the dry detention basin has been as a flood-control device to
reduce flood peaks, reduce downstream flood elevations, and to some degree reduce
downstream erosion. The National Urban Runoff Program (NURP, Reference 51)
monitored dry detention basins and found them to have very little impact on water quality.
Sedimentation may occur in the basins; however, later runoff events will scour the bottom
and move the sediments downstream. [f water quality improvement is an objective in a
watershed, a dry detention basin isnot a recommended best management practice.

Extended Detention Basins (See figure 3.1)

The U.S. Environmenatal Protection Agency found that by modifying the outlets of dry
detention basins, it was possible to achieve water quality benefits. The outlet modification
results in the basins containing water for most storms. About 1 to 2 days after a storm, the
basin will be drained. The purpose of the extended detention basin is to increase the time
the stormwater will remain in the detention basin, which will result in more pollutants settling
out. However, the sediment must be removed regularly, to prevent the re-suspension of
pollutants by future runoff events. These basins are not effective at removing nutrients that
are soluble, such as phosphorus and nitrogen. Even though extended detention basins
empty following a storm, they may have a particulate pollutant removal rate of up to 90%,
yet the basin will likely cost only about 10% more than a "conventional" dry detention basin.
Thus for a little extra money, there can be a great potential for improving the downstream
water quality.
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DETENTION TIME: 24 TO 40 HOURS
DETENTION VOLUME: 0.78 TO 1.8 inchesimpendious Acre

Side View

2-Year WatorSurface Elevation = WihHood = fesce--
% Top Stage (Nomaily Dry) .

&% or Greater Slope for Drainasge

Figure 3.1 - Extended Detention Pond

Perforaled Riser
Encased in Gravel Jacked
Shalkow Marsh
L] 12 inches Cutflow
Source: Schueler, 1987, Reference 38 Yoe Baliar Mukrterst Reamsoval
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Following are some guidelines for the design of extended detention basins:
1. Basin Volume

The volume of storage required within a basin is dependant upon the function that the basin
will be expected to perform. If water quality is the primary concern, there are various
methods that are utilized in other regions. A straightforward method requires a storage
volume that is equal to one-half inch of runoff from the contributing watershed. (For
residential areas, 1/2 inch of runoff would be about a 1 -year rainfall event in Michigan). For
the high percentage of particulate pollutant removal, the detention basin should be
designed so that it will take at least 24 hours to drain the entire volume stored (Reference
38).

Extra volume should also be provided to account for sediment build-up over a 5 to 10 -year
period.

If water quantity is also a concern, it will be necessary to determine what flood protection is
desired. The volume of storage to provide 2 -year protection will be significantly less than
for a 100-year storm. Later in the guidebook stormwater quantity volumes and flow rates
will be reviewed.

2. Basin Configuration

The basin shape is about three to five times as long as it is wide. It is also advisable to be
narrow at the inlet and wide near the outlet (See figure 3.1).

When both water quantity and quality concerns are to be considered in the design of the
extended detention basin, the basin can be designed using a two-stage concept. The
lower stage would be designed to be wet frequently and would function as a wetland or
shallow pond. This lower stage is designed to contain the water "quality" volume noted
above. The upper stage of the basin would be designed to contain the water "quantity"
volume. Figure 3.1 shows a typical configuration of a "two -stage" extended detention
basin.

The upper stage of the basin should be sloped at a grade of about 2% or more, so it drains
well and can be maintained as a meadow-type land -use. Since the lower stage will be wet
frequently, it could be maintained as a wetland.

3. Side slopes

The side slopes leading to the detention basin should be no steeper than 3:1 (
horizontal:vertical) and no less than 20:1 to provide for easy maintenance and to insure
proper drainage to the pond. Slopes flatter than 20:1 may result in wet areas that will make
maintenance difficult. The slope within the lower stage of the basin should be relatively
steep, about 3:1, to minimize the frequently wetted land surface.
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4. Buffer Area

Surrounding the pond there should be at least a 25 -foot buffer area that is planted with
shrubs, trees and low maintenance grasses. The buffer area may improve the
"appearance" of the basin, and may also provide a potential habitat for wildlife.

5. Low-flow channel

If the basin is to be dry the majority of the time, it will be necessary to provide a low -flow
channel through the basin. The channel should be lined with rip -rap to prevent scour. The
basin storage area should drain toward the low flow channel so the area may be used and
maintained when not flooded.

6. Outlet Control

The most common outlet control device for extended detention basins typically consists of
a vertical corrugated metal pipe (cmp) that has been perforated with holes that are
generally 1 to 2 inches in diameter. The tube is surrounded by wire mesh and gravel larger
than the size of the perforations to prevent clogging (see figure 3.2). The riser will overflow
only when the design volume has been exceeded. (As an example, set the top of the riser
equal to the elevation of the pond needed to store 1/2 inch of runoff from the watershed
draining into the detention basin.)

gravel jacket
Needed to store /
design volume : _
g perforations
7T\~
wire mesh
4

7T 7T

Figure 3.2 - Perforated Riser
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Later in the guidebook the design of outlet structures will be discussed in greater detail.
However, the rate of outflow can be estimated using the following equation:

Qo= [(V)43560]/ 3600 (T) (1)
where: Q,: - outflow in cubic feet per second, cfs

Vv - design runoff volume to basin, Acre-feet

43560 - square feet per acre

T - detention time, hours; a minimum of 24 hours is suggested

3600 - conversion from hours to seconds
Using a 24-hour detention time, the equation is reduced to:
Qo =0.504 V (2)

To estimate the amount of outlet area required to carry the design outflow, it is possible to
use the following equation for orifice flow:

Q. = CA (2gh)® (3)
where: Q,« - outflow, cfs, as estimated above
C - discharge coefficient, for circular perforations, a C of 0.6 is a

reasonable value. (See reference 27)
A - Area of openings (perforations)
g - acceleration due to gravity, 32.2 feet/sec
h - average height of water above the openings (see figure 3.3a)

h=d/2

a. b.

Figure 3.3 - Average height (h) for a perforated pipe outlet structure

Since the water elevation within the basin will be constantly changing as the water flows out
of the basin, "h" will not be constant. As an estimate "h" can be taken to be equal to 1/2 the
depth of water above the opening. (It must be noted that using this average "h" will result in
an "average" discharge; this will not determine the peak discharge. If peak outflow is a

concern, the design elevation for the basin must be used to determine the "h".)

Rearranging equation (3), and inserting the constants, the area of the perforations can be
estimated to be:

Qou/A = (.6)(64.4 h)® 4)
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Example 3.1 - Given a 100-acre parcel with a water quality design criteria of storing 1/2
inch of runoff, determine:
(a) volume of runoff required to store
(b) the design outflow, using a 24-hour detention time
(c) an estimate of the total number of 2-inch circular perforations required (water
surface for design storage is 4 feet above the center of the outlet, in figure 3.3a,
d= 4 feet).

a. Volume of runoff =100 acres x 1/2 in. x 1 ft/12in. = 4.2 acre-feet

b. Using equation (2), Q.. = (.504 cfs/acre-foot)V
Design outflow (Q,.t) = .504 (4.2 acre-feet) = 2.1 cfs

c. Using equation (4), Qou/A = (.6)64.4h)°

(note: H is one-half of the distance from the center of the perforation to the design
water surface, as shown on figure 3.3a. For this example h =d/2 = 4/2 = 2)

Total area required =2.1/A =(.6){(64.4)(2)}°
=2.1/A =6.81
A =2.1/6.81 = .308 sq. feet

The perforations will be 2-inch circular holes, thus the total number of perforations can be
estimated to be:

Foracircle: A=Pi(DY;,  Acw= (NPi(D) (5)
4 4
where: Aqa - total area of all of the perforations
Pi - a constant of 3.14156
D - the diameter of the perforation, ft
n - number of perforations

by rearranging:(5) Nn=4A wa
PiD?

Using equation (5) for the example above:

n= (4) .308 square feet = 14.1, use 15 perforations
3.14(.167)2

There are no specific design guidelines associated with the spacing of the perforations in
the riser pipe. It is suggested that the spacing between the perforations be at least one and
one-half to three times the diameter of the perforation.

If all of the perforations cannot be made on one row of the riser pipe, the "h" in equation (4)
will not be the same for each row of perforations (See figure 3.3b). It may be necessary to
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re-estimate the area needed to achieve the computed outflow, using an "h" that is centered
on the rows of perforations.

For flows exceeding the water quality design flow, principal and emergency spillways must
be provided to prevent overtopping of the embankments.

7. Cost

A cost study in Washington, D.C. (Wiegand et al, 1986) derived the following rough cost
estimate for the construction of a dry extended detention basin, greater than 10,000 cubic
feet:

Cc=10.71Vv"
where: C = construction cost in 1985 dollars
V= volume of storage (cubic feet), including the permanent pool, up to

the crest of the emergency spillway

As an example, if 30,000 cubic feet of storage is to be provided, the estimated cost in 1985
dollars is about:

C =10.71(30,000)" =$ 13,200

{10 Feet Wide)

Siche View

Sediment Forebay
{Planted as Marsh)

Figure 3.4 - Wet Detention Pond

(Source: Schueler, 1987, reference 38)
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Wet Detention Ponds (See figure 3.4)

Of the three types of detention basins, the wet pond is the most effective at removing

sediment and pollutants, including nutrients. The biological processes (algae and plant life)

make the pond effective at removing nutrients, unlike dry and extended detention basins.
Since wet detention basins maintain a permanent pool of water, there is a possibility of
algae forming due to the nutrients in the stormwater. For the wet pond to remain effective
at removing the nutrients, the algae should be removed regularly. Typical methods of
controlling algae and other aquatic plants include "harvesting," dewatering, or herbicides.
The use of herbicides is contrary to the purpose of the wet detention pond. The intention of
the pond is to remove pollutants, not introduce additional pollutants. If no other alternative
is available, herbicides must be applied with extreme caution to prevent contamination of
receiving waters. The application of herbicides in surface waters will require a permit from

the Michigan Department of Environmental Quality, Land and Water Management Division,
Inland Lakes and Wetlands Unit (telephone # 517-284-5531).

If a watershed is experiencing problems with nutrients within the stormwater runoff, a wet
detention pond is really the only detention design that will provide some removal of the
nutrients.

Following are some of the design guidelines for wet detention basins, for water quality
purposes:

1. Basin Surface Area

The surface area of the basin is critical in allowing particles to settle out. The following
table gives a rough estimate of the permanent pool's surface area expressed as a
percentage of the area draining into the pond, the land use in the watershed, and the size
of particles that will be settled out. As a point of reference for particle size, fine sand is
about 40 to 100 microns, silt is about 10 microns, and clay is about 1 micron.

The 5-micron control listed will capture all particles greater than 5 microns in size, or about
90% of the particulates in urban runoff. It should be noted that some studies indicate that
10 microns is about the smallest size portion that could be expected to settle out in the
"field". A 20-micron control will capture about 65% of the particulates.

Table 3.1 - Basin Size Expressed in Percent of Drainage Area

Particle Control Size
Land Use 5 micron 20 micron

Freeways 2.8% 1.0%
Industrial 2.0% 0.8%
Commercial 1.7% 0.6%
Institutional 1.7% 0.6%
Residential 0.8% 0.3%
Open Space 0.6% 0.2%

Source: Reference 33
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As an example, a 100-acre residential subdivision would require a surface area of about
0.8 acres of wet detention to capture particles larger than 5 microns. (From table 3.1,
residential land use for 5-micron control shows a basin area that is 0.8% of the total
drainage area. Hence, 100 Acres x 0.008= 0.8 Acres). If the same parcel were industrial,
and the same 5-micron control were desired, the basin surface area would have to be
about 2.0 acres.

Of course, Table 3.1 is just an initial sizing estimate for water quality purposes. Additional
information on runoff volume and outflow rates will have to be considered.

2. Basin Volume

There are various methods used in estimating the volume required in a wet detention basin,
designed for water quality purposes. Each of the methods provides moderate levels of
sediment removal.  The design of a wet pond will require a water-quality volume to be
computed. The water-quality volume is stored above the permanent pool (see figure 3.4).
To achieve pollutant removal, the permanent volume of the wet pond should also be equal
to or greater than the water quality volume. If flood control is also a prime concern, a water-
guantity volume must be computed. The storage required for water quality concerns will
be discussed later. For the purposes of this guidebook, the four following methods of
computing the water-quality volume are discussed.

a) First-flush method. Probably the most common method used to estimate the size of a
detention basin is the "first flush" method. With this criterion, the basin volume required
is determined using 1/2 inch of runoff per impervious acre of the land draining to the
basin.

If a 100-acre site has 38 acres that are impervious, a detention basin would require
1.6 acre-feet of storage (38 acres x .5 inch/acre x 1-foot/12 inches).

A variation of this method involves using 1 inch of runoff per impervious acre. In
essence, this variation doubles the volume requirement of the detention basin. In the
example above, the storage requirement would have been 3.2 acre-feet instead of
1.6 acre-feet.

b) Runoff method. A simple method to apply involves using one -half inch of runoff for
the entire drainage basin. As an example, a 100-acre site would require 4.2 acre -feet
of storage. (100 acres x 0.5 inch/acre x 1 foot/12 inches)

This method does not give credit for low runoff (pervious) surfaces within the
watershed. A watershed that is heavily industrialized would have the same water-
quality volume requirements as a residential development.

The other methods discussed in the guidebook are dependent on land-use. Thus as
the land use changes, the volume requirements will also change. The "runoff
method" would remain at 1/2-inch runoff regardless of land-use.

c) Design-storm method. Basin volume is equal to the runoff produced by a selected

design storm. One possibility is the use of a 1 -year, 24-hour duration storm.
(Appendix B lists various storm frequencies for the counties of Michigan). This method
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will require that the land use and soil types be determined for the watershed, in addition
to the rainfall amount.

For residential developments, a tyear, 24-hour duration storm method would be
similar to assuming between 0.5 and 1 inch of runoff from the entire drainage area.
For industrial and commercial areas, a 1-year storm could produce over 1.5 inches of
runoff.

d) Mean Storm volume. The basin volume is determined to be a multiple of the mean
storm runoff volume, when only the impervious acres are considered. Mean storm
volume is defined as the volume runoff produced by the mean rainfall event. Studies
have indicated basin volumes that exceed 3 times the mean storm runoff volume vyield,
diminishing returns. The mean storm volume is determined by a statistical analysis of
the rainfall data for the area.

For Lansing, the mean storm volume is approximately 0.3 inches, (reference 54). This
value varies across the state; however, 0.3 inches is a reasonable estimate if rain gage
information is not available. If a 100-acre parcel has 38 impervious acres, and the
runoff coefficient for the impervious area is 0.95, the mean runoff volume for the parcel
is estimated to be:

(38 acres x 0.95x 0.3 in. x 1 ft/12in.) = 0.90 acre -t

The basin volume requirement is estimated to be three times the mean runoff volume
from the impervious area:

Basin volume = 0.90 acre-feet x 3 = 2.7 acre-feet

In general, the larger the pond the more efficient the pond will be at removing the
pollutants. Since there is a cost factor involved, at some point, the extra cost
associated with a larger basin does not significantly increase the efficiency of the basin.
Studies have indicated that basins which have a volume more than 3 times the mean
runoff volume have diminishing returns on the money invested.

Each design method will provide different results to be used to size the detention basin.
The table on the next page provides a comparison of the four methods for a 100-acre
parcel in Lansing, Michigan. For each runoff method, four different land use types have
been considered. Following are the four land use types and the corresponding percentage
of the total drainage basin that is impervious: commercial/business districts, 85%
impervious; industrial areas, 72% impervious; 1/4 acre residential, 38% impervious; and 1/2
acre residential, 25% impervious.

From table 3.2, it can be seen that a wide range of storage volumes can be computed
depending on the runoff criteria used. As noted earlier, storage volumes exceeding three
times the mean runoff volume have a diminishing return on the cost of the basin. Thus,
from a water-quality standpoint, three times the mean runoff volume could be thought of as
the upper limit, and the first flush method would represent the lower limit of the volume
requirements.

It is not the purpose of this guidebook to provide a method that should be used in all
communities, but to present methods that are currently in use throughout the United States.
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Actual criteria should be established at the local level. The 0.5 inch of runoff for the entire
watershed is the simplest method to administer. However, from a water- quality aspect,
this method will be very conservative in residential areas.

Table 3.2 - Detention Basin Storage Volume (acre-feet)
Comparison of different runoff methods
For a 100-acre site in Lansing, Michigan

Percent First-Flush Runoff Runol\gfe\i]cr:lume Dgsri]ge r;\g?g: -
Impervious Method Method % 3 Method Method
85 3.5 At 4.2 Aft. 6.1 Aft. 13.2 A ft.
72 3.0 4.2 5.1 11.2
38 1.6 4.2 2.7 4.5
25 1.0 4.2 1.8 2.1

3. Basin Depth

To prevent scouring and resuspension of sediments, the basin pond should be
permanently 4 to 6 feet deep over most of the basin. The depth will also minimize the
growth of aquatic plants and may allow the planting of small fish and minnows that eat
algae and mosquitoes. Depths less than 3 feet may result in scour, while depths greater
than 6 to 8 feet may result in thermal stratification and water-quality problems.

Near the basin inlets, extra depth may be constructed to provide sediment storage
capacity. It is much cheaper to initially provide extra storage than it is to dredge out
accumulated sediment.

4. Basin Shape

The basin shape should allow for good circulation and easy maintenance. If the shape is
not adequately considered, "short circuiting" may occur. When short circuiting occurs, the
incoming water does not displace the "old water" already in the basin. Instead, the
incoming water passes right through the basin with minimal pollutant removal, as a result,
water quality is not improved. It is recommended that the flow length from inlet to outlet be
about three to five times the width of the pond. If it is not feasible to construct a basin with
such dimensions, baffles should be used to achieve the flow path length. (Figure 3.5
provides some examples of short circuiting, baffles to increase flow path, and a
recommended shape.)

The most common pond configuration is wedge shaped, narrow at the inlet and wide near
the outlet. Such a shape allows for good circulation. The pond shape should also be
irregular to achieve a "natural" look that will fit in with the surroundings. However, in
achieving the "irregularity”, care should be taken to not create areas that will prohibit the
circulation of water.
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If the basin is functioning properly, it will be necessary to provide some maintenance
dredging to remove accumulated sediments. Thus, the pond shape should also consider
future maintenance needs. As an example, a long narrow pond may be easier to dredge,
than a circular pond.

Recommended Pond Shape

Figure 3.5 - Examples of Water Circulation within a Detention Basin

5. Side-slopes

Figure 3.6 shows a suggested configuration for the side slopes of a wet detention basin.
The perimeter of the pond should be surrounded by a relatively flat shelf that is at least 10
feet wide. A permanent pool of water, about 1/2 foot to 1-1/2 feet deep, should cover the
perimeter shelf. The shelf should be planted with rooted aquatic plants. The primary
purpose of the plants is to act as a vegetative barrier to prevent easy access to deeper
water to discourage swimming. However, the plants also provide a "natural" appearance to
the basin. The side slope leading to the pond shelf should be at a relatively steep slope of
about 3:1 ( h:v). Such a slope will result in less land being frequently inundated, and thus
will reduce the mosquito problems. The 3:1 slope should be continued up to the water level
elevation anticipated for the water quality design storm (such as 0.5 inches of runoff). The
side slope from the basin shelf to deep water should be 3:1 maximum.

The side slope up to the elevation that will contain the design flood (as an example a

10-year flood) is suggested to range from 4:1 to 20:1 depending on the area available. A
side slope of no less than 20:1 will provide an area that is easy to maintain and will drain
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well. These side slopes should be planted with water-tolerant grasses, shrubs, and trees
and should be maintained as a meadow. It is important to note that trees should not be
planted on any filled embankments that were created to impound water. The roots of the
trees will provide seepage paths for water during impoundment, which may lead to a failure
of the embankment.

Rise to contain
E{esign Storm (i.e., 100-year)

k“ Rise to detain

¥ water-quality

Side slop

ff vol
Ranging from 4:1 to 20:1 runofl volume Normal water

_{ level

i

Permanent pool
at least 3’ deep

preferably greater
than 6' deep

Flat Shelf at least
10" wide, planted With e
aquatic plants

wh

¥

Figure 3.6 - Typical Wet Detention Pond Cross Section
6. Cost

A cost study in Washington, D.C. (Reference 56) derived the following rough cost estimate
for the construction of a wet detention pond, less than 100,000 cubic feet:

C=6.1V"
where: C = construction cost in 1985 dollars
V= volume of storage (cubic feet), including the permanent pool, up to

the crest of the emergency spillway
For ponds greater than 100,000 cubic feet, a rough cost estimate would be:
C=34Vv*
The estimate does not include land costs, only construction costs are included. An
additional 25% may be added to the estimated cost to try to account for contingencies,

inspections, and costs of securing permits.

It must be remembered that these cost estimates are only for initial planning purposes, and
are not to be considered final estimates.

7. Outlet Rate For Water-Quality Purposes

The outflow from a detention pond will be restricted to achieve the necessary water-quality
and quantity benefits. The outlet structure must be designed to achieve the desired results.
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Later in this guidebook, flood-control considerations will be reviewed. The following
discussion is in regard to the water- quality requirements.

Two critical factors in determining the effectiveness of the removal of particulates in wet
detention basins are the settling velocity of the particulate and the velocity within the basin.

For a particulate to be removed from suspension in a detention basin, the settling velocity
must be great enough for the particulate to fall below the outlet elevation before it reaches
the outlet (See figure 3.7). Particulates that do not settle fast enough are kept in
suspension and will flow from the outlet. It can be generalized that the slower the velocity
within the basin, the smaller the particulates that will settle out. For higher velocities, only
the large particulates will settle before they reach the outlet.

From figure 3.7, a particulate will travel a distance of L at a horizontal velocity of V, in a time
of t (L = vt). The same particulate will settle a vertical distance of D at a vertical (settling)
velocity of v in a time of t (D = vt). For a particulate to be retained in the basin, the time it
takes to travel a distance of L must be greater than or equal to the time it takes to settle the
distance D.

v !i
Ltk ol

Figure 3.7 - Settling Velocity and Pond Dimension
(adopted from references 25 and 33)

In other words, the particulate must settle below the outlet elevation before it reaches the
outlet. The largest particulate that will be captured by the basin, will be the particulate that
travels the distance L in the same time that it takes to settle distance D. It can be shown
that:

t=L/V,and t=Dl/v; or
L/V=DN (6)
where: t - is the time it takes for the particle to settle
L - length of the basin
D - depth of the basin

V - horizontal velocity component
v - critical settling velocity

rearranging equation (6) :

v = VD/L;
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multiplying by basin width W:
v = VDW/LW

DW represents the cross-sectional area of the basin. Area (DW) times velocity (V) is equal
to discharge out (Qoy):

V= Qou/LW (7)
The surface area of the basin (A) is defined by length (L) times width (W), thus:
V= Qoul/A (8)

where: v - critical settling velocity in feet per second
Qout - Outflow from the basin in cubic feet per second
A -is the surface area of the detention basin, in square feet.

Linsley and Franzini (reference 25) define Q../A as the overflow rate.

From equation (8), it can be seen that the critical settling velocity is a function of the outflow
rate and detention basin surface area. It is also interesting to note that increasing the depth
of a basin does not increase the efficiency of the basin. (However, increasing the basin
depth does reduce the possibility of scour, provides additional volume to accumulate
sediment, limits winter fish kill, and reduces the amount of attached aquatic plants). To
remove smaller size particulates, it would be necessary to either decrease the outflow rate
or increase the basin surface area.

If equation (8) is rearranged:
Qout = AV (9)

The settling velocity of a particulate is a function of particle density, size, and shape as well
as the density of the liquid (water). Studies have shown that the densities of particulates in
stormwater runoff vary considerably, from 2650 kilograms/cubic meter (kg/m °) to 1100
kg/m?® (reference 41). (Note: Water has a density of about 1000 kg/m ®.) Since the density
can vary so much, the settling velocity of particulates can vary significantly. The settling
velocity of particulates can be site specific. The most appropriate method would require the
sampling of particulates contained in runoff from a specific site.

If sampling information is not available, figure 3.8 provides an estimate of settling velocity,

based on particle size. The figure has been developed assuming a particle density of 1500
kg/m?, and a water temperature of 68°F.
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The following example illustrates how table 3.1 and figure 3.8 may be used in the design of
a wet pond for water-quality purposes.

Example 3.2. Given a 100-acre industrial site for which 5-micron control is desired, find (a)
required surface area; and (b) the maximum outflow rate.

a) From Table 3.1, to achieve 5-micron control for an industrial site, the surface area
required is:

2% of the drainage area, or; .02 x 100 acres =2 acres
b) From Figure 3.8 the settling velocity of a 5-micron particle is:
v=23x10" ft/sec
Using equation (9), the maximum outflow needed to achieve 5-micron control is:
Qout = Av
Qou = 2 acres x 43560 sq.ft./ acre x 2.3 x 10 ° ft/sec
Qout = 2.1 cubic feet/sec (cfs)

With the maximum outflow known, it is possible to design an outlet structure that will
restrict the outflow to less than 2.1 cfs, at the water elevation needed to store the water
guality portion of the runoff. The typical wet pond cross section shown in figure 3.6, shows
the rise in the pond needed to store the water-quality runoff volume.

TYPICAL OUTLET STRUCTURE CONFIGURATION

The outlet for the wet detention basin typically consists of an outlet tube with a riser (See
figure 3.4) or a weir configuration. In addition to the outlet pipe, it will also be necessary to
include an emergency spillway to safely handle flows that will exceed the capacity of the
outlet structure.

If an increase in downstream water temperature is a concern, it may be necessary to
consider a subsurface outlet structure (See figure 3.9). The inlet to this pipe must still be at
least three feet above the bottom of the pond to prevent bottom materials from being
re-suspended due to scour (The basin must also be at least 6 to 8 feet deep so the water
on the bottom is cooler). A negatively sloped outlet pipe with an inlet that is below the
water surface of the pond is one method of discharging from the bottom of the pond. This
type of outlet will not be affected significantly by floating debris. As a result, the amount of
maintenance that will be required will be reduced.
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Figure 3.9 - Sub-surface Draw Outlet Structure

There are several potential problems with the design of a wet detention basin:

1.

Excessive algae must be controlled to prevent odors, and to maintain nutrient removal
capacity. If the aquatic plants are not harvested, the pollutants that have been removed
during the growing season will be released when they die in the fall.

If the basin is functioning properly, it will be necessary to periodically (about 5 to 10
years) dredge the accumulated sediment. The configuration of the pond should allow
easy access to the pond to allow dredging.

The water quality within the ponds will be poor. As a result, water contact recreation
(such as swimming) should be discouraged.

Since the pond will have a permanent pool of water, there may be a local concern
about safety. Except in the vicinity of the outlet structure, the use of fences
should be avoided. The use of fences to try to deny access to a pond will result in the
pond not being maintained properly and will likely result in the pond becoming a
dumping ground for various types of refuse. It is recommended that the pond be
designed and landscaped in such a manner as to discourage easy access to the pond
by little children.

Using natural wetlands for treating stormwater runoff can modify the hydrologic
characteristics of the wetland. It is highly recommended that natural wetlands not be
used for stormwater treatment. When alternatives are available, the stormwater should
be treated before discharging to a natural wetland. It is strongly urged that the District
Office of the Land and Water Management Division, Michigan Department of
Environmental Quality (MDEQ) be involved early in the planning stage (see Appendix
A).

If the runoff will contain a high concentration of toxic contaminants, it may be necessary
to "pre-treat" the runoff before discharging to the wet pond. (One alternative would
involve retaining the runoff on-site). The Surface Water Quality Division of the DEQ
may be able to provide some guidance in pre-treating stormwater runoff for toxic
contaminants.
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CHAPTER 4: RETENTION BASINS

The terms detention and retention many times are considered to have the same meaning.
However, in this guidebook, a retention basin will be defined as a stormwater management
practice that captures stormwater runoff, and does not directly discharge to a surface water
body. Water that is "retained" is "discharged" from the basin either by infiltration or
evaporation. Retention basins will typically have minimal impact on 100-year flood peaks,
since they are usually not designed to retain the 100-year runoff.

The two driving forces in the design of a retention (infiltration) basin is the amount of runoff
that will be retained, and the infiltration capacity of the soil. Since infiltration capacity is
critical, soils that contain a high percentage of silt of clay cannot be used for infiltration
basins.

The use of retention (infiltration) basins can result in a high percentage of pollutant removal.
Table 4.1 indicates estimated removal rates for a retention (infiltration) basin for two types
of sizing requirements.

Table 4.1 - Estimated Long-Term Pollutant Removal Rates (%) For Infiltration
Basins

POLLUTANT SIZINGRULE SIZINGRULE
0.5 in/imper acre 2-yr runoff volume

SEDIMENT 75% 99%
TOTAL PHOSPHOR 50-55% 65-75%
TOTAL NITROGEN 45-55% 60-70%
TRACE METALS 75-80% 95-99%
BOD 70% 90%
BACTERIA 75% 98%

(Source: Schueler 1987, reference 38)
The larger the basin, the more efficient the basin will be at removing pollutants. However,
since larger basins cost more, there will be a point at which the additional cost of a larger
basin will not translate into a significant increase in the efficiency of the basin.

Following is a list of guidelines for the design of a retention (infiltration) basin:

1. Volume Requirements - for water quality purposes.
The most widely applied runoff methods include:
a) Storage of 0.5 inches of runoff per impervious acre.
b) Storage of 0.5 inches of runoff from the entire drainage basin.

c) Storage of the volume of runoff from a 2 -year storm.

If the basin is to provide water- quantity benefits, the retention volume has to be
significantly higher, which may not be feasible. It would be more appropriate to use a
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retention basin to capture the "first flush" and use a detention basin for water quantity
control.

2. |Infiltration Capacity

The other design consideration for a retention basin is the infiltration capacity of the soil.
For a site to be considered feasible to use a retention basin design, the infiltration capacity
of the soil should be greater than 0.52 inches per hour (reference 38).

To insure that an accurate evaluation of the soil type is made at the basin, soil borings are
needed at least 5 feet below the bottom of the proposed basin. Adequate soil information is
essential to have before the basin is designed. Without such information, there is a high
probability that the basin will fail.

Table 4.2 - Infiltration Rates for Soil Groups

National Resource

Soil Class Infiltration Rate Conservation Service
(inches/hour) Hydrologic Soil Group

Sand 8.0 A

Loamy Sand 2.0 A

Sandy Loam 1.0 B

Loam 0.5 B

Silt Loam 0.3 C

Sandy Clay Loam 0.2 C

From table 4.2, only soil groups A & B would be feasible for the use of an infiltration
retention basin. If the soils are C or D, the basin would likely remain wet and eventually
lose its capacity of retaining stormwater runoff. In addition, if the basin remains wet, the
basin may be considered an eye sore, and adjacent property owners will likely want the
basin filled in.

A 1987 survey in Maryland by Pensyl and Clement (reference 32) found about one -third of
the infiltration basins contained standing water. The reasons given for the standing water
include, low infiltration rates due to compaction during construction, sedimentation, and
poor preliminary soil investigation.

Ferguson (reference 14) offered additional views, in which he indicated that the design of
retention basins is typically based only on a design runoff; the everyday rainfall and runoff
events are not considered. Ferguson also concluded that "a basin sized only for a 0.5 inch
first flush is not likely to be capable of capturing the first flush; a basin sized only for a
design storm is not likely to be capable of capturing the design storm...” This conclusion is
a result of basin designs that ignore the "everyday" flows, which can accumulate in the
basin and reduce the capacity of the basin.

The "everyday" flows accumulate in a retention basin when the "flow" into the basin
exceeds the infiltration capacity of the basin. As a factor of safety, it is suggested that the
infiltration capacity of the basin floor be multiplied by at least 0.5 when designing the basin.
The factor of safety is to try to account for the compaction of the basin floor and the
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accumulation of sediments on the basin floor. If the retention basin happens to be an area
that will be used as a recreation area, such as a playground, it would be advisable to apply
an additional factor of safety. Heavy foot traffic will tend to compact the basin floor, and
reduce the infiltration capacity.

The factor of safety in combination with a minimum infiltration rate of 0.5 inches/hour should
minimize the potential for standing water occurring in the retention basin.

3. Basin-bottom elevation

To ensure that the basin will be able to function properly, the basin bottom should be at
least 4 feet above the seasonal high-water table and/or bedrock.

4. Maximum ponding time of 72 hours

If the ponding time exceeds 72 hours, it is possible that the basin will be continually wet.
An infiltration basin that is continually wet cannot be maintained properly, and may turn into
an eye sore.

5. 10 feet from the nearest basement wall

The retention basin should be placed at least 10 feet from the nearest basement wall.

6. 100 feet from nearest well

To limit the possibility of contamination, the basin should be located at least 100 feet from
the nearest water supply well.

7. Not placed in filled areas
The basin should not be constructed in "filled" areas.
8. Use water-resistant grasses

The side slopes and bottom should be vegetated using grasses that can withstand being
covered by water for up to 72 hours.

9. Avoid compaction of basin bottom.

In many instances, the retention basin is only a portion of a large project. The basin area
should be staked out and avoided by heavy equipment during construction to prevent
compaction of the soil. Care must also be taken during the actual construction of the
retention basin to prevent compaction of the bottom of the basin by construction equipment.
To prevent compaction, it may be necessary to excavate from the sides of the basins,
rather than placing the equipment on the basin bottom.

10. Provide overflow area
Provide an area which may overflow should the design criteria be exceeded. The area

should be stabilized to prevent erosion. When overflow occurs, a drainageway must be
available to carry the water.
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11. Reduce amount of sedimentation that gets into the basin

It is essential to remove as much sedimentation as possible before the flow gets to the
basin. The use of erosion-control measures, sedimentation basins, and grass filter strips
before and during basin construction is very effective. The retention basin should not be
used as a sedimentation basin during the construction phase. The sediment will tend to
seal the basin bottom, which will significantly reduce the infiltration capacity of the basin. If
there are no other alternatives, all the sediment that has accumulated during construction
should be removed down to "natural” soil.

12. Removal of sediment

Even with erosion control measures in place, sedimentation may accumulate in the basin.
If the sedimentation is not removed, the basin floor will "seal" and the basin will turn into a
"mud hole". The sedimentation should be allowed to dry before light equipment is used to
remove the sedimentation. Once the sedimentation is removed down to the basin floor, the
floor should be tilled and revegetated to restore infiltration rates.

EXAMPLE 4.1: Retention Basin Design

The runoff from a 10-acre site is to be retained. Estimate the basin size given the following
criteria:

a) The basin is commercially developed (85% impervious)

b) Retain 0.5 inches of runoff/impervious acre

c) Drain pond in at least 48 hours

d) Infiltration capacity of the soil is 1.0 inch/hour

e) Multiply the infiltration capacity of the basin floor by 0.5 as a factor of safety.

) Compute runoff volume:
(Total Area) x (% impervious) x retention requirement

10 acres x 0.85 x 0.5 in/acre = 4.25 acre -in (0.35 acre-ft)
)] Compute the basin depth needed:

(infiltr. time) x (infiltr. capacity) x factor of safety
48 hrs. x 1.0 in./hr x 0.5 = 24 in.; or 2 feet in 48 hours
[])) Compute the surface area of the basin:

volume of runoff / infiltration available
0.35 acre-feet / 2 feet = 0.175 acres = 7623 square ft

suggest 8000 square feet

It should be noted that this sizing estimate has excluded the infiltration that may be
occurring through the sides of the retention basin. For shallow retention basins such as this
one, the infiltration through the sides will be much less than will be occurring through the
basin floor.
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PROBLEMS AND CONCERNS WITH RETENTION BASINS
Potential Groundwater Contamination

Under current State of Michigan regulations, a ground-water discharge permit is not
required for the discharge of stormwater via an infiltration basin.

Studies done on infiltration basins in Long Island, New York and Fresno, California
(reference 51) indicated metals and other pollutants accumulated in the upper few inches of
the soil in the basin and did not reach the groundwater. Pitt (reference 33) noted that these
studies did not thoroughly investigate the impact of soluble organics on the groundwater.

If soluble organics are present and may be picked up by stormwater runoff, from areas
such as industrial facilities, it is best to identify the source of the pollutants and eliminate the
source.

If source elimination is not possible, the distance between the basin bottom and the
seasonal high ground-water table should ke kep t as large as possible. The four-foot
distance, mentioned above is a minimum for all retention basins, if organics are present the
distance should be greater. At this time there is no "rule of thumb". The State of Wisconsin
considers sites that have a 20-foot depth to ground water as being minimally susceptible to
ground water contamination.

Additional study is needed into the potential groundwater problems from soluble organics
that may result from infiltration of stormwater runoff.

Sedimentation

If sedimentation is a problem in the drainage basin, it is essential to provide some method
of capturing or reducing the sedimentation before it reaches the retention basin. Excessive
sedimentation will "seal" the bottom of the basin, which will result in a continually wet basin.
Maintenance may be necessary to remove the excess sedimentation that may accumulate
in the bottom of the basin, loosen the bottom soil, and revegetate.

Property Owners

If on-site retention basins are used, the property owner may view it as a drainage problem,
especially if the infiltration capacity has been reduced. Since the basin is on site, there may
be problems keeping the basin maintained. In addition, it is possible that the property
owner will become upset with having the water accumulating on the property and may try to
fill in or regrade the basin. To minimize problems from property owners, it would be
advisable to place the basins in "common" areas where they can be maintained.

Oil and Grease

If the runoff from the drainage basin will contain oil or grease, it will be necessary to use an
oil/grit separator to remove these pollutants before they reach the retention basin (see
figure 4.1). The oil and grease will tend to seal the basin bottom, which will result in
standing water. A typical oil/grit separator consists of three chambers, and provides 400
cubic feet of wet storage per acre of contributing drainage area. The first chamber captures
sediment, while the second chamber captures the oil and gas films which are eventually
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absorbed by particles and settle. The pool of water in the first two chambers should be at
least four feet deep and is controlled by an inverted elbow. Between the first two chambers
are two six-inch orifices protected from clogging by a trash rack. The separator will have to
be cleaned out regularly for it to remain functional.

>1 foot
>1 funt¢

0 outlet

Two six-inch
orfices with
trash rack

Figure 4.1 Schematic of Qil/Grit Separator (Reference 38)

Winter Freeze-up

When the ground is frozen there will be very little infiltration capacity available to the basin.
As a result, winter and early spring runoff may not infiltrate immediately, but will pond in the
basin. It is very likely that the capacity of the basin will be exceeded during early spring. If
extra storage capacity is not provided for in the pond, a stabilized overflow area should be
provided.

Slope Stability

Whenever water is introduced into the ground, there is a potential that the stability of the
soil will be impacted as a result of the infiltration. It is suggested that a geotechnical
engineer be consulted to determine if water from the infiltration basin will result in stability
problems in the vicinity of the basin.
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CHAPTER 5: OTHER INFILTRATION DEVICES

The following infiltration practices may be implemented for very small drainage areas, such
as a single residence, a parking lot, or a commercial building. As with retention basins,
infiltration capacity and runoff volume are the two primary components in the design.
These practices can be implemented in the "upland " areas to reduce stormwater runoff
quantity and improve quality, by removing stormwater from the surface water regime and
putting it into the sub-surface or groundwater regime.

INFILTRATION TRENCHES AND DRY WELLS

These two devices are very similar in that they consist of a hole in the ground that is filled
with coarse aggregate, and then covered with a pervious layer of soil. The purpose of
these methods, is to direct the runoff to the infiltration area, where it will "soak into" the
ground.

The dry well is used primarily to retain runoff from residential and commercial rooftops (Fig.
5.1). Infiltration trenches are used to capture runoff from streets and parking lots (Fig. 5.2).

Two primary criteria for determining if a particular site is suitable for an infiltration trench or
dry well, is the same as they are for retention basins.

1. Seasonal high groundwater and bedrock are at least 4 feet below the bottom
of the trench/dry well.

2. Infiltration capacity of the soil is at least 0.52 inches/hour, 4x 10 * cm/sec
(U.S. Soil Conservation Service soil classification group A or B).

If either of these two criteria is not met, an infiltration method should not be used at the site.
There are various in-depth methods that have been developed to determine the size of an
infiltration trench (reference 41). However, instead of going into a detailed analysis, the
following estimate is provided.

As a minimum, provide storage volume equal to 0.5 inches of runoff per acre of
impervious surface.

EXAMPLE 5.1: An infiltration trench is to capture 0.5 inches of runoff from a 1 acre parking
lot, determine the trench dimensions.

1. The volume of runoff from the 1-acre parking lot is determined by:

1 acre x 43560 sq. ft./acres x 0.5 inch x 1 ft./12 inch = 1815 cubic feet

2. The storage volume available in the trench does not include the aggregate backfill. The
volume of the trench can be estimated by:

Ve =V, /0.4 (10)
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Figure 5.2 - Infiltration Trench

(adopted from reference 38)

39



3.

where: Vir - total volume of trench

Vo - total volume of runoff
0.4 - is the effective porosity, to account for the volume occupied by the
aggregate

The total volume of the trench would be estimated using equation (10):

Vi = 1815 cubic feet / 0.4 = 4540 cubic feet

If the trench is 6 feet wide and 4 feet deep, the required length of the trench should
be:

Ly =V, /wxd (11)
where: L, - length of trench

Vir - volume of trench

w - width of trench

d - depth of trench

Ly = 4540 cu.ft. / (4 ft. x 6 ft.) = 190 ft

Following are some guidelines for designing infiltration trenches:

—

© ®©

Infiltration rate of the soil should exceed .52 inches per hour.

The bottom of the trench should be at least four feet above the seasonal high
groundwater.

The trench should be backfilled with washed aggregate, 1-1/2 to 3 inch in diameter. If
fine material is used, the voids in the aggregate will be reduced, which will reduce the
storage capacity in the trench. Better pollutant removal can be achieved using a trench
configuration that is broad and shallow, as opposed to being narrow and deep.)
Clogging of infiltration trenches by sediment is a primary mode of failure. Thus, it is
essential that either the sediment be controlled before it is picked up by runoff,
or it is captured before it reaches the trench. There should be a vegetative filter
strip at least 20 feet wide between the runoff source and the trench.

Filter fabric (non-woven is recommended) must surround the backfill material. Without
the filter fabric, the trench will become clogged with sediment, and it will be necessary
to dig up the entire the trench. Filter fabric will make maintenance somewhat easier.

To accommodate flows that exceed the capacity of the infiltration trench, provide a
non-erosive channel leading to a watercourse.

For infiltration trenches to work during freezing weather, it is suggested that the bottom
of the trench be placed about 3 feet below the frost line. (Thus, in Michigan, such
trenches would have to be extremely deep to be effective.)

Install an observation well in the trench to determine if the trench is functioning.

The bottom of the trenches should have a flat bottom (0% slope).
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GRASSED (VEGETATED) SWALE

The most common practice of drainage is through the use of curb and gutter, or "drain
enclosures," which allow the water to be carried away quickly, solving the drainage
problem. However, as has been pointed out earlier, getting the water away quickly simply
moves the problem to a downstream property owner or community and may not actually
solve the problem. In addition, conveying runoff through drain enclosures has virtually no
positive impact on water quality.

A grassed swale, to many, would be referred to as a "ditch." Ditches are something that
property owners and drainage engineers have been trying to eliminate for years. However,
in the past few years, it has been realized that there are water quality benefits to using
swales in lieu of pipes or gutters. Grassed swales allow pollutants to be filtered out by the
grasses while also allowing infiltration into the ground. As a result, pollutant loading can be
reduced significantly through the use of grassed swales.

Various studies throughout the United States and Canada indicate significant reduction in
runoff rates and pollutant loadings when grassed swales are used as opposed to pipes or
gutters. However, the biggest obstacle to overcome when proposing a grassed swale is
the general public’s perception that grassed swales are "drainage problems," and
"eye-sores."

The swale may require periodic maintenance to remove trapped sediments. The primary
concern with swale maintenance is keeping good cover of grass, which may require
periodic reseeding or sodding. Property owners adjacent to the swale should be educated
in the function of the swale, as their actions may impact negatively on the swale's
performance by keeping the grass too short or applying fertilizers and herbicides.

Figure 5.3 provides a sketch of a grassed swale, which has incorporated swale blocks. It
would be desirable to configure the check dam in a "V" shape, to try to minimize the erosion
at the ends of the check dam. The purpose of the swale block is to provide a "mini" in -line
retention basin. The storage capacity behind the swale blocks is designed equal to the
volume of runoff that is desired to be retained.

slope of swale
as flat as possible

check dam

Figure 5.3 - Grassed Swale with Check Dam

Figure 5.4 provides a listing of area, wetted perimeter, and hydraulic radius for various
swale shapes. Figure 5.5 provides an approximate method for computing the volume of
storage behind swale blocks.
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Figure 5.4 - Hydraulic Elements of Channel Sections
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Triangular-Shaped Swale Trapezoidal-Shaped Swale
Top width (T) = 2zd Top width (T) =b + 2zd
Volume = d’zL Volume = (d?zL)/3 + (dbL)/2
6

Figure 5.5 - Estimated Volume of Storage Behind Swale Blocks

Example 5.2: Given: One-acre parcel that is 80% impervious. Design swale block spacing
to retain 0.5 inch of runoff per acre of impervious surface from the parcel within the swale.
The swale has a 4 -foot bottom width, and a side slope of 4:1(h:v), and a bottom sl ope of
0.005 feet/feet (.5%). In addition, the swale should be designed to carry the 2 -year flow
which is estimated to be 30 cfs at this location. The roughness coefficient is taken to be
0.07.

Design the swale, and the swale block spacing.

1. Estimate volume of runoff from the parcel that is to be stored within the swale behind
the swale block:

Volume = 1 Acre x 43560 sq.ft/acre x 0.8 imp x 0.5/12 ft runoff = 1452 cubic feet
2. Estimate volume available behind the swale block, assuming a trapezoidal shape:
Volume = (dzL)/3 + (dbL)/2  (see Figure 5.5) (12)
where: b - bottom width
d - depth

z - side slopes (h:1v)
L - length between swale blocks
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Using equation (12), and assuming a depth of 1.5 feet, the length of the swale is
estimated to be:

1452 =[(1 .5)2 4(L))/3 +[(1.5)4L)/2
1452 =3L+3L
L = 242 feet

(The required length could be reduced to 156 feet if the depth were increased to 2 feet.)
Estimate channel depth to carry the 30 cfs design flow using Manning’s equation:

Q=1.486 AR**S"* (13)
n

where: A - area (for trapezoid) - (bd + zd®) (ft.%)
R - hydraulic radius - (see figure 5.4) (ft.)
n —Manning’s roughness coefficient
S - slope (feet/feet)

Note: When computing the area and hydraulic radius, b (width) is the channel "bottom"
width at the top of the swale block and d(depth) is the distance between the water surface
and the top of the swale block. From figure 5.5, the channel width at the top of the swale
block in this example is equal to:

T=b+2zd=4+2(4)(1.5)=16 ft.
Using equation (13):

30cfs = 1.486 A R?® (.005)"*
0.07

Thus: ar’® =20

d a* p** r aI,2/3
0.1 20.0 24.3 0.82 17.6
1.1 22.4 251 0.90 20.8

The area (a) can be computed using:
*a=bd+zd=16d +4d*>  (from figure 5.4)

By trial and error it is possible to determine the depth needed to obtain AR #° = 20. By
assuming a depth, the wetted perimeter (p) can be computed using:

*p=b+2dvzZ+1=16+2dVv17 = 16 + 8.25d

For an assumed depth of 1.1 feet, the computed AR** is very close to the AR** value
that is required. It would be advisable to include a freeboard elevation try to account
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for any uncertainties. Figure 5.6 shows the swale configuration. Note that the depth
(d) is the distance above the swale blocks. The area below the top of the swale
blocks is storage area, and does not convey floodwaters.

16'
= _I swale blocks

Water surface at 30 cfs ‘

242"

.5

swale block i,_ "| z=4
41

Figure 5.6 - Swale Configuration For Example

S, = .005 fi/ft

Following are some guidelines for grassed swales:

1. The side slopes should be 4:1 (h:v) or flatter.

2. Underlying soil should have a permeability that is .5 inches/hour or greater (an A or B
type soil).

3. Dense vegetation that is water tolerant and resistant to erosion should be planted.

4. Slope should be less than 2% (2 feet per 100 feet). Slopes that exceed 2% should
include check dams to limit the velocity and potential erosion.

5. Velocities should be less than 5 feet per second.

6. Set the top of the swale at least .5 feet above the design flow water surface elevation.

GRASS FILTER STRIPS

The use of grass filter strips can be quite effective in removing particulate pollutants from
overland flow. Some of the uses include directing runoff from parking lots or rooftops
across a filter strip before discharging into a drainage course, or infiltration basin. The
object of a filter strip is for the grass to act as an obstruction to flow and result in the
particulates settling out. For a filter strip to work, it is necessary for the depth of flow to be
less than the grass height.

Research has been done relating to the effectiveness of filter strips. Such research
(references 6 & 31) indicated that the effectiveness of the filter strip is a function of several
variables, such as rainfall intensity, total rainfall, slope of the filter strip, depth of flow on the
filter strip, length of contributing area, particle size, and filter-strip length.

In addition to these variables, there are unknowns, such as spacing of the plants and
sediment accumulation. Instead of trying to include design charts for all of the possible
variables, it is suggested that a filter strip width of about 20 feet at a slope of about 1% be
used where possible. This criteria would capture more than 90% of particles that are 10y
(10 micron) or larger for most conditions. (Note: As a reminder, fine sand is about 40y to
100y, silt is about 10y, and clay is about a 1y-size particle.)

In many instances, more than 90% of particles that are less than 10y will be captured by a
10-foot filter strip. To capture particles that are_1y, filter strip widths in excess of 400 feet
may be required. Research has indicated that filter strip widths to capture 1y particles
would have to be up to 100 times longer than required for 10y particles.
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Filter strips are typically used in conjunction with other stormwater-management practices
to reduce the sediment being introduced into the drainage system. Because the filter strips
are very effective at capturing particulates, there will be considerable amount of
maintenance that will be required to keep the filter strips functioning. The grass should be
cut only when absolutely necessary to ensure that the filtering capacity of the strip is
maintained. In addition, it will be necessary to frequently vacuum near the point at which
the flow will enter the filter strip. Without adequate maintenance, the effectiveness of the
filter strip will be greatly reduced, and there is a possibility that the sediments will be picked
up by future runoff events.

At times it may be necessary to incorporate the sediments into the soil by plowing up the
grass strip and replanting the area, preferably with sod.

Following are some guidelines that may be used for the construction of filter strips:

1.

It is suggested that, at a minimum, the filter strip be about 20 feet wide with a slope of
about 1%. This width and slope does contain a factor of safety. Thus, if site conditions
require some modifications to the filter strip, the modifications can be done, and the
strip can still achieve significant sediment reduction.

Grasses that are used in the filter strip should be resistant to water inundation and salt.
Grasses such as perennial rye grass, tall fescue, and creeping red fescue have shown
a resistance to salt and can grow in a Michigan climate. It would be advisable to plant a
mixture of grasses to minimize the possibility of a disease or fungus killing the ground
cover composed of a single species.

Care should be taken in the final grading so that flow is not channelized on the filter
strip. The runoff from the contributing area should be as wide as possible to allow the
flow to spread out, which will facilitate the deposit of particles.

Filter strips are most applicable for small watershed areas, typically less than 5 acres.
Soils most suitable for filter strips include types A, B, and C. D soils may be used, but
they are less desirable.

If the contributing area has a high output of sediment, the filter strip may require an
excessive amount of maintenance to keep it functioning. Thus, to keep the filter strip
effective, erosion-control techniques may have to be incorporated into the contributing
area to reduce the sediment runoff.
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CHAPTER 6: WATER-QUANTITY CONSIDERATIONS

Thus far, the primary focus of this guidebook has been on the water quality aspects of
stormwater management. Before the actual design is discussed several design
considerations should be investigated.

DESIGN STORM

Before a detention or retention facility can be designed, it is necessary to determine what
type of protection is desired. More communities around the United States are beginning to
use the 100-year, 24-hour storm as the design standard. Such a standard is consistent
with the National Flood Insurance Program and current floodplain mapping for the State of
Michigan.

A primary goal of stormwater management is to maintain flood discharges at current levels,
even after development has taken place. Without adequate stormwater management,
flood discharges, flood damages, and erosion may take place at downstream locations, as
a drainage basin changes from undeveloped to developed.

Before selecting a design storm, it is advisable to look at downstream properties to see
what is or may be impacted by flooding. If flood damages are occurring frequently, it will
not be enough to look at only one design storm, such as the 100 -year flood. It will be
necessary to look at a range of storms to be sure that the proposal is not increasing
flooding potential for downstream properties. There may be instances in which a detention
pond that reduces or maintains the existing 100 -year discharge may increase the impact of
flooding caused by the more frequent floods.

Table 6.1 is an example of frequency and rainfall amounts. Appendix B shows the plots of
the remainder of the state.

Table 6.1 - Frequency and Rainfall Amounts for Eaton County

Frequency 1-yr 2-yr 5-yr 10-yr ~ 50-yr  100-yr
24-hr. rainfall (inches) 2.2 26 3.1 3.5 4.6 5.1

LOCATION OF DETENTION STORAGE

In the past, communities have passed ordinances that require peak runoff rates after
development to be less than or equal to runoff rates before development. The criteria may
change from community to community; however, the goal is to maintain the current runoff
rates through the use of on -site storage. While the concept may be honorable, in many
instances, the result of the ordinance is the construction of a number of detention basins
throughout the community for which the combined effects actually increase downstream
flooding.

The size and location of detention storage impacts the peak flood flows (reference 20).

Basin wide planning is essential to result in properly sized basins and to prevent flood
discharges from being increased.
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In 1986, the DEQ studied the Sargent Creek watershed in Oakland County to determine
the impact that detention has had on the flood flows of this urbanized basin (reference 29).
As the watershed was urbanizing, on -site stormwater detention was required. The study
looked at the impact that the on -site detention basins had on the flood flows as compared
to a regional detention basin or a series of detention basins. It was found that an in -line
detention basin would need about one-half of the amount of land that th e on-site detention
basins needed to accomplish the same impact on flood discharges. The study also
indicates that in some instances regulated on -site detention ponds have increased peak
flows downstream by delaying outlet peaks to the extent that all of the flood peaks combine
simultaneously.

At the extreme upper and lower ends of the watershed, detention ponds will have little
beneficial impact on peak flows. Since the runoff f