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CHAPTER IIII
STORMWATER
DESIGN MANUAL
A. STORMWATER MANAGEMENT CRITERIA
1. OVERVIEW OF PERMIT REQUIREMENTS
As urban areas continue to develop and sites redevelop the volume of runoff rises because of
the increase in impervious areas. Previously, stormwater management philosophy
concentrated on only addressing the affects of the additional volume of flow being generated.
However, with the enactment of the NPDES Phase II Stormwater Permit regulations the
current philosophy of stormwater management now focuses on a more integrated approach
that acknowledges the aspects of volume, rate and quality as well as the relationship between
ground water and surface water.
Part I, Section A., 4., a, 4) of MDEQ’s 2008 Stormwater MS4 General Permit entitled “Post
Construction Water Control for New Developments and Redevelopment Projects”
established the minimum post-construction requirements which a community must adhere to.
Although MDEQ withdrew its General Permit and the City’s Certificate of Coverage in
2010, the City of East Lansing elected to include several of the requirements from the 2008
permit in its original Post Construction Stormwater Management Guidance Manual.
In 2015, the City received its individual NPDES Permit authorizing discharge from the City’s
MS4. The permit establishes the following Post Construction Storm Water Runoff
guidelines for the minimum treatment volume standard and the channel protection criteria:
“a) Water Quality Treatment Performance Standard
Treat the first one (1) INCH of runoff from the entire site. BMPs shall be
designed on a site-specific basis to achieve a minimum of 80 percent removal
of total suspended solids (TSS) as compared with uncontrolled runoff or a
discharge concentration of TSS not to exceed 80 milligrams per liter (mg/l).
b) Channel Protection Performance Standard
The post-construction runoff rate and volume of discharge shall not exceed
the predevelopment rate and volume for the project site for all storms up to
the two-year, 24-hour storm.”
This section addresses the following primary objectives for controlling stormwater runoff:
(1) stable conveyance and channel protection; (2) flood control; (3) groundwater recharge;
and (4) water quality.
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2. STABLE CONVEYANCE AND CHANNEL PROTECTION
a) Introduction
As urban areas develop the volume of runoff rises because of the increase in
impervious area. Also, natural drainage patterns are modified, with runoff channeled
into roadside drainage ditches or storm sewers. These modifications increase the
velocity of runoff and decrease the travel time required for runoff to reach the
receiving surface water. Stormwater rises much more rapidly to peak discharges that
are much higher, often resulting in higher flood stages in the receiving water. As
such, streambank protection criteria must apply to all development sites for which
there is an increase in the natural flow to downstream feeder streams, channels,
ditches, and small streams.
As illustrated in a typical hydrograph, both the peak discharge flow rate and volume
are lower under natural predevelopment conditions. Under these natural conditions
stormwater is able to seep into the ground resulting in a slow release to surface water
over a period of days. The typical hydrograph shows that the post-development peak
flow rate and volume are much higher since the water turns into surface runoff and
enters the receiving water body all at once.
As a result of the loss of perviousness associated with development, the stream
channel experiences higher flows more frequently and for longer durations. These
higher velocity flows cause stream banks to erode and the channels to widen. Eroded
sediment is then deposited in slower downstream reaches. The increased frequency
of these channel disturbances limits the quality of the habitat in the stream channel,
especially for organisms with longer life cycles.
Peak flow attenuation, where stormwater is detained so that the post-developed peak
flow does not exceed pre-developed peak flow, is the traditional way of dealing with
this problem. While it may prevent flooding of downstream infrastructure,
traditional peak flow attenuation does little to prevent stream channel degradation and
downstream sedimentation, and may even exacerbate it. There are several reasons for
this. Peak flow attenuation is usually applied only to relatively infrequent storms (2
year-24 hour or greater). This type of detention usually has little or no affect on the
exaggerated post-development hydrographs from the smaller, more frequent storms
(i.e. 3 month, 6 month and 1 year) that produce flows high enough to cause
significant channel degradation. Also, since peak flow attenuation does not reduce
the total volume runoff, the peak flow is sustained over a much longer timeframe and
the channel is therefore exposed to highly erosive forces for a longer period.
When viewed on a watershed-wide basis, studies have shown that peak attenuation
alone can sometimes result in an increase in stream peak flow from pre-developed
conditions due to a shift in the timing and duration of the peak flows. Peak controls
on several different developed sites that before development were staggered, may
cause the truncated peaks to overlap, thus increasing the stream flow. Also, detention
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of the peak from a developed site low in the watershed may cause it to coincide with
the peak streamflow from the upper part of the watershed.
To effectively limit the negative impacts of development on stream morphology and
habitat, stormwater management systems must do more than the traditional peak flow
attenuation of large, infrequent storms. They must minimize exposure of the stream
channel to erosive flows either through extended detention of the discharge or
through reduction in the volume of the stormwater discharge for the more frequent,
potentially channel shaping storms.
b) Geomorphology Concepts
The active channel is that part of the channel which conveys the dry weather flow and
flow from frequent precipitation events. Its dimensions are determined through a
balance between those forces tending to dislodge and transport boundary materials
and those forces tending to resist movement such that the stream is just able to move
its sediment load. The forces tending to dislodge and transport boundary materials
are referred to as the erosive forces and they are related to the volume and rate at
which sediment and water are delivered to the stream.
An increase in erosive forces is one of the potential consequences of urbanization and
uncontrolled runoff. Channels have an innate ability to tolerate some variability in
the influx of sediment and water. This threshold varies with the resistance of the
boundary materials and type, density, and distribution of riparian vegetation.
However, it has been found that at levels of watershed imperviousness above about
10%, stream channels become unstable and begin eroding. Channel enlargement in
urban areas is well documented. The degree of enlargement is a function of the
magnitude of the change in the sediment- flow regime and the resistance of the
boundary materials.
It should be noted that erosion is a normal aspect of river behavior. Channel function
involves conveying water and sediment to larger water bodies. The objective of
stormwater management is not to eliminate erosion but to maintain a level of stream
erosion such that the channel can continue to fulfill its normal function. Too much
control over streamflow may reduce the stream’s ability to transport its sediment load
resulting in a choking of the channel. Conversely, not enough control may result in
too much erosive power causing the stream to erode its boundary and enlarge.
Stormwater management measures developed to control erosion potential, including
those adopted locally, were based on control of the peak flow rate. Control involved
reduction of the post-development peak flow rate for a specific design storm, to the
pre-development flow rate for the same storm. The two year storm has historically
been adopted as the design event because it has been found to correspond to the
bankfull flow stage, when water fills the active channel without spilling out onto the
floodplain. The bankfull flow performs the most work, in terms of sediment
removed, and consequently, it was believed to be the flow responsible for the shape
of the active channel.
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The active channel, however, is not formed by any single event. Its form is the
consequence of the sum of forces on the boundary by a range of events, from those
that partially fill the active channel (for about mid-bankfull) to the bankfull event.
Mid-bankfull flows, which rarely occur prior to urbanization, occur frequently
following development. The increase in the frequency of their occurrence is such that
they may be the events that perform the most work in shaping the channel.
The traditional method adopted for control of erosion potential also does not address
the resistance of boundary materials. It assumes the channel is symmetric and the
boundary materials are homogeneous. More typically, channels are asymmetric in
form and the boundary materials are heterogeneous deposits. In many cases, the
banks are composed of several different layers of material each of which has unique
properties that determine its resistance to erosion. Streams have the tendency to
attack the material with the least resistance to erosion. If this material is near the
bottom of the bank, the channel will tend to be wider than if the lower materials are
more resistant, because the maximum erosive force on the bank is located within the
lower third of the bank profile.
The traditional approach to control erosion potential fails to recognize the importance
of frequent flow events, the heterogeneity of boundary materials, as well as channel
stability. In unstable streams, the innate capacity to absorb a change in the flow
regime has been diminished. Consequently, the required degree of control may be
greater than for stable systems.
A design methodology that overcomes the limitations of the traditional approach for
control of in-stream erosion potential would be preferred. The challenge is to balance
the need for a comprehensive characterization of the fluvial system with the need for
a relatively simple but universal design procedure that may be applied in
circumstances where detailed information may not be variable.
c) Detailed Design Approach
As noted previously, MDEQ’s NPDES Phase II Stormwater Permit states that the
channel protection criteria established in this permit is to maintain post-development
site runoff volume and peak flow rate at or below existing levels for all storms up to
the 2-year, 24-hour event.
However, the City of East Lansing reserves the right to enforce more stringent
discharge limits if downstream conditions warrant.
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d) Stormwater Conveyance
Stormwater drainage systems may consist of natural streams, channels, vegetated
swales, open ditches, closed conduits or a combination of methods to convey
stormwater. Drainage facilities shall be constructed in accordance with the City of
East Lansing’s “Engineering Department Development Standards”. Other standards
may apply depending on location of the outlet.

3. FLOOD CONTROL
a) Introduction
The intent of the flood control criteria is to provide for public safety; minimize on-site
and downstream flood impacts relating to streambank protection and stormwater
conveyance systems; maintain the boundaries of the mapped 100-year floodplain; and
protect the physical integrity of the on-site stormwater controls and the downstream
stormwater conveyance and flood control facilities.
As such, flood control analyses and designs must take into consideration the effects
from the on-site development or redevelopment. Designs should be based on all three
of the following storm events based on the frequencies established under the City of
East Lansing’s policies and ordinances while at the same time taking into
consideration the ability of the downstream facilities to safely transport the
stormwater discharge:
•
•
•

Streambank protection- maintain post-development site runoff volume and peak
flow rate at or below existing levels for all storms up to the 2-year 24-hour storm
event.
Stormwater conveyance:
Onsite conveyance systems - the 10-year 24-hour storm event.
Downstream conveyance system- determined on a site specific basis.
Flood control - the 100-year 24-hour storm event.

Discharge rates more stringent than those derived from any of the three established
criteria may be imposed if downstream conditions such as limited capacity for
enclosed conveyance pipes, limitations on flows to those used in the FEMA
modeling, or other specific restrictions are identified.
Flood control must therefore be provided that accounts for on-site conveyance as well
as downstream conditions.
b) On-Site Conveyance
The “Conveyance” storm event is used to design standard levels of flood protection
for streets, sidewalks, structures and properties within the development. This is
typically handled by a combination of conveyance systems including street and
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roadway gutters, inlets and drains, storm drain pipe systems, culverts, and open
channels. Other storm water controls may affect the design of these systems.
The design storms used to size the various on-site conveyance systems will be no less
than a 10-year 24-hour storm event but they may vary depending upon their location
and function. For example, open channels, culverts, and street rights-of-way may be
designed for larger events (25 to 100 year storm events). It is recommended that once
the initial set of controls for the 10-year or 25-year storm event are selected during
the site plan design, that the full build-out 100-year 24-hour storm be routed through
the on-site conveyance system and storm water controls to determine the effects on
the on-site system , adjacent property, and downstream areas. Even though the
conveyance systems may be designed for smaller storm events, overall the site should
be designed appropriately to safely pass the resulting flows from the full build-out
100-year storm event with no flood waters entering habitable structures.
On-site flood control has many considerations for the safeguarding of people and
property. On residential streets, for the conveyance storm event, the safe passage of
vehicular traffic is an important concern. For the 100-year storm events, traffic may
be limited in order to utilize all or a portion of the right-of-way for storm water
conveyance in order to protect properties. As such, the effective management of
storm water throughout a development for the full range of storm events is needed.
c) Downstream Flood Control
The downstream assessment is the first step in the process to determine if a specific
development will have a flooding impact on downstream properties, structures,
bridges, roadways, or other facilities. This assessment should be conducted
downstream of a development to the point where the discharge from the proposed
development no longer has a significant impact upon the receiving stream or storm
drainage system. Hydrologic and hydraulic evaluations must be conducted to
determine if there are areas of concerns such as an increase of the Base Flood
Elevations. The City of East Lansing can assist the developer in obtaining records
and maps related to the National Flood Insurance Program and the availability of
Flood Insurance Studies and Flood Insurance rate Maps (FIRMs) which will be
helpful in this assessment.
The downstream flood control criterion is based on an analysis of the streambank
protection and conveyance storm event as well as the 100-year storm event. Initially
the assessment will determine if the downstream receiving system has adequate
capacity in its full build-out floodplain. To make this determination the runoff which
the stream can handle without having an impact on downstream properties, structures,
bridges, roadways, or other facilities, must be determined. There are four options by
which a community can address control. These options closely follow the same
options for streambank protection:
• Determine acceptable downstream conditions.
• Provide adequate downstream conveyance systems.
• Install storm water controls to maintain existing downstream conditions.
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•

In lieu of downstream assessment, maintain existing on-site runoff conditions.

Under no circumstances shall the proposed site development diminish the storage
capacity in the 100-year floodplain. Compensatory storage due to a proposed site
development will be required for all lost floodplain storage on a 2 to 1 replacement
ratio.
d) General Design Standards for Flood Control
Prior to beginning the design of the on-site stormwater facilities, the developer must
contact the City of East Lansing Engineering Department to determine if any
downstream restrictions have been identified that would further restrict the discharge
of stormwater from the developer’s site.
Stormwater management systems designed to satisfy the flood control performance
standards described herein, must include a detention system or retention basin that is
designated and constructed in accordance with the City of East Lansing’s Post
Construction Stormwater Management Guidance Manual and the Engineering
Department Development Standards.

4. GROUNDWATER RECHARGE
a) Introduction
There are currently no stormwater recharge requirements issued under the NPDES
Phase II Stormwater Permit. However, recharge and infiltration are highly
recommended tools for addressing permanent stormwater management goals.
Recharge and infiltration are strongly encouraged from the very beginning of a site
design. In addition, recharge and infiltration are encouraged as a means for earning
stormwater credits as discussed in Section J Stormwater Credits in the Policy and
Procedures Manual.
Reductions in groundwater recharge due to development of impervious surfaces can
adversely impact streams, wetlands, and other water bodies by reducing the volume
and rate of base flow to them. Reductions in groundwater recharge to aquifers can
also adversely impact the yield of water supply wells. The potentially adverse impacts
of land development on groundwater recharge have long been recognized. Land
development activities that either cover permeable soils with impervious surfaces or
reduce the soils’ permeability through disturbance or compaction will reduce the rate
of groundwater recharge that occurs under developed site conditions.
Under natural conditions, the amount of recharge that occurs at a site is a function of
slope, soil type, vegetative cover, precipitation and evapotranspiration. Sites with
natural ground cover, such as forests and meadows, typically exhibit higher recharge
rates, less runoff and greater transpiration losses than sites dominated by impervious
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cover. Since development increases impervious cover, a net decrease in recharge rates
is inevitable.
Recharge can be achieved through a combination of natural recharge over the
developed site’s pervious surfaces and artificial recharge through groundwater
recharge BMPs constructed at the site. Ideally, the planning and design of the
proposed site will have incorporated nonstructural measures to such an extent that the
need for structural facilities is reduced to a practical minimum.
b) Fundamentals of Recharge
Groundwater recharge is defined as precipitation that infiltrates into the soil and is not
evapotranspired. Instead, the infiltrated precipitation moves downward to a depth
below the root zone of the surface vegetation, where it cannot be removed by that
vegetation through uptake and evapotranspiration. At such a depth, it is considered
available to enter the soil’s saturated zone and become groundwater.
The potential for natural groundwater recharge begins with precipitation (rain, snow,
hail, sleet). Some of the precipitation never seeps into the soil, but instead leaves the
system as surface runoff. The water that seeps into the soil is infiltration. Part of the
water that does infiltrate is returned to the atmosphere through evapotranspiration.
Evapotranspiration refers to water that is returned to the atmosphere from vegetated
areas by evaporation from the soil and plant surfaces and soil water that is taken up
by plant roots and transpired through plant leaves or needles. Infiltrated water that is
not returned to the atmosphere by evapotranspiration moves vertically downward and,
upon reaching the saturated zone, becomes ground water. This ground water could be
in a geologic material that is either an aquifer or non-aquifer, depending on whether it
can yield satisfactory quantities to wells.
c) Exceptions
Infiltration and recharge of polluted stormwater runoff is not always desirable or even
possible at some development sites. Therefore, recharge and/or infiltration requirements
need to reflect special site conditions, protect ground water quality, and avoid common
nuisance issues. For example:
•
•
•
•
•

Some form of special pre-treatment of stormwater runoff may be required prior to
infiltration for some land cover types and pollution source areas (e.g. Parking
lots).
Recharge should be restricted or prohibited at specific industrial, commercial and
transport-related operations designated as potential stormwater hotspots.
Recharge may be prohibited or otherwise restricted within the vicinity of ground
water aquifers, wellhead protection areas, individual wells, structures and basins.
Recharge should be discouraged within certain geological zones such as active
bedrock, and adjacent to steep or unstable slopes.
Recharge may be reduced or waived for minor redevelopment projects that have
previously compacted soil structures.
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d) BMPs
Infiltration facilities and infiltration devices are often designed to capture and treat
storm water runoff from smaller rain events, which are managed for water quality
purposes. They function to reduce runoff at its source, since the diverted first flush is
not discharged to surface water but is stored until it is gradually removed by
infiltration and evaporation. Through these mechanisms, infiltration can remove
pollutants, provide groundwater recharge, and help reduce the volume of runoff
leaving a site. Infiltration devices are generally incorporated as one component of an
overall storm water system that utilizes other management approaches as well.
Many devices are very effective for removing fine sediments and their associated
pollutants. However, coarse sediments and oil will clog infiltration systems, and must
be removed prior to entering them. Clogging of infiltration devices is a primary
reason for failure, causing many to fail during the first few years of operation. The
use of erosion control measures, sedimentation basins and grass filter strips to pretreat runoff is essential, as is a very aggressive maintenance program. In addition,
studies have shown that many infiltration facilities fail or do not work as designed
due to poor initial site selection. Therefore, soil suitability and the contributing
drainage area must be carefully assessed. The potential for groundwater
contamination must also be seriously considered prior to implementation.
The following is a listing of structural and nonstructural BMPs that help address
groundwater recharge:
Structural BMPs
Infiltration Trench
Infiltration Basin
Surface Sand Filter
Organic Filter
Bioretention
Grass Swale
Dry Swale

Non-Structural BMPs
Disconnection Rooftop Runoff
Disconnection of Non-Rooftop Runoff
Sheet Flow Runoff to Stream Buffer
Use of Open Vegetated Swales
Environmentally Sensitive Rural
Development

Recharge and/or infiltration are strongly recommended as part of an effective
stormwater strategy to protect trout streams and other sensitive receiving waters, as
discussed in Section B of this manual.
e) Stormwater Credits
Recharge and/or infiltration criteria help promote more on-site infiltration/filtration of
stormwater runoff and enables communities to offer stormwater credits. Recharge
credits provide real incentives to apply better site design techniques at development
sites that can reduce the size and cost of stormwater BMPs needed at some sites. To
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maximize recharge, designers should explore how to use pervious areas for
infiltration early in the site layout process.
The recharge volume is considered to be part of the total water quality volume
provided at a site and is not an additional requirement. Recharge can be achieved
either by a structural BMP (e.g., infiltration, bioretention, filter, etc.), better site
design techniques, or a combination of both. Stormwater credits are discussed in
further detail in Section J “Stormwater Credits” in the Policy and Procedures Manual.

5. WATER QUALITY:
a) Introduction
As development occurs and land uses change, new or additional pollutants may be
contributed to storm water runoff. The impervious surfaces that typically accompany
development also provide for efficient delivery of these pollutants into receiving
waterways. Leaves, litter, human and animal wastes, exposed soil from construction
sites, fertilizer and pesticides are all washed off the land. Vehicles and deteriorating
urban surfaces deposit trace metals, oil, and grease onto streets and parking lots.
These and other toxic substances are conveyed through creeks, ditches and storm
drains into our rivers and lakes.
In short, the ecology of urban streams may be completely reshaped by the extreme
shifts in hydrology, morphology and water quality that can accompany the
development process. The stresses that these changes place on the aquatic
community, although gradual and often not immediately visible, are profound.
b) Water Quality Criteria
As noted, MDEQ’s 2015 NPDES Permit established the minimum post-construction
requirements which a community must adhere to. Included were the following
guidelines for the “minimum treatment volume standard”:
a) Water Quality Treatment Performance Standard
Treat the first one (1) inch of runoff from the entire site. BMPs shall
be designed on a site-specific basis to achieve a minimum of 80
percent removal of total suspended solids (TSS) as compared with
uncontrolled runoff or a discharge concentration of TSS not to exceed
80 milligrams per liter (mg/l).

Hydrologic studies show that small-sized, frequently occurring storms account for the
majority of rainfall events that generate stormwater runoff. Consequently, the runoff
from these storms also accounts for a major portion of the annual pollutant loadings.
Therefore, by treating these frequently occurring smaller rainfall events and a portion
of the stormwater runoff from larger events, it is possible to effectively mitigate the
water quality impacts from a developed area.
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A water quality treatment volume (WQV) is specified to size structural control
facilities to treat these small storms up to a maximum runoff depth and the "first
flush" of all larger storm events. The maximum depth as determined by one of the
three allowable options noted above is considered the point of optimization between
pollutant removal ability and cost-effectiveness. Capturing and treating a larger
percentage of the annual stormwater runoff would provide only a small increase in
additional pollutant removal, but would considerably increase the required size (and
cost) of the structural stormwater controls.
Early studies in Florida determined that the first flush generally carries 90 percent of
the pollution from a storm (Novotny, 1995). As a result, treatment of the first half
inch of runoff was adopted as a water quality volume sizing criterion requirement
throughout much of the United States. More recent research has shown that pollutant
removal achieved using the half-inch rule drops off considerably as site
imperviousness increases.
For the City of East Lansing, the Water Quality Treatment Volume is based on one
inch of runoff from the entire site. The City did not previously justify the use of the
one-half inch runoff criteria as part of its formal Watershed Management Planning
process. The one inch runoff option is also more conservative than the 90 percentile
annual non-excedance storm event option. The City has provided for the ability to
reduce the one-inch runoff amount through the application of non-structural
stormwater credits (see Section J. Stormwater Credits in the Policy & Procedures
Manual).
c) TSS Reduction
The MDEQ requirements followed the philosophy of removing pollutants to the
“maximum extent practicable” through the use of a percentage removal or effluent
limit performance goal. The MDEQ criteria requires treatment of the WQV from a
site to reduce post-development total suspended solids (TSS) loadings by 80%, as
measured on an average annual basis or to a discharge concentration of not more than
80 mg/l. This performance goal is based upon U.S. EPA guidance and has been
adopted nationwide by many local and statewide agencies.
TSS was chosen as the representative stormwater pollutant for measuring treatment
effectiveness for several reasons:
• The use of TSS as an “indicator” pollutant is well established.
• Sediment and turbidity, as well as other pollutants of concern that adhere to
suspended solids, are a major source of water quality impairment due to urban
development in the watersheds.
• A large fraction of many other pollutants of concern are either removed along
with TSS, or at rates proportional to the TSS removal.
• The 80% TSS removal level is reasonably attainable using well-designed
structural stormwater controls (for typical ranges of TSS concentration found
in stormwater runoff).
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TSS is a good indicator for many stormwater pollutants. However, the removal
performance for pollutants that are soluble or that cannot be removed by settling will
vary depending on the structural control practice. For pollutants of specific concern,
individual analyses of specific pollutant sources and the appropriate removal
mechanisms should be performed.
d) City of East Lansing Design Requirements
1) Minimum Treatment Volume- The developer must provide for the capture and
treatment of the first one inch of runoff from the entire site.
2) TSS Reduction- The developer will certify that the design of their facility will
achieve a minimum of 80% removal of TSS as compared with uncontrolled
runoff, or that the discharge concentrations of TSS do not exceed 80 mg/l. As
such, if the TSS reduction cannot be met through the capture and detention of
the one inch runoff, additional methods must be provided. This may include
increasing the minimum treatment volume; adding structural treatment
devices (e.g. Stormceptor, etc…); or other methods approved by the City
Engineer.
e) Exceptions
The water quality flow (WQF) is the peak flow rate associated with the water quality
design storm or WQV. Although most of the stormwater treatment practices in this
Manual should be sized based on WQV, some treatment practices such as grass
drainage channels and proprietary treatment devices (designed to treat higher flow
rates, thereby requiring less water quality storage volume) are more appropriately
designed based on peak flow rate. In this approach, a stormwater treatment facility
must have a flow rate capacity equal to or greater than the WQF in order to treat the
entire water quality volume.
f) Water Resource Protection
Designing a storm water management system to address water resources protection
requires an understanding of the type of pollutants expected to be generated from the
site during and after construction. With that understanding, the system and the
maintenance plan that accompanies it must incorporate appropriate Best Management
Practices (BMPs) that address TSS as well as other anticipated pollutants specific to
each site.
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B. SPECIAL CRITERIA FOR
SENSITIVE RECEIVING WATERS
1. BACKGROUND:
Part 4. Water Quality Standards as promulgated pursuant to Part 31 of Michigan’s Natural
Resources and Environmental Protection Act, 1994 PA 451 establishes water quality
requirements applicable to all surface waters of the state. These requirements were enacted
to protect the public health and welfare, to enhance and maintain the quality of water, to
protect the state’s natural resources, and to serve the purposes of Public Law 92-500 and the
Great Lakes water quality agreement. These standards place specific requirements on certain
waters of the state such as public water supplies, cold-water fisheries, wetlands and other
sensitive water resources.
For the purposes of this manual, “Sensitive Receiving Waters” refer to those water sources
which may require special protection from new or increased stormwater discharges.
Stormwater discharges into sensitive waters may either need to be eliminated or their effects
lessened through pre-treatment or other methods of abatement in order to protect living
organisms and maintain a healthy ecosystem.
We have identified five categories of sensitive receiving waters in this manual:
a) Sensitive Groundwater Sites- For our purposes, sensitive groundwater conditions
must be considered where stormwater discharges from development and
redevelopment sites occur either adjacent to a State regulated water supply or within
the City of East Lansing’s established wellhead protection area.
b) Sensitive Surface Water Sites- For our purposes, sensitive surface water conditions
must be considered where stormwater discharges from development or
redevelopment sites may directly impact surface waters that are designated for full
body or partial body contact- specifically the Red Cedar River.
c) Trout Streams or Other Cold Water Designated Areas- The City of East Lansing
does not have any trout stream or other cold water designated areas at this time.
However, this section is included to draw attention to low impact and
environmentally friendly methods for abating the affects of temperature on the
ecosystem in all water bodies.
d) Wetlands- This category is primarily concerned with the protection and preservation
of natural wetlands and the use of constructed wetlands.
e) Waters Subject to Site Based Pollutant Load Reduction-The City of East Lansing
is not currently subject to TMDLs or other MDEQ regulations. However, TMDLs
are expected within the foreseeable future.
Protecting critical areas during construction and after development is extremely difficult and
costly. It is best to avoid construction in critical areas and plan development around them. In
this way the watershed is more easily protected at a much lower cost. Some examples for
protecting sensitive areas are to incorporate the following concepts into the site selection
process:
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a) Avoid construction in and adjacent to natural drainageways. Construction in natural
drainageways destroys natural vegetation and often results in channelized streams.
b) Avoid developing on steep slopes. Generally, the steeper the slope, the greater the soil
erosion potential. This is because the effect of gravity and reduced friction between
soil particles on steep slopes means it takes less energy for water to dislodge and
transport soil particles.
c) Maintain and protect dense vegetation and buffer/filter strips. Leaving a dense
vegetative cover adjacent to surface waters is the most important factor in preventing
erosion. Disturbance of areas with a well established dense vegetative cover will
yield the greatest change or impact in terms of erosion.
d) Preserve porous soils. Site planning should include avoiding development on highly
porous soil areas. This will make porous soils available for infiltration and
`significantly reduce the land area that must be committed to detention facilities
required to control peak discharges.
e) Avoid disturbing erodible soils. When denuded of vegetation during construction,
areas with easily eroded soils can yield great volumes of transported soils. If site
planning can be done to avoid disturbing erodible soils, large erosion and
sedimentation problems will also be avoided.
f) Preserve and "more wisely" use the natural drainage system. Keep pavement and
other impervious surfaces out of low areas such as swales and valleys. This means
keeping the roads and parking areas high in the landscape and along ridges wherever
possible. Unfortunately, most existing development standards and approaches
implicitly encourage developing roads and parking areas in low areas. However, this
traditionally accepted practice does, in fact, cause nonpoint and point pollution
problems.
Treatment Train Concept:
In addressing the practice of protecting sensitive receiving streams, all BMPs should be
chosen using the "treatment train" concept. A treatment train is a series of BMPs used in
conjunction with one another to cumulatively treat runoff. Each BMP is chosen for its ability
to remove or limit specific pollutants, and/or its ability to help regulate changes in hydrology.
An example of a treatment train is parking lot runoff which outlets through a riprapped
outlet, to a wet detention pond, which discharges to an infiltration basin. The riprapped
outlet decreases the velocity of the water. The wet detention pond allows for settling of
particles and biological uptake of nutrients. The infiltration basin removes some of the finest
particles and provides infiltration.

2. SENSITIVE GROUNDWATER PROTECTION SITES
a) Introduction
Sensitive groundwater protection areas within the City of East Lansing include (1.)
any development or redevelopment site adjacent to a state regulated water supply or
(2.) any development or redevelopment site located within the City of East Lansing’s
designated wellhead protection area. Groundwater is a critical water resource, as all
residents within the City and the Greater Lansing Area depend on groundwater as
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their source of drinking water.
Protection of the groundwater resources must however, be balanced against another
primary water resources goal of the City of East Lansing, the ability to maintain
ground water recharge. The health of many aquatic systems depends on steady
recharge to maintain surface water bodies throughout the year. For example, during
periods of dry weather, ground water sustains flows in streams and helps to maintain
the hydrology of wetlands. Thus, it is imperative that the need for recharge and the
need to protect our source of drinking water must both be kept in mind when
reviewing stormwater discharges from development and redevelopment sites.
Because development creates impervious surfaces that prevent natural recharge, a net
decrease in ground water recharge rates can be expected in urban watersheds. Thus,
during prolonged periods of dry weather, stream flow sharply diminishes. In smaller
headwater streams, the decline in stream flow can cause a perennial stream to become
seasonally dry.
Urban land uses and activities can also degrade groundwater quality if stormwater
runoff is directed into the soil without adequate treatment. Certain land uses and
activities are known to produce higher loads of metals and toxic chemicals and are
designated as potential stormwater hotspots (see Section C in this manual). Soluble
pollutants, such as chloride, nitrate, copper, dissolved solids and some hydrocarbons
can migrate into ground water and potentially contaminate wells. Stormwater runoff
should never be infiltrated into the soil from sites designated as a potential
stormwater hotspot (PSH).
It is critical that stormwater BMPs be designed to remove pollutants from stormwater
that is to be infiltrated in close proximity to public or private water supply wells, and
be sufficiently isolated from groundwater supply sources.
b) Development & Redevelopment in Proximity to State Regulated Water Supplies
In Michigan the MDEQ has regulatory oversight for all public water supplies,
including approximately 1,500 community water supplies and 11,000 non-community
water supplies. The Michigan Safe Drinking Water Act, Public Act 399, enables the
MDEQ to maintain direct control over the public drinking water program within the
state. In addition, Part 127 (Water Supply and Sewer Systems) of the Public Health
Code, Public Act 368 regulates construction standards for water wells. Michigan has
more households (1.12 million) served by private wells than any other state, with
approximately 25,000 domestic wells drilled per year.
Water supply wells generally pump water from either of two types of aquifers: (1.)
unconsolidated aquifers or (2.) consolidated rock or fractured-bedrock aquifers.
Unconsolidated aquifers are composed of sands, silts and gravel. They are generally
unconfined and close to the surface, have high porosity and a high measure of
permeability. Water moves into and through unconsolidated aquifers readily.
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Fractured-bedrock aquifers are the most widespread and commonly exploited
aquifers. They may be bedrock layers composed of sandstone, shale, or carbonate
rocks such as limestone and dolomite but they can also be layered or irregular bodies
of crystalline rocks such as gneiss, schist, granite and diabase.
Groundwater in bedrock aquifers can occur in either unconfined or confined
conditions.
Fractured-bedrock aquifers have low primary porosity and ground water is mainly
stored in openings between rock layers and in fractures throughout the rock. Water
moves into and through these aquifers much more slowly than in unconsolidated
aquifers. Exceptions occur in limestone and dolomite where dissolution of the rock
increases the size and frequency of the fractures and therefore increases secondary
porosity and permeability.
Any well that is constructed provides a direct connection between the surface area
adjacent to the well and the aquifer from which the well is drawing. As such, the well
itself provides a potential conduit that could allow stormwater discharges or other
sources of unwanted pollutants to be injected directly within the aquifer if the proper
precautions for isolation and protection as prescribed by MDEQ are not met.
c) Development & Redevelopment in Wellhead Protection Areas
1) Michigan’ s Wellhead Protection Program: The purpose of Michigan's
Wellhead Protection Program (WHPP) is to protect public water supply
systems (PWSS), which use ground water, from potential sources of
contamination. Protection is provided by identifying the area which
contributes ground water to PWSS wells, identifying sources of contamination
within the area, and developing methods to cooperatively manage the area and
minimize the threat to the PWSS.
Michigan's WHPP was developed in response to the 1986 amendments to the
federal Safe Drinking Water Act (SDWA). Unlike many programs
throughout the country, wellhead protection is a voluntary program which is
implemented on a local level through the coordination of activities by local,
county, regional, and state agencies. Guidelines for the program were
developed jointly by the MDEQ. Although the program is voluntary, PWSSs
who choose to participate in wellhead protection must develop a local WHPP
consistent with the guidelines established by the state. Local WHPPs must
specifically address seven elements which include the establishment of roles
and duties, wellhead protection area (WHPA) delineation, identification of
sources of contamination within the WHPA, the development of mechanisms
to manage the WHPA and minimize threats to the PWSS, the development of
contingency plans for water supply emergencies, identification of procedures
for the development of new well sites and incorporate them into the local
WHPP, and provide opportunities for public participation. Various state and
local regulations are integrated into the local WHPP and provide legal
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authority for a broad range of activities which help to support local wellhead
protection efforts.
2) Wellhead Protection Area Delineation: The federal SDWA defines a wellhead
protection area as "... the surface and subsurface area surrounding a water well
or well field, supplying a public water system, through which contaminants
are reasonably likely to move toward and reach such water well or well field".
In simpler terms, it is that area which contributes ground water to a PWSS
well. Michigan’s WHPP requires a hydrogeologic study to identify the
contributing area. The area contributing ground water to a well may extend
for miles. Therefore, Michigan's WHPP is based upon a ground water timeof-travel (TOT) of 10 years. The 10 year TOT provides a reasonable length of
time for responding to environmental problems within the WHPA while
concurrently providing an area which can be reasonably managed.
3) Potential Sources of Contamination: Michigan's WHPP requires the
identification of sources of contamination within the WHPA. As a minimum,
known and potential sites of environmental contamination should be included
on a contaminant inventory list. Known sites of environmental contamination
may include leaking underground storage tanks, Superfund sites, 201 sites of
Act 451, sites of environmental contamination, and oil and gas contamination
sites. Known sites which represent a potential for contamination include
registered underground storage tanks, hazardous waste generators and ground
water discharges.
Land use associated with agricultural operations, commercial facilities,
manufacturing and industrial facilities, institutional facilities, and utility
companies may also be considered potential sources of contamination.
Abandoned wells left improperly sealed provide a direct conduit into the
groundwater system through which contaminants may migrate and should be
considered as potential sources of contamination. In order to effectively
manage a WHPA and accomplish wellhead protection, it is essential that
threats to the PWSS are known.
4) Wellhead Protection Area Management: The goal of WHPA management is
to provide mechanisms which will prevent existing and potential sources of
contamination from reaching the public water supply well or well field.
Communities are encouraged to develop management strategies which may be
unique to their situation and specific to the contaminant source inventory
developed for the WHPA. Management approaches may entail a broad range
of activities including facility inspections, land-use regulations, operational
policies, best management practices, public information and education.
Management strategies should serve to generate support and attention to the
WHPA for local, county, state, and federal regulatory activities. The
strategies should attempt to minimize (eliminate if possible) land use activities
which pose a significant threat to the PWSS, motivate landowners within the
WHPA to take appropriate steps to reduce threats to the PWSS, and provide
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education to residents, businesses, and industries located within the WHPA to
emphasize their role in making wellhead protection work.
An important aspect of wellhead protection is the general acceptance of the
concept by community leaders and the development of land use and land
protection measures which support wellhead protection. One means of
providing for intelligent land use development is the incorporation of the
wellhead protection concept and the WHPA into a community's Master Plan.
Incorporation in the Master Plan aids community leaders in recognizing the
extent of the WHPA and the need to set goals and objectives for community
development which serve to protect the PWSS. This approach provides a
mechanism for the effective use of local regulations in support of wellhead
protection. Such support may come through the development of community
wide zoning provisions, the development of a local site plan review process,
or development of local standards for operation and maintenance of facilities
located in the WHPA.
5) City of East Lansing’s Wellhead Protection Plan: The City of East Lansing
has had an approved Wellhead Protection Plan since 2001. The plan was
updated in 2010 to reflect the new 10 year time of travel wellhead delineation
area as determined by USGS. The City’s WHPP includes a management plan
that incorporates the site development and redevelopment criteria noted in this
manual.
d) Selection of BMPs in Areas Adjacent to State Regulated Wells and Wellhead
Protection Areas
1) Infiltration: Prior to installing BMPs that utilize infiltration and ultimately
recharge of the aquifer, two issues must be considered: (1.) is the infiltration
BMP located beyond the required isolation distances required by MDEQ for
the particular type of well, and (2.) what is the quality of the stormwater
discharge.
The MDEQ established minimum isolation distances around State regulated
wells as regulated under Public Acts 368 and 399. These minimum isolation
distances vary in accordance with the potential contamination threat posed by
the site’s usage.
The site plan process should also consider the quality of the stormwater
discharge. In particular, the presence of potentially harmful pollutants being
stored or produced on site should be noted, especially in areas adjacent to
State regulated wells or within the wellhead protection area. Depending on
the potential for any pollutants to be discharged with the stormwater discharge
from the site, specific requirements as noted in Section C – Pollution Source
Control/Hotspots may be required. In those areas, the use of infiltration type
BMPs may be prohibited, pretreatment prior to infiltration may be required, or
other appropriate mitigation efforts may be required.
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2) Pretreatment before infiltration: One of the most effective ways to pre-treat
stormwater for infiltration is to pass the stormwater through a layer of
compost or a compost/soil mixture before allowing it to infiltrate into the
ground. Compost is meant to be decomposed or composted organic material,
not mulch. EPA and others report that organic materials in the compost and
compost/soil mixtures have demonstrated pollutant removal rates of over 90
percent for sediments, metals, bacteria and petroleum hydrocarbons, and as
high as 75 percent for total phosphorous. Pollutant removal effectiveness
increases with the amount of compost/soil mixture the stormwater has to pass
through. Compost or soil/compost mixtures are not effective in removing
chlorides such as those found in deicing salt.
Use compost or compost/soil mixtures in vegetated swales, bio-retention
areas, and infiltration trenches and basins so that stormwater must first pass
through 18 to 36 inches of compost or a compost/soil mixture before
percolating into the ground. The type of vegetation planted in the compost or
compost/soil layer should be selected, in part, for its ability to replenish
organic matter through seasonal leaf fall, root die back etc. It is important to
maintain a high percentage of organic material in the soil because it is the
organic material (compost) that has the cation exchange capacity necessary to
capture pollutants in stormwater.

3. SURFACE WATER AND SURFACE WATER
CORRIDOR PROTECTION
This section covers: (a) protection of surface waters that are utilized as sources of municipal
water supplies or designated as special protection waters; and (b) the protection of any open
surface water corridor including rivers, streams, drains, ditches, etc.
a) Surface Water Supplies and Special Protection Waters
Surface water supplies for municipal potable water usage must adhere to the specific
requirements established by MDEQ. There are no municipal water supply intakes
from surface waters located anywhere within the City of East Lansing. However, it is
likely that the Red Cedar River, and possibly larger drains, may be a source for
irrigation.
Special protection waters as defined by MDEQ (i.e. high quality and exceptional
value waters) must adhere to all of the antidegradation requirements established by
MDEQ. In general, a developer must insure that any post-construction stormwater
discharge will not degrade the physical, chemical or biological characteristics of those
receiving waters.
Within the City of East Lansing, these requirements are limited to the discharges
within the Red Cedar Watershed. The waters within the Red Cedar River are
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classified as full body and partial body contact thus meeting the definition of a special
protection water.
As such, any development or redevelopment project discharging stormwater to the
Red Cedar Watershed should be designed to: (1.) minimize the amount of impervious
area on site, (2.) where appropriate the stormwater discharge from the site should be
infiltrated to the maximum extent possible, (3.) water quantity and water quality
treatment BMPs should be employed for all stormwater that is discharged, (4.)
stormwater BMPs should be planned so that where possible, the stormwater discharge
is spread out to a number of locations rather than conveyed and concentrated in just a
few places, and finally, (5.) the volume and rate of any stormwater discharge must be
managed to prevent the physical degradation of the receiving water.
b) Stream Corridor Protection
Structural and non-structural methods should be used to the maximum extent possible
in order to avoid destabilization and the resulting sedimentation of receiving rivers,
streams, and open drains.
Details for specific structural BMPs and which ones are most effective in protecting
channels and channel corridors are discussed extensively in Section D.
As noted previously, protecting critical areas such as channels and channel corridors
during construction and after development is extremely difficult and costly. It is best
to avoid construction in critical areas and plan development around them. In this way
the watershed is more easily protected at a much lower cost.
One of the simplest means of protecting channels and their corridors is to avoid
construction in and adjacent to natural drainageways. Construction in natural
drainageways destroys natural vegetation and often results in channelized streams.
Once natural vegetation in drainageways is destroyed, it is very difficult to
reestablish. Since natural drainageways contribute large amounts of water directly to
receiving lakes or streams, once disturbed, they can become high-energy, highvolume conduits for moving pollutants to receiving waters. Site plans that call for
disturbing natural drainageways are unlikely to be able to meet the goal of keeping
the waterbody within pre-development hydrologic conditions. Therefore, it is
important to protect the existing vegetation to the maximum extent possible.
Another means of protecting channels and their corridors is to avoid developing on
steep slopes. Generally the steeper the slope the greater the potential for soil erosion.
This is because the effects of gravity and reduced friction between soil particles on
steep slopes mean it takes less energy for water to dislodge and transport soil
particles. In addition, steep slopes also limit the area in which buildings can be
located. Good site planning avoids placing houses and roads on steep slopes (1:2
slopes or less).
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Maintaining and protecting dense vegetation and buffer/filter strips along a channel is
also extremely important in preserving the integrity of a channel and the corridor.
Leaving a dense vegetative cover adjacent to surface waters is the most important
factor in preventing erosion. Disturbance of areas with a well established dense
vegetative cover will yield the greatest change or impact in terms of erosion.
Wooded areas with understory are the most runoff-absorbent types of cover in the
landscape. Destruction of such vegetation adds significant expense to the
construction budget for clearing, and destroys the aesthetic and economic attributes of
the site. A good site plan preserves large areas of existing dense vegetation.
Where existing channels are destabilized even before development is proposed, it
may be necessary to look at upstream areas to see if development upstream is adding
to flow velocities in your part of the watershed. It may be necessary to work with
upstream users to control the sources of nonpoint pollution.

4. TROUT STREAM/THERMAL PROTECTION:
a) Introduction
The MDEQ has not designated any of the receiving waters within the City of East
Lansing as protected trout streams. However, as our understanding of aquatic
ecology has advanced, the detrimental effects of thermally polluted stormwater runoff
on the organisms living in streams and rivers are also becoming better understood.
As such, the guidelines established in this section on trout stream protection should be
considered in protecting any stream or river with a diverse and active aquatic
ecosystem.
b) Trout Streams
Trout populations are threatened by stream habitat degradation, stream warming,
possible chloride toxicity, and other impacts associated with upland development.
Trout are very sensitive to increases in water temperature. Stream warming also
harms trout by reducing dissolved oxygen available for fish and aquatic life.
Increased temperatures can also increase the metabolic rates of aquatic organisms and
increase their sensitivity to other pollutants, parasites, and diseases.
The reduction in streamside forest cover removes much of the mechanisms that keep
a stream cool. The heating of impervious surfaces by solar radiation also warms
precipitation that runs over them and potentially into a stream.
Sedimentation is also a major concern for trout. Construction runoff, channel erosion
and road sand and debris all increase sediment loads, which can impair streambed
habitat in trout streams. Excess sediment can affect the productivity of a trout stream
in several ways. Sediment can impede trout respiration by clogging gill plates. In
addition, sediment deposition can destroy spawning habitat and harm the benthic
macroinvertebrate organisms upon which the trout feed.
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Road salt may also significantly impact trout habitat. Chloride is one of the main
components of road salt, and is extremely soluble in water. As a result, there is
virtually no way to remove chloride once it gets into either surface or ground water.
Chloride levels are the highest in late winter as initial melting occurs from snow
containing significant amounts of road salt and stream flows are lowest. The chloride
from the salt can be toxic in trout streams during some meltwater events.
c) Thermal Considerations
The increase of impervious surfaces in urban areas is a major source of thermal
pollution in cold climates and threatens the health of cold-water ecosystems.
Research shows that the average stream temperature increases directly with the
percentage of impervious cover in the watershed. Impervious areas absorb energy
from the sun, which causes them to become warmer. As water runs over these areas,
it absorbs some of that heat energy and is warmed, causing thermal pollution in lakes,
rivers, and streams. Impervious areas also compound the problem by reducing
infiltration, which in turn increases the volume of runoff that is created, leading to
higher permanent stream temperatures in the summer months.
Stream water temperature is a major limiting factor for cold-water fisheries, as all
biological activity is related to temperature. Temperature is a characteristic of water
quality and is very important in chemical and biochemical processes, particularly
those which involve biochemical activity. Higher stream temperatures result in lower
dissolved oxygen (DO) concentrations and may cause biochemical oxygen demand
(BOD) to increase. Temperature increases in streams can also result in behavioral
changes of fish and macro invertebrate communities (aquatic insects), as these species
have specific water temperature preferences and tolerance limits.
Over time, the cumulative impact of individual development sites will increase water
temperature, permanently affecting habitat in the stream, see Figure B.1. By
mitigating runoff and water temperature impacts, the stream community will benefit
not only from maintained stream temperature, but also from a decline in the amount
of sediment, nutrients, and pollution that reaches receiving waters.
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Figure B.1
The natural ripairan buffer has been removed from this stream, reducing shade and
increasing the temperature of the stream. Many native organisms cannot tolerate these
higher temperatures.

d) Effects of On-Site Conveyance
The way in which stormwater runoff is transported can have a substantial impact on
its temperature. Conveyance through a paved channel has the potential to further
increase runoff temperatures and should be avoided when possible. By transporting
runoff through a buried pipe, stormwater runoff can be cooled substantially through
indirect contact with the surrounding soil, which is cooler than the ambient air or soil
near the surface. For example, monitoring results showed that runoff traveling
through 550 feet of buried corrugated metal pipe to a stormwater wetland could be
cooled by more than 10°F.
Although buried pipes may reduce runoff temperatures, they won’t reduce other
pollutant loads or runoff flows, which have a crucial impact on water quality. Also,
the benefits of cooling stormwater runoff in a pipe before it reaches a wetland or wet
pond may be irrelevant if the water already in these systems is warm. Incorporating
conveyance in a buried pipe after water has been treated by a stormwater wetland or
wet pond can be used to cool BMP effluent, but only if the effluent is aerated before
being discharged into a coldwater stream environment.
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e) Recharge as a Means to Maintain Baseflow
Recharge is water that infiltrates into the ground, usually from above, that replenishes
groundwater reserves, maintains baseflow to streams, provides soil moisture, and
affords evapotranspiration (water uptake and use by plants).
Base flow refers to the water that enters streams by flowing through the groundwater
system, rather than directly over the surface of the land. Because water moves much
more slowly through the ground than over the surface of the land, groundwater feeds
streams gradually rather than in big pulses after storms. As a result, during prolonged
periods of little to no rain, it is this base flow that keeps streams running.
It is highly recommended that all excess runoff volumes produced from storm events
should be infiltrated in order to maintain baseflow for designated trout streams, where
soils conditions permit. Use this method as one option to meet mandated temperature
control for designated trout streams.
f) BMP Design Recommendations to Mitigate Heated Runoff
Appropriate BMPs for Mitigating Thermal Pollution:
Infiltration Basins

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

Sand Filters

Can be a good treatment option for cold water streams. Surface
sand filters are typically not designed with a permanent pool,
although there is ponding in the sedimentation chamber and
above the sand filter. Designers may consider shortening the
detention time in cold water watersheds. Underground and
perimeter sand filter designs have little potential for warming
because these practices are not exposed to the sun.

Grassed Channels

These practices do not pond water for a long period of time and
often induce infiltration. As a result, standing water will not
typically be subjected to warming by the sun in these practices.

Bioretention Area

A good option in cold water streams because water ponds in
them for only a short time, decreasing the potential for stream
warming.

Porous Pavement

Stormwater flows across and ponds on the surface of
conventional pavements resulting in the heating of the
discharge. By rapidly infiltrating rainfall, porous pavements
reduce the time that stormwater discharges are exposed to the
sun and heat.
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Outlet Structure

An outlet structure can be very effective if it draws water from
the bottom of the deep pool at the wetland’s outlet, if water can
be aerated before discharging into a stream, and if the outflow
rates can be limited early in a storm.

Vegetation

Keeping water well shaded using broadleaf vegetation with a
separation between the leaves and water surface.

BMPs That Are Not Appropriate for Mitigating Thermal Pollution:
Dry Extended
Retention Basins

Overall dry extended detention ponds can increase stream
temperatures. In order to minimize this affect, the detention
time would need to be reduced which may result in not meeting
other stormwater quantity or quality requirements.

Wet Detention Ponds Wet weather ponds will likely cause stream warming because
of the heating of the water in the permanent pool. A study in
Prince George’s County, Maryland, found that stormwater
ponds heat stormwater by about 9°F from the inlet to the outlet.
Constructed Wetlands When water remains in the permanent pools within a
constructed stormwater wetland, it is heated by the sun. In the
Prince George’s study on an extended detention wetland, the
average temperature of the storm water runoff flowing through
the wetland increased by about 3°F.

5. WETLAND PROTECTION:
a) Introduction
Wetlands provide many water quality functions such as nutrient retention, filtration,
and the storage and delay of flood and runoff waters. Wetlands also serve as habitat
for fish and wildlife. Approximately 30% of Michigan’s threatened and endangered
plants, and approximately 60% of the 65 threatened and endangered animals, are
wetland species. It is therefore vital to protect them.
In watersheds with a lot of development pressures and/or sensitive wetland
communities, a major objective should be to protect wetlands from upstream storm
water impacts. Because sensitive wetlands are affected by even small changes in
inundation and water quality, special stormwater criteria may be needed when
working near a wetland or within its contributing drainage area (CDA). The
stormwater management strategies that have typically been used to protect wetlands
range from merely requiring pretreatment of the discharges into the wetland to
excluding 100% of all new discharges into a wetland.
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Natural wetlands and optimal sites for new stormwater treatment practices are
unfortunately often located very close together at many development sites. As a
result, developers are inclined to utilize natural wetlands for stormwater retention and
treatment. This results in using a natural wetland to detain or retain stormwater,
which increases the depth of temporary or permanent ponding in the wetland. Over
time, the altered hydrology transforms a natural wetland into a stormwater wetland,
with the attendant loss of wetland biological diversity and functional value. Thus,
these guidelines attempt to ensure a balance between the need for stormwater
treatment versus natural wetland protection.
b) Wetland Degradation
Human activities can cause wetland degradation and loss by changing water quality,
quantity, and flow rates; increasing pollutant inputs; and changing species composition
as a result of disturbance and the introduction of nonnative species.
Common human activities that cause degradation include the following:
•

Hydrologic Alterations. A wetland’s characteristics evolve when hydrologic
conditions cause the water table to saturate or inundate the soil for a certain
amount of time each year. Any change in hydrology can significantly alter the
soil chemistry and plant and animal communities. Common hydrologic
alterations in wetland areas include: deposition of fill material due to
development; drainage due to development, farming, and mosquito control;
dredging and stream channelization for navigation, development, and flood
control; diking and damming to form ponds and lakes; diversion of flow to or
from wetlands; and the addition of impervious surfaces in the watershed, thereby
increasing water and pollutant runoff into wetlands.

•

Pollution Inputs. Although wetlands are capable of absorbing pollutants from the
surface water, there is a limit to their capacity to do so. The primary pollutants
causing wetland degradation are sediment, fertilizer, human sewage, animal
waste, road salts, pesticides, heavy metals, and selenium. Pollutants can originate
from many sources, including: runoff from urban, agricultural, silvicultural, and
mining areas; old landfills and dumps that leak toxic substances; and marinas,
where boats increase turbidity and release pollutants.

•

Vegetation Damage. Wetland plants are susceptible to degradation if subjected to
hydrological changes and pollution inputs. Other activities that can impair
wetland vegetation include: grazing by domestic animals; the introduction of
nonnative plants that compete with natives; and the removal of vegetation for peat
mining.
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c) Protection of Natural Wetlands
This section governs “natural wetlands” (as distinct from stormwater wetland systems
that are constructed expressly for stormwater management purposes). When a natural
wetland is incorporated into the overall stormwater management scheme, the
following general stipulations should be adhered to:
1. Wetlands must be protected from the damaging modifications and adverse
changes in runoff quality and quantity associated with land developments. Before
approval of the final site plan, all necessary wetland permits from the MDEQ and
City of East Lansing must be in place.
2. Direct discharge of untreated stormwater to a natural wetland is prohibited. All
runoff from the development must be pre-treated to remove sediment and other
pollutants prior to discharge to a wetland. Such treatment facilities will be
constructed before property grading begins. All basins must be cleaned and
stabilized prior to final acceptance.
3. Site drainage patterns will not be altered in any way that will modify existing
water levels in protected wetlands without proof that all applicable permits from
the MDEQ and/or City of East Lansing have been obtained.
4. A qualified professional with specific wetland expertise will oversee wetland
construction, reconstruction, or modification.
5. Whenever possible, a permanent buffer strip, vegetated with native plant species,
will be maintained or restored around the periphery of wetlands.
6. Wetlands will be protected during construction by appropriate soil erosion and
sediment control measures.
The requirement that stormwater discharges must not cause erosion in wetlands
means that there must be no wearing away of the soil or land surface in excess of
natural conditions. To prevent erosion and sedimentation, BMPs and associated pipes
and other conveyances must be properly designed and installed in accordance with
the requirements of this manual. The use of level spreaders or other techniques at the
point of discharge is required to minimize erosion. For projects subject to jurisdiction
under the Wetlands Protection Act, the applicant shall demonstrate to the issuing
authority that the discharge velocities will not cause erosion or scouring at the point
of discharge or downstream. Discharge velocities from BMPs should take into
account factors such as soils, slope and the type of receiving resource.
d) Constructed Stormwater Wetlands
“Stormwater wetlands” are defined as constructed systems explicitly designed to
mitigate the stormwater quality and quantity impacts associated with development.
They do so by temporarily storing stormwater runoff in shallow pools that create
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growing conditions suitable for emergent and riparian wetland plants. The runoff
storage, complex micro-topography and emergent plants in the stormwater facilities
that couple basins and constructed wetlands together form an ideal system for the
removal of urban pollutants. Because of their water quality benefits, the use of
stormwater wetlands is encouraged. The following general stipulations should be
adhered to in designing a constructed stormwater wetland system:
1. As a general rule, stormwater wetlands may not be located within delineated
natural wetland areas, nor within created wetlands that are used to mitigate the
loss of natural wetlands.
2. The design of an effective and diverse stormwater wetland requires a
sophisticated understanding of hydrology and wetland plant ecology. Therefore, a
qualified professional with specific wetland expertise must oversee wetland
construction, re-construction or modification.
3. Stormwater wetland systems must be designed to perform in conformance with all
standards for storage volume and discharge rate established throughout this
manual.
4. The developer will provide for the monitoring of wetland plantings and
replacement as needed for a two-year period after construction or provide a bond
to cover expenses until permanent perennial vegetation is established.
5. Planting plans will include species diversity and use of indigenous species.
The basic goal is to create an artificial wetland that evolves over time to achieve to
the maximum extent possible the same functions and benefits of a natural wetland.
This can be an elusive goal—since a storm water wetland receives much greater
runoff and pollutant inputs.
Effective constructed stormwater wetland systems are forested in nature. Newly
constructed stormwater wetland designs seek to replicate wooded wetlands using tree
mounds within the wetland to increase forest cover. These innovative approaches to
stormwater wetland design are illustrated in Figure B.2 and B.3. Figure B.4
illustrates numerous ways to enhance wildlife habitat in stormwater wetlands.
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Figure B.2
Wooded wetlands (Source: Cappellia et al., 2005)
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Figure B.3
Tree Mound (Source: Cappellia et al., 2005)
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Figure B.4
Techniques for enchancing wildlife habitat in stormwater wetlands (Source: Scheueler, 1992)

e)

Incorporation of Wetland Features into other BMPs and Landscaping
Wetland features can be incorporated into other BMPs and site landscaping to
increase the pollutant removal performance, habitat value, and appearance of these
practices. Prominent examples include:
• The aquatic bench and safety benches of wet ponds
• The bottom of wet swales
• Around the fringes of basins
• The center of bioretention areas that lack underdrains
Wetland features can also be incorporated into landscaping features at a site.
Traditionally, landscaping and storm water management have been treated separately
in site planning. In recent years, engineers and landscape architects have discovered
that integrating storm water into landscaping features can improve the function and
quality of both. The basic concept is to adjust the planting area to accept storm water
runoff from adjacent impervious areas and utilize wetland plant species adapted to the
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modified inundation regime (Table B.1).
Table B.1 Environmental Factors to Consider when Integrating Stormwater and
Landscaping
Duration and depth of inundation
Invasive plants
Frequency of inundation
Pollutants and toxins
Available moisture during dry weather Soil Compaction
Sediment loading
Susceptibility to erosion
Salt exposure
Browsers (deer and beaver)
Nutrient loading
Slope
f) Pretreatment of Flow Prior to Entering Wetlands
Under the requirements of the City of East Lansing’s Post Construction stormwater
Management Guidance Manual developers are required to treat a specified volume of
storm water runoff in order to remove pollutants. This volume is known as the water
quality volume and captures and treats runoff from a one-inch storm event (See
Section A of this manual). Research indicates that pretreatment facilities sized in this
manner can remove about 80% of the sediment load and 50% of the phosphorus load
in urban storm water runoff annually.
This required water quality volume should be fully treated before any storm water is
discharged to a down-gradient wetland within the watershed. While this level of
water quality treatment is sufficient for most wetlands, it is inadequate to protect
nutrient-sensitive natural wetlands including bogs and calcareous fens. The City of
East Lansing may, on a site by site basis, choose to require a higher level of storm
water treatment for these sensitive natural wetlands. This may include requiring that
no net increase in phosphorus loading be permitted in the discharge for the portion of
the development site within the wetland’s CDA.
In order to protect wetlands from the indirect impacts of storm water runoff, the City
of East Lansing may require the developer to conduct additional field investigations
and testing of any wetlands present at a development site to determine their
sensitivity, delineate the CDA, and evaluate the affects of additional runoff that will
be delivered to the wetland as a result of the proposed project. This will allow
decisions to be easily made regarding the use of special sizing criteria to protect
sensitive wetlands.
g) Selection of BMPs to Protect Wetlands
Section D of this manual gives specific details on the selection, design, and
construction of various BMPs. The selection and design of BMPs applied in the
CDA is very important in protecting sensitive wetlands. Some BMPs work better
than others, and all can incorporate design features to enhance their effectiveness in
protecting wetlands. The primary storm water management strategy within the CDA
is to maximize the amount of infiltration and filtering across the site.

City of East Lansing- Stormwater Design Manual

32

In general, infiltration and bioretention practices are recommended to protect
sensitive wetlands. Wet ponds, sand filters, and storm water wetlands may also be
used, although great care must be taken when siting and designing them because these
BMPs do not significantly reduce runoff volumes generated at the development site.
Dry detention ponds are generally not recommended as a wetland protection practice
since they only have a mediocre capability to remove pollutants or reduce runoff
volumes. Indeed, the discharge from a detention pond directly to a wetland is likely
to alter the wetland’s hydroperiod. A combination of Low Impact Development
(LID) techniques and BMPs is often needed to protect sensitive wetlands, and should
be based on their current functions, water budget, and future changes in storm water
inputs. General guidance on the use of specific BMPs to protect wetlands is provided
below:
1) Infiltration practices:
Infiltration practices capture and temporarily store runoff and allow it to
infiltrate into the ground over a period of days. Infiltration practices are the
ideal BMP since they are the only practices that maintain the predevelopment
runoff volume at a development site. Infiltration practices, however, are often
limited by soil conditions, such as permeability and depth to water table.
Often, the presence of wetlands at a site signals that local conditions may not
be suitable for infiltration. If soil testing indicates that infiltration is infeasible,
bioretention should be considered the preferred practice to use in the CDA.
2) Bioretention practices:
Bioretention practices are shallow landscaped depressions that capture runoff
and filter it though a prepared soil mix. Runoff is typically collected in an
underdrain system and returned to the storm drain system. Bioretention
practices are highly recommended if soils are unsuitable for infiltration.
Recent research indicates that several bioretention designs have high pollutant
removal rates and help reduce runoff volumes through evapotranspiration, and
in some cases, partial or full infiltration into the subsoil. Bioretention
practices treat runoff near its source and can also be an attractive landscape
feature.
3) Wet ponds and sand filters:
Wet ponds and sand filters may also be appropriate practices to consider
within the CDA of a wetland. Both types of practices receive high marks for
pollutant reduction, but only produce minor changes in runoff volumes.
Designers should be extremely careful in fingerprinting these practices around
wetlands, and keeping them outside of the wetland buffer. Most importantly,
designers should ensure that storm water discharges from both practices do
not alter the hydroperiod of any sensitive wetland located downstream.
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6. SITE BASED POLLUTANT LOAD REDUCTION
The NPDES Phase II Stormwater Permit provides for certain communities to address specific
pollutant loading requirements, particularly total maximum daily loads (TMDLs), where they
have already been established by MDEQ. TMDLs are being established throughout the state
and are anticipated to be issued for the Greater Lansing area within the permit cycle starting
October 2017.
Once TMDLs are established, the actual loading allowed to any water of the state from a
development or redevelopment site may actually require that lesser amounts of individual
pollutants than existed prior to development of the site may need to be stipulated. Thus, the
treatment requirements associated with development and redevelopment may escalate.
The surface waters of the state are, however, already protected from pollutant loadings
through the state’s existing regulations- in particular the Part 4. Water Quality Standards and
its Antidegradation rule.
Part 4. Water Quality Standards promulgated pursuant to Part 31 of the Natural Resources
and Environmental Act establishes water quality requirements applicable to all surface
waters of the state. Often times the water quality of certain surface waters of the state may
not meet standards as a result of natural causes or conditions unrelated to human influence.
However, where surface waters of the state may have been degraded due to past human
activities and attainment of standards in the near future is not economically or technically
achievable, these water quality standards shall be used to improve water quality. These
standards are the minimum water quality requirements by which the surface waters of the
state shall be managed.
These standards include specific limits for plant nutrients (particularly phosphorous),
microorganisms (especially E. Coli), dissolved oxygen, and temperature.
The antidegradation rules are a result of federal and state requirements associated with any
NPDES permit action that is anticipated to result in a new or increased loading of pollutants
to the surface waters of the state. Under the antidegradation rules, the level of water quality
necessary to protect existing uses shall be maintained and protected.
As a result of the existing and forthcoming rules, it is important that when considering the
stormwater discharge from a new development or redevelopment site to consider whether
such development may result in the increase of individual pollutants from the site.
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C. SPECIAL CRITERIA FOR TRICKY
DEVELOPMENT SITUATIONS
1. Ultra-Urban Settings:
a) Introduction
Federal, state, and local agencies responsible for watershed management and
pollution control programs are increasingly becoming aware of the significant effects
that urbanization has on the natural balance between stormwater runoff and the
ecosystem of wetland and stream systems. Land use changes from agricultural to
urban (urbanization) result in the conversion of pervious spaces, such as vegetated
and open forested areas, to increased areas of impervious surface, resulting in
increased runoff volumes and pollutant loadings.
As urbanization occurs, the quantity of stormwater runoff within the surrounding
watershed increases. This is due largely to the reduction in the amount of pervious
spaces available to infiltrate rainwater and snowmelt. The greatly increased runoff
volumes and the subsequent erosion and sediment loadings to surface waters that
accompany these changes are of concern. Hydrologic and hydraulic changes result
from site clearing, grading, and the addition of impervious surfaces and maintained
landscapes. Hydrological changes to the watershed are directly related to an
increased amount of impervious surface. Roads, parking lots, sidewalks, rooftops,
and other impervious surfaces decrease the infiltrative capacity of the ground and
result in changes to peak runoff frequency, time to peak, runoff volume, and runoff
velocity, disturbing the receiving stream channel and wetlands. Stream channels
respond by either increasing their cross-sectional area to accommodate the higher
flows or down-cutting the channel. This channel instability begins a cycle of
streambank erosion and habitat degradation, and may increase the frequency and
severity of flooding.
In response to the detrimental ecological stresses that urbanization places on a
watershed, BMPs have been developed to reduce water quantity impacts and water
quality constituents normally associated with stormwater runoff from urbanization.
The "ultra-urban" environment has been used to describe metropolitan areas of the
country where space for stormwater BMP implementation is limited. These heavily
urbanized areas present special challenges to those responsible for stormwater
management. Stormwater management in these ultra-urban areas may necessitate
retrofits to existing stormwater control and conveyance systems.
b) THE ULTRA-URBAN ENVIRONMENT
Ultra-urban areas are characterized by high densities of paved surfaces or buildings
that result in a high degree of imperviousness. Buildings, parking facilities, urban
streets, highways, or walkways cover a majority of the land area, with imperviousness
typically greater than 50 percent in ultra-urban areas, and up to 100 percent in some
cases. These impervious surfaces can provide an effective environment to collect and
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accumulate constituents from atmospheric deposition, vehicular traffic, or other
sources. Figure C.1 illustrates these changes in runoff resulting from increased
impervious area. High runoff conditions efficiently transport many undesirable water
quality constituents. Several factors have been identified as major influences on the
types of constituents and their concentrations in urban runoff. Among these are sitespecific characteristics, such as land use practices. Ultra-urban areas typically
contain higher population densities. These areas exhibit high levels of trash and
debris, which tend to clog stormwater control structures and pollute receiving
streams. In addition, the pets of the people living in ultra-urban areas are a potential
concern since they deposit fecal matter in the urban environment. This fecal matter is
washed off during storm events and contributes pathogenic bacteria to stormwater
runoff.
Figure C.1 Changes in runoff flow resulting from increased impervious area
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Traffic characteristics are another major influence on constituent loadings in
stormwater runoff. Though mass transit methods such as subways are frequently
implemented in ultra-urban areas, automobile usage is typically very high. Traffic
densities are highest in urban areas, due to commuter traffic and people traveling to
commercial/business areas for personal business. Increased automobile usage
contributes to the constituent loadings deposited in the urban environment.
Identifying these constituent sources aids in characterizing the runoff from ultraurban areas. This information helps to determine the most effective technologies for
removing constituents from stormwater runoff, one key element in determining the
type of BMP necessary to achieve water quality benefits. Fish and aquatic life
concerns may also be relevant to BMP selection in some areas. Lack of oxygen and
high temperatures are inter-related and very important for aquatic life. For fish and
other aquatic life, temperature can be one of the most significant pollutants and
presents difficult challenges in ultra-urban areas.
c) Pollutants of Concern
Several factors affect overall constituent loadings in street runoff. Street runoff is
strongly influenced by emissions and leaks from vehicular traffic. Streets are usually
directly connected to stormwater drainage systems by curb and gutter. Curb and
gutter systems are not very effective at trapping and retaining fine particles that are
deposited in them. Often these particles are washed into storm drains. See
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Transportation Corridors below for more information on specific pollutants of
concern.
Disconnecting impervious surfaces and directing runoff from impervious surfaces to
pervious surfaces can provide the opportunity for infiltration of stormwater runoff,
reducing both stormwater quantity and constituent loading to the receiving stream.
Unfortunately, there are limited opportunities for directing stormwater runoff to
pervious surfaces in the ultra-urban environment since most of the land area is
already covered with impervious surfaces.
d) Water Quantity
The hydrologic effects of development can cause a multitude of problems, including
significant flooding potentially endangering life and property. In the ultra-urban
environment, stormwater runoff must be routed efficiently and effectively to
minimize flooding. Therefore, when considering BMP alternatives for a specific site,
both water quantity and water quality issues are taken into consideration.
Efficient collection and routing of stormwater runoff in ultra-urban areas are essential
to minimize localized flooding and provide efficient drainage to properties. Increased
impervious surfaces within ultra-urban areas can lead to increases in storm runoff
volumes, higher runoff velocity and reduced areas for infiltration of runoff. For
example, approximately 55 percent of the rain that falls each year in forested basins
in King County, Washington, eventually appears as streamflow. For an impervious
basin, approximately 85 to 90 percent of annual rainfall eventually appears as
streamflow.
In some cases BMPs can be used to mitigate the downstream effects of increased
peak flows in receiving waters. For example, detention facilities can help maintain
the rate and/or duration of flows at predevelopment levels. The basic concept of a
detention facility is to collect water from developed areas and release it at a slower
rate than the rate at which it enters the system. The difference between the inflow
and outflow is then temporarily stored in a pond or vault. Due to space limitations in
the ultra-urban environment, BMPs should be designed to provide multiple benefits
including water quality and quantity.
e) Water Quality
Water Quality requirements of the NPDES Phase II Stormwater Permit have been
addressed by the City of East Lansing by the capture and treatment of the first one
inch of runoff from the entire site (see Section A of this manual).
Suitable areas for structural treatment systems are often unavailable in heavily
urbanized areas. In those instances when on-site water quality or water quantity
requirements cannot be met due to constraints of the site, provisions have been made
to allow the requirements to be addressed off-site. These off-site provisions are
discussed in detail in Section I “Offsets” of the Policy & Procedures Manual.
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f) Ultra Urban BMPs
Examples of applicable ultra-urban BMP’s include bioretention facilities, vegetated
swales, and porous pavement. For more information on proper BMP selection, see
Section D of this manual.

2. TRANSPORATION CORRIDORS:
a) Introduction
Past practice for stormwater management on transportation corridors has been to
remove stormwater from the roadway as swiftly as possible to ensure public safety
and the integrity of the road system. This presents a challenge to incorporating LID
practices.
Public agencies with NPDES Stormwater Phase II Permits are required to comply
with the conditions of the permit for applicable road construction projects. This
means that for road construction projects that disturb one acre or more, and are
considered either development or redevelopment the limits adopted by the City of
East Lansing to meet water quality and water quantity requirements under the permit
must also be met.
A road will be considered under “redevelopment” if it either expands the size of the
roadway by one acre or more or modifies the drainage system of an existing roadway
in the course of reconstruction. Normal road reconstruction, even if the road is
completely removed and replaced, will not be considered redevelopment unless one
of the 2 conditions above is met.
b) Transportation Corridors
Stormwater runoff from roads and large parking lots is a significant source of
stormwater pollutants, as well as a significant source of thermal pollution to receiving
waterways. The chemical constituents of roadway runoff are highly variable. The
Federal Highway Administration identifies a number of roadway runoff pollutants
and possible sources (Table C.1). Compared to other land uses and impervious
surfaces, roadway runoff tends to have higher levels of sediment and suspended
solids, which must be considered when selecting BMPs. In addition, roadway runoff
may also contain salts, deicing materials, and metals that can affect both receiving
waters and vegetation and must be considered in BMP selection. In addition to the
water quality issues associated with roadway runoff, temperature impacts can also
affect water quality. Roadway systems can deliver large amounts of warm or cold
water directly and rapidly to receiving streams and wetlands, resulting in significant
temperature impacts for aquatic species. Studies have shown that the runoff from
summer storm events may exceed 90 degrees F, and winter runoff may be 37 degrees
F colder than the receiving stream ambient temperature. Temperature fluctuations
can have profound impacts on the aquatic systems of a receiving stream, and
significantly alter and reduce the aquatic diversity.
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Table C.1 Constituents and Sources in Highway Runoff
Constituent

Source

Particulates Pavement wear, vehicles, atmospheric deposition, maintenance
activities
Nitrogen,
Atmospheric deposition and fertilizer application
Phosphorus
Lead

Leaded gasoline from auto exhausts and tire wear

Zinc

Tire wear, motor oil, and grease

Iron

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

Copper

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

Cadmium

Tire wear and insecticide application

Chromium

Metal plating, moving engine parts, and brake lining wear

Nickel

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

Manganese

Moving engine parts

Cyanide

Anti-caking compounds used to keep deicing salts granular

Sodium,
Calcium,
Chloride

Deicing salts

Sulphates

Roadway beds, fuel, and deicing salts

Petroleum

Spill, leaks, antifreeze and hydraulic fluids, and asphalt surface
leachate

c) Pollutants of Concern
The characteristics of highway runoff have been the focus of several studies.
Stormwater runoff from roadways and impervious surfaces in heavily developed
areas has been shown to contain significant levels of constituents such as street litter,
animal and bird waste, atmospheric deposition, and inputs from urban road runoff.
Among the constituents found in highway runoff are particulates, chromium, copper,
cadmium, lead, nickel, nitrogen and phosphorus, zinc, manganese, petroleum
hydrocarbons, and rubber. A list of these constituents and their primary sources is
included in Table C.1.
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Major sources of constituents on highways are vehicles and atmospheric deposition.
Vehicles generate water quality constituents on highways both directly and indirectly.
Vehicles contribute constituents directly from normal operation and wear of frictional
parts. Cars and other vehicles were suggested as the source of over 50 percent of the
total load to the Lower San Francisco Bay of three metals—copper, cadmium, and
zinc. Reportedly, tire wear could account for at least half of the total cadmium and
zinc loads deposited in the bay each year, with the copper load being linked to brake
pad wear. Metals that are strongly linked to cars, such as cadmium and copper, are
found to have higher concentrations in runoff from streets and parking lots and
minimal concentrations in roof and lawn runoff. Fish are very sensitive to metals
such as copper. Vehicles can also pick up and carry solids from parking lots, urban
roadways, construction sites, farms, and dirt roads and deposit them onto urban
streets. Through this indirect mechanism, vehicles can contribute solids and
associated water quality constituents to highway surfaces. The results of several
studies characterizing highway runoff constituent concentrations are presented in
Table C.2.
Several factors affect overall constituent loadings in street runoff. Street runoff is
strongly influenced by emissions and leaks from vehicular traffic. Streets are usually
directly connected to stormwater drainage systems by curb and gutter. Curb and
gutter systems are not very effective at trapping and retaining fine particles that are
deposited in them. Often these particles are washed into storm drains.
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Table C.2 Constituents of Highway Runoff
Concentration1

Parameter
Total Suspended Solids (TSS)

45-798

Volatile Suspended Solids (VSS)

4.3-79

Total Organic Carbon (TOC)

24-77

Chemical Oxygen Demand (COD)

14.7-272

Biochemical Oxygen Demand (BOD)

12.7-37

Nitrate Nitrite (NO 3 +NO 2 )

0.15-1.636

Total Kjeldahl Nitrogen (TKN)

0.335-55.0

Total Phosphorus as P

0.113-0.998

Copper (Cu)

0.022-7.033

Lead (Pb)

0.073-1.78

Zinc (Zn)

0.056-0.929

Fecal coliform (organisms/100 ml)

50-590

Ranges of average values reported in the literature (Barrett et al., 1995).
1
mg/L unless otherwise indicated.
In one study, streets were identified as a significant source of urban constituents in
residential, commercial, and industrial areas. The study collected over 300 runoff
samples from 46 micro-sites in two watersheds, sampled runoff from lawns,
driveways, rooftops (residential and flat industrial), commercial and industrial
parking lots, and a series of street surfaces (feeder, collector, and arterial). Streets
produced some of the highest concentrations of phosphorus, suspended solids,
bacteria, and several metals. Parking lot areas had moderately high concentrations of
all constituents.
Other studies have found the concentrations of some of the metals and nutrients
showed a significant correlation with that of TSS. These results suggest that
controlling TSS may result in reducing other constituents with the same particle sizes.
The event mean concentration (EMC) values of total phosphorus (TP), total Kjeldahl
nitrogen (TKN), total organic carbon (TOC), lead (Pb), and zinc (Zn) are related to
the values of TSS EMC. This correlation indicates that these constituents may be
removed along with the particulates by filtration technologies such as sand filters.
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The impact on the environment from the use of road salt or other deicing agents is
another issue to address when characterizing runoff from streets and highways.
Although sodium chloride, typically used as the primary chemical deicer in northern
states, is an inexpensive and effective choice, concerns have been raised about the
potential negative impacts (from chloride) on the environment, human health,
roadway infrastructure, and vehicles. The Michigan Department of Transportation
identified some of these impacts in a recent study and those potential impacts of road
salt are listed below.
•
•
•
•
•
•
•
•
•

Contamination of drinking water supplies.
Corrosion of automobiles.
Corrosion of bridges and other infrastructure.
Damage to vegetation within 15.2m (50 ft) of roadside.
Temporary reduction in soil microbes, followed by summer recovery.
Sensitivity of various deciduous trees.
Attraction of deer to salts on roadways, increasing the risk of accidents.
Stratification of small lakes, hindering seasonal turnover.
Secondary components (3 to 5 percent of road salt composition) include
nitrogen, phosphorus, and metals in concentrations exceeding those in natural
waters.

d) Management of Stormwater Quantity
The hydrologic effects of development can cause a multitude of problems, including
significant flooding potentially endangering life and property. Often times in a
transportation corridor, stormwater runoff must be routed efficiently and effectively
to minimize flooding. Therefore, when considering BMP alternatives for a specific
site, both water quantity and water quality issues are taken into consideration.
Efficient collection and routing of stormwater runoff in transportation corridors is
essential to minimize localized flooding and provide efficient drainage to properties.
Increased impervious surfaces within these areas can lead to increases in storm runoff
volumes, higher runoff velocity and reduced areas for infiltration of runoff. For
example, approximately 55 percent of the rain that falls each year in forested basins
in King County, Washington, eventually appears as streamflow. For an impervious
basin, approximately 85 to 90 percent of annual rainfall eventually appears as
streamflow.
In some cases BMPs can be used to mitigate the downstream effects of increased
peak flows in receiving waters. For example, detention facilities can help maintain
the rate and/or duration of flows at predevelopment levels. The basic concept of a
detention facility is to collect water from developed areas and release it at a slower
rate than the rate at which it enters the system. The difference between the inflow
and outflow is then temporarily stored in a pond or vault. Due to space limitations in
an ultra-urban environment, BMPs are frequently designed to provide multiple
benefits. Whenever possible, BMPs provide both water quantity and water quality
benefits.
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e) Management of Stormwater Quality
As development occurs and land uses change, new or additional pollutants may be
contributed to storm water runoff. The impervious surfaces that typically accompany
development also provide for efficient delivery of these pollutants into receiving
waterways. Leaves, litter, human and animal wastes, exposed soil from construction
sites, fertilizer and pesticides are all washed off the land. Vehicles and deteriorating
urban surfaces deposit trace metals, oil, and grease onto streets and parking lots.
These and other toxic substances are conveyed through creeks, ditches and storm
drains into our rivers and lakes.
In short, the ecology of urban streams may be completely reshaped by the extreme
shifts in hydrology, morphology and water quality that can accompany the
development process. The stresses that these changes place on the aquatic
community, although gradual and often not immediately visible, are profound.
Designing a stormwater management system to address water resources protection
requires an understanding of the type of pollutants expected to be generated from the
site during and after construction. With that understanding, the system and the
maintenance plan that accompanies it must incorporate appropriate Best management
Practices that address TSS as well as other anticipated pollutants specific to each site.
f) Transportation Corridor BMP Technologies
Not all transportation elements offer the same opportunities for LID. In general, the
greater the traffic volume and mix of vehicles using the roadway, the fewer measures
can be accommodated within the right-of way (ROW). However, locations such as
park-and-ride lots and recreational pathways can use numerous LID BMPs with few
constraints.
While many of the LID measures discussed in this manual are appropriate for use in
managing roadway runoff, these measures should be designed and implemented with
consideration of the nature of runoff from road surfaces. Specifically the high levels
of total suspended solids. Roadway runoff has higher levels of suspended solids
compared to many other urban land uses. Roadway runoff should not be discharged
directly to many BMPs, specifically infiltration systems without measures to reduce
sediment loads. The following pretreatment BMPs can be used to reduce sediment
loads:
LID Manual for Michigan – Chapter 8 Page 338
1) Vegetated systems such as grassed swales and filter strips.
2) Structural elements such as catch basin inserts, filters, and manufactured
treatment units.
3) Maintenance measures such as street sweeping and vacuuming.
Proper design of vegetative BMPs. Vegetative BMPs such as grassed swales and
filter strips can be highly effective in reducing pollutant loads from roadways, but
must be properly designed in terms of slope, flow velocity, flow length, and
vegetative cover (Section D provides detailed design information on vegetative
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BMPs. Vegetated BMPs are most effective for water quality treatment when the
vegetation growth is lush and not frequently cut. Concerns with the increase of
friction losses, through completely vegetated swales can be addressed with proper
plant selection. Typically, there is a direct relationship between height and thickness
of vegetation and friction losses in vegetated swales. The higher the friction losses in
a watercourse the higher the water depth at a given flow. For appropriate herbaceous
plant species with flexible stems (such as Fowl Manna Grass, Bottlebrush Sedge,
Brown Fox Sedge, etc.), flows that result in water depths just above plant
submergence will actually result in the plants laying down in the flow and
significantly decreasing friction losses for high flows. Improperly designed or
maintained systems may increase rather than reduce pollutant load.
Consider the issue of spills. It is cost prohibitive to design for spill containment on all
sections of roadway, but the designer should consider the potential for spills and the
necessary action should a spill occur. Subsurface systems, infiltration systems, or
vegetative systems may have to be replaced should a spill occur. While this may
seem to be a limiting factor in the use of such systems, many existing storm sewers
from roadways discharge directly to receiving streams with no opportunity to contain
or mitigate a spill before discharge to a receiving stream. Therefore, while BMP
restoration may be required after a spill, a stream discharge of a spill may be
prevented. Consider the materials that are carried in vehicles when selecting BMPs.
For example, some highways restrict certain hazardous materials so those highways
may be more apt to use infiltration BMPs vs. highways that allow all vehicles.
Deicing materials. Use of deicing materials and salts may affect vegetation, soil
conditions, and water quality. Consider the types of vegetation used in vegetative
BMPs, as chloride levels may adversely affect some vegetation as well as the soil
microbial community. Proximity to water supply sources should also be considered
when designing infiltration BMPs as well as the potential for groundwater chloride
levels to be impacted by roadway runoff. Disposing of snow removed from roadways
must also be considered. This snow may ultimately be deposited in BMP areas and
may contain higher concentrations of roadway salts and sediments.
Temperature impacts. The temperature impacts of runoff from roadways can
significantly affect receiving stream aquatic habitat. Roadways, especially asphalt
roadways, tend to absorb heat and lack cooling vegetation in the ROW that can help
cool runoff. Many existing storm sewers from roads discharge directly and
immediately to receiving waters. New discharges should mitigate temperature
impacts prior to discharge to the receiving water. This may involve:
1) Vegetated systems and buffers to replace sections of concrete swales or pipes
that impart heat to runoff. Multiple small drainage elements that use
vegetated swales for conveyance will help reduce the temperature impacts
from roadway runoff.
2) If extended detention systems, wet ponds, or constructed wetlands are used
for peak rate mitigation, the discharge from these systems could be further
mitigated by using vegetated swales or buffers, as these impoundments may
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also create adverse temperature impacts. The discharge from an extended
detention system could be conveyed via a vegetated swale, or dispersed
through a level spreader. Discharges should not be piped directly into
receiving streams or wetlands.
3) Extended detention systems should include design elements to reduce
temperature impacts. Recommended techniques include:
° Design system with minimal permanent pool.
° Preserve existing shade trees; plant trees along shoreline (where
feasible and still allowing for proper maintenance access).
° Avoid excessive riprap and concrete channels that impart heat to
runoff.
For more information on proper BMP selection, see Section D this manual.

3. POLLUTION CONTROL/HOTSPOTS:
a) Introduction
Stormwater “hotspots” are defined as land uses that generate higher than normal
concentrations of hydrocarbons, trace metals, or toxicants. These land uses include
manufacturing and commercial areas; high use vehicle parking lots; material storage
and handling; vehicle/equipment fueling, washing, maintenance and repair areas; and
deicing activities. Increased constituent loadings from these areas may generate
concerns about sediment toxicity, groundwater contamination, or toxicity discharging
into the receiving surface waters. More effective stormwater treatment may be
required in these areas. In addition, further regulatory requirements may be imposed
by state or local agencies in the form of pollution prevention plans.
b) Hotspot Pollutants
Reduction or the elimination of stormwater pollutants can be achieved by
implementing “operational source control BMPs” including good housekeeping,
employee training, spill prevention and cleanup, preventive maintenance, regular
inspections, and record keeping. These BMPs can be combined with impervious
containments and covers, i.e., “structural source control BMPs.” If operational and
structural source controls BMPs are not feasible or adequate, then stormwater
treatment BMPs will be necessary. Selecting cost-effective BMPs should be based on
an assessment of the pollutants and their sources
Identifying "hotspot" areas will also aid in determining the most effective BMP, in
terms of constituent removal capability, in addition to determining the most
appropriate location for the BMP. A list of potential stormwater hotspots is included
below:
•
•

Auto recycler facilities. Commercial nurseries.
Commercial parking lots.
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•
•
•
•
•
•
•
•
•
•

Fueling stations.
Fleet storage areas (bus, truck).
Industrial rooftops (depending on the roof surface).
Marinas.
Outdoor container storage of liquids.
Outdoor loading/unloading facilities.
Public works storage areas.
Vehicle service and maintenance areas.
Vehicle and equipment washing facilities
Significant Industrial Users per a regulated Industrial Pretreatment Program

c) Source Control of Pollutants from Hotspots
There are two categories of Source Control BMPs: operational and structural.
Operational Source Control BMPs are non-structural practices that prevent or reduce
pollutants from entering stormwater. Examples include formation of a pollution
prevention team, good housekeeping practices, preventive maintenance procedures,
spill prevention and cleanup, employee training, inspections of pollutant sources, and
record keeping. They can also include process changes, raw material/product
changes, and recycling wastes. Operational Source Control BMPs are considered the
most cost-effective pollutant minimization practices.
Structural Source Control BMPs are physical, structural, or mechanical devices or
facilities that are intended to prevent pollutants from entering stormwater. Examples
of Structural Source Control BMPs typically include:
1) Enclosing and/or covering the pollutant source (e.g. within a building
or other enclosure, a roof over storage and working areas, temporary
tarp, etc.).
2) Physically segregating the pollutant source to prevent run-on of
uncontaminated stormwater.
3) Devices that direct only contaminated stormwater to appropriate
treatment BMPs (e.g., discharge to a sanitary sewer if allowed by the
local sewer authority).
d) Source Control/Hotspot BMP Technologies
For information on proper BMP selection, see Section D of this manual.
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D. BEST MANAGEMENT PRACTICES
1. INTRODUCTION:
This section focuses on structural and non-structural Best Management Practices (BMPs) and
provides guidance on selecting the proper BMPs for a site. Specifically, this section:
•
•
•

Discusses the BMP selection process, including a matrix that compares the key
applications and functions of each BMP,
Provides overviews of each BMP in fact sheet form, and
Discusses detailed information for each BMP such as design considerations, benefits,
limitations, cold climate considerations, construction guidelines, stormwater
calculations, and maintenance and cost information.

This section also contains BMPs that may not traditionally be viewed as low impact
development, such as water quality devices or retention basins.

2. BMP SELECTION PROCESS:
The proper selection and implementation of Best Management Practices (BMPs) is
paramount to achieving specified stormwater management criteria. As such, the following
information is provided as a guide to the selection of a single BMP or an entire train of
BMPs.
Table D.1 is a matrix that provides a preliminary evaluation as to the effectiveness of each
structural BMP in meeting the following: application for various land uses; relative water
quantity and quality functions; relative cost; relative required maintenance effort; and relative
winter performance. This matrix is provided to help expedite the effort required to compare
and select appropriate BMPs during the preliminary design phase.
Following the table a series of individual detailed fact sheets for a variety of known BMPs
are provided. These include both Non Structural and Structural types of BMPs. Each fact
sheet is titled by its commonly recognized BMP name. A basic written description for the
BMP along with a representative photograph of it is provided. There is also an individual
matrix analysis for the BMP to help further determine its appropriateness before going
through the provided checklist of the site specific factors that must be considered for
effective implementation. At the end of each summary is a maintenance schedule and
checklist.
A comprehensive discussion of each BMP, including design and construction specifications
for each of the BMPs may be found in Chapters 6 and 7 of the Low Impact Development
(LID) Manual for Michigan. Once a BMP is chosen for further consideration, the detailed
information in the LID Manual should be reviewed and adapted to the specific site
conditions.
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Should use of a BMP not listed in the manual be desired, the designer will need to provide
sufficient documentation validating both effectiveness and proper implementation of the
BMP being proposed
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.

Table D.1 (Original table is from SEMCOG Manual Table 7.1)
BMP Summary Matrix

Potential Applications
Residential

Runoff Volume/ Infiltration

Industrial

Retro

Road

Rec

YES
YES
YES
YES3
YES

LIMITED
LIMITED2
LIMITED2
YES
LIMITED2

LIMITED
LIMITED
YES
YES3
YES

YES
YES
LIM
YES3
LIM

YES
YES
YES
LIM 3
LIM

YES
YES
YES
YES
NO

YES

YES

YES

YES

YES

LIM

NO

YES
YES
YES
YES
YES

YES
YES
YES
YES
YES

YES
YES
NO
LIMITED2
YES

YES
LIMITED
YES
YES
LIMITED

YES
YES
YES
YES
YES

YES
NO
YES
YES
NO

NO
NO
YES
NO
LIM

Vegetated Roof

LIMITED

YES

YES

YES

YES

N/A

YES

Capture Reuse

YES

YES

YES

YES

YES

NO

YES

Constructed Wetland
Wet Ponds/ Retention

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

YES

LIMITED
YES
YES

YES
YES
YES

YES
YES
YES

YES
YES
YES

YES
YES
YES

YES
YES
YES

YES
YES
YES

YES

YES

YES

YES

YES

YES

YES

B d
Infiltration Trench
Dry Well
Level Spreaders
Berming
Planter Box
infiltration

Volume/ Non-

Ultra Urban

i l
YES
YES
YES
YES
YES

Bioretention
Vegetated Filter Strip
Vegetated Swale
Pervious Pavement
Infiltration Basin
Subsurface Infiltration

infiltration

Runoff

Runoff Quality/ Non-

B i
Constructed Filters
Water Quality Devices
Underground Detention
Extended Detention/ Dry
P d
Riparian Buffer

Restoration

Commer-

YES

YES

YES

YES

YES

LIM

YES

R
i
Native Revegetation

YES

YES

LIMITED

YES

YES

LIM

YES

Soil Restoration

YES

YES

YES

YES

LIM

YES

YES

NOTES:
1. Reported as TN except as noted (NO3)
2. Difficult to apply due to space limitations typically associated with these land uses
3. Applicable with special design considerations.
4. This assumes TSS loads and their debris have been managed properly before entering the BMP to prevent clogging.
5. Requires infiltration planter box.
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Stormwater Quantity
Volu
MED/

F
i
GW
R h

MED/

HIGH

HIGH

LOW

LOW

LOW/
MED

LOW/MED

Stormwater Quality Functions
TSS

TP

MEDIUM

HIGH

MEDIUM

LOW
LOW/ME
D
MED/

MED/ HIGH

MED/ HIGH

HIGH4

HIGH

HIGH

HIGH

HIGH4

HIGH

HIGH

HIGH

HIGH4

UM
MEDI
UM
LOW
LOW/
MED
LOW/
MED
MED/
HIGH

Winter

NITROGEN1

Temp

MEDIUM

HIGH

R

HIGH

HIGH

Maint.

Perform.
Peak

HIGH

MEDI

Cost

HIGH

LOW/ME
D

HIGH

MEDIUM

LOW

LOW

HIGH4

HIGH4
LOW

MEDIUM

MEDIUM

MEDIUM

LOW

LOW/MED

HIGH

MED/

MED/HIGH

MED/

HIGH

(NO3)

HIGH

MEDIUM

MEDIUM

LOW/MED

LOW/MED

MEDIUM

LOW

HIGH

MEDIUM

HIGH

MEDIUM

MED (NO3)

HIGH

LOW/MED

LOW/MED

MED/HIGH

LOW

HIGH

HIGH

MEDIUM

HIGH

LOW/MED

HIGH

MEDIUM

LOW/MED

HIGH

LOW/MED

HIGH

MEDIUM

LOW/MED

HIGH

LOW (NO3)

LOW

LOW

LOW

HIGH

MEDIUM

MEDIUM

MEDIUM

LOW/MED

LOW/MED

MED/HIGH

LOW/
HIGH
MED/
HIGH
MED/
HIGH
MED/
HIGH
MED/
HIGH
MED/
HIGH
LOW

LOW/MED

MEDIUM

MED/ HIGH

MED5

MEDIUM

MEDIUM

LOW/ MED

LOW/MED

HIGH

MEDIUM

MEDIUM

MEDIUM

LOW6

MEDIUM

MEDIUM

MEDIUM

MEDIUM

HIGH

HIGH

MEDIUM

MEDIUM

MEDIUM

MEDIUM

HIGH

LOW/MED

MED/HIGH

Rain Bar relHIGH

LOW

LOW3

MED4

MEDIUM

MED (NO3)

MEDIUM

LOW Cister nMED

LOW

LOW

HIGH

HIGH

MEDIUM

MEDIUM

LOW/ MED

LOW

LOW

HIGH

HIGH

MEDIUM

MEDIUM

LOW/ MED

HIGH

LOW/MED

MED/HIGH

LOW8

LOW8

LOW8

HIGH7

MEDIUM7

MEDIUM7

LOW

MED/HIGH

HIGH

MEDIUM

N/A

N/A

N/A

VARIES

VARIES

VARIES (NO3)

NONE

VARIES

VARIES

HIGH

LOW

LOW

N/A

N/A

HIGH

MED/HIGH

MED/HIGH

HIGH

N/A

N/A

Sediment LOW

LOW

HIGH

MEDIUM

MEDIUM

LOW

LOW

HIGH

LOW,
Vegetation -

MED/HIGH

HIGH
LOW/
MED

LOW/MED

LOW/

LOW/MED/

MED/

HIGH

LOW/ME
D
LOW/ME
D

MED/ HIGH

HIGH

MED/

MED/HIGH

MED/

HIGH

(NO3)

HIGH

HIGH

MED/HIGH

MEDIUM
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LOW/MED

LOW

HIGH

LOW/MED

LOW

MEDIUM

HIGH
MED

LOW

MEDIUM

HIGH

HIGH

MED /(NO3)

MEDIUM

6

MEDIUM
7

LOW

Notes: Although vegetated roofs can be used very successfully in combination with infiltration systems. Sand filters only (For filters with
infiltration, see Subsurface Infiltration Bed section, or other infiltration BMP sections. For manufactured systems, see manufacturer’s
8

information, as well as results from independent verification.) Increases with infiltration
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HIGH

NON-STRUCTURAL BMP
FACT SHEETS
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BMP Fact Sheet
Cluster Development

Variations

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

•
•

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

Key Design Features
•
•
•

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

Benefits
•
•
•

Reduces required infrastructure
Increases open space
Protects environmentally
sensitive natural resources

Limitations
•

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

Applications

Stormwater Quantity Functions

Residential

Yes

Volume

High

Commercial

Yes*

Groundwater
Recharge

High

Ultra Urban

Limited

Peak Rate

High

Industrial

Limited

Retrofit

No

TSS – Total
Suspended Solids

High

Highway/Road

No

TP – Total
Phosphorus

High

TN or NO3 – Total
Nitrogen/Nitrate

High

Temperature

High

Recreational

Limited

Stormwater Quality Functions

* Depending upon site size, constraints, and other factors.

Additional Considerations
Cost

Low

Maintenance

Low/Med

Winter Performance

High
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Designer/Reviewer Checklist for Cluster Development:
ITEM

YES

NO

Has nonstructural BMP Protect Sensitive
Resources been applied? If not, complete this
BMP.
Has a baseline “yield plan” been developed by
applicant?
What municipal ordinance provisions –
obstacles and opportunities – exist for
clustering?
Has a Potential Development Area, or
comparable, which avoids Sensitive
Resources, been delineated?
Has “yield plan” house/unit count been
loaded into Potential Development Area?
What clustered lot size assumptions are being
used?
Compatible with municipal ordinance?
Compare disturbed area/developed area of
“yield plan” with clustered plan?
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N/A

NOTES

BMP Fact Sheet
Minimize Soil Compaction

Key Design Features
•

Minimizing soil compaction is the practice of protecting and
minimizing damage to existing soil quality caused by the land
development process. Enhancing soil composition with soil
amendments and mechanical restoration after it has been
damaged is addressed in Chapter 7 of the LID Manual as a
separate structural BMP.

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

Benefits
•
•

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

Limitations
•

Minimizing disturbance of soil to protect wooded area
Source: City of Andover, Minnesota
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Difficult to implement on small
development sites.

Applications

Stormwater Quantity Functions

Residential

Yes

Volume

Med/High

Commercial

Yes

Groundwater
Recharge

Med/High

Ultra Urban

Limited

Peak Rate

Low/Med

Industrial

Yes

Retrofit

Limited

TSS – Total
Suspended Solids

Med/High

Highway/Road

Limited

TP – Total
Phosphorus

Med/High

TN or NO3 – Total
Nitrogen/Nitrate

Low

Temperature

Med/High

Recreational

Yes

Stormwater Quality Functions

Additional Considerations
Cost

Low/Med

Maintenance

Low

Winter Performance

Low/Med
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Designer/Reviewer Checklist for Minimizing Soil Compaction:
ITEM

YES

NO

Have no disturbance areas been defined on
plans (see minimize total disturbed area BMP)?
Have no disturbance areas been
fenced/flagged in field?
Have minimal disturbance areas been defined
on plans?
Have construction traffic areas been defined on
plans?
Is soil restoration BMP committed to
construction traffic areas, post-construction
phase?
Are soil stockpiling and storage areas defined
on plan?

Have proper topsoil quality and placement
specifications been committed in the plans?
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N/A

NOTES

Key Design Features
•

BMP Fact Sheet
Minimize Total Disturbed Area

•

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

•
•
•
•

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

Benefits
•
•
•
•
•

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

Limitations
•

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

Applications

Stormwater Quantity Functions

Residential

Yes

Volume

High

Commercial

Yes

Groundwater
Recharge

High

Ultra Urban

Limited

Peak Rate

High

Industrial

Yes

Retrofit

Limited

TSS – Total
Suspended Solids

High

Highway/Road

Limited

TP – Total
Phosphorus

High

TN or NO3 – Total
Nitrogen/Nitrate

High

Temperature

High

Recreational

Yes

Stormwater Quality Functions

Additional Considerations
Cost

Low

Maintenance

Low

Winter Performance

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

YES

NO

Have related BMPs (Protect Sensitive Areas, Natural
Flow Pathways, Riparian Buffers, Clustering) been
applied?
Has Potential Development Area been defined?
Have infrastructure connections/constraints been
analyzed?
On site, have roads been aligned to fit topography, to
parallel contours and minimize cut/fill?
On areas previously cleared? With terracing?
Compatible with natural flow pathways?
On lots, have buildings been located to reduce
disturbance?
On lots, have maximum disturbance radii been
established and applied?
No disturbance areas shall be clearly delineated on
construction plans and flagged/fenced in field.
Have no disturbance zones been assessed
qualitatively for invasive management needs?
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N/A

NOTES

BMP Fact Sheet

Variations
•
•

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

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

Key Design Features
•

•
•
•
•

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

Benefits
•

Maximizes natural hydrological
functions
• Reduces structural management
practices
• Reduces management costs

Limitations
Natural flow pathway in residential development
Source: Brandywine Conservancy, Environmental Management Center, 1998
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•

Minimal water quality benefits

Applications

Stormwater Quantity Functions

Residential

Yes

Volume

Low/Med

Commercial

Yes

Groundwater
Recharge

Low

Ultra Urban

No

Peak Rate

Med/High

Industrial

Yes

Retrofit

Yes

TSS – Total
Suspended Solids

Low/Med

Highway/Road

Yes

TP – Total
Phosphorus

Low/Med

TN or NO3 – Total
Nitrogen/Nitrate

Low

Temperature

Low

Recreational

Yes

Stormwater Quality Functions

Additional Considerations
Cost

Low

Maintenance

Low/Med

Winter Performance

Low/Med
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Designer/Reviewer Checklist for Protect Natural Flow Pathways:
ITEM

YES

NO

Identify in plan all natural flow pathways before
proposed development?
Identify in plan natural flow pathways protected postdevelopment?
Highlight in plan natural flow pathways which are
integrated into stormwater management?
Have measures been taken to guarantee that natural
pathways won’t be negatively impacted by
stormwater flows?
Have credits been calculated for natural flow
pathways being protected?
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N/A

NOTES

BMP Fact Sheet
Protect Riparian Buffer Areas

Key Design Features

Riparian buffer areas are important elements of local
communities’ green infrastructure and/or LID tool box. These
areas are critical to the biological, chemical, and physical
integrity of our waterways. Riparian buffer areas protect water
quality by cooling water, stabilizing banks, mitigating flow rates,
and providing for pollution and sediment removal by filtering
overland sheet runoff before it enters the water. The
Environmental Protection Agency defines buffer areas as, “areas
of planted or preserved vegetation between developed land and
surface water, [which] area effective at reducing sediment and
nutrient loads.”
Physical restoration of riparian buffer areas is located in Chapter
7 of the LID Manual as a structural BMP. A detailed description
of the characteristics of riparian buffer areas is combined with a
discussion of their stormwater functions in the restoration BMP.

Maintaining a riparian buffer
Source: JFNew
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•
•

Physical protection
Protection through planning
tools

Benefits
•
•
•
•

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

Limitations
•

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

Applications

Stormwater Quantity Functions

Residential

Yes

Volume

Low/Med

Commercial

Yes

Groundwater
Recharge

Low/Med

Ultra Urban

Limited

Peak Rate

Low/Med

Industrial

Yes

Retrofit

Yes

TSS – Total
Suspended Solids

High

Highway/Road

Limited

TP – Total
Phosphorus

High

TN or NO3 – Total
Nitrogen/Nitrate

Medium

Temperature

High

Recreational

Yes

Stormwater Quality Functions

Additional Considerations
Cost

Low/Med

Maintenance

Low

Winter Performance

High
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Designer/Reviewer Checklist for Protecting Riparian Buffer Areas:

ITEM

YES

NO

Define municipal programs, requirements or
resources for riparian buffer protection, if any
Based on above and relevant sources, establish
riparian buffer protection standards for development
site
Map riparian resources at the site which need buffer
protection
Apply Zone1/Zone2/Zone3 (see full BMP fact sheet
from MI LID Manual…..) determinations; adjust for
steep slopes and/or other natural/made factors.
Overlay development program onto site,
avoiding/minimizing Riparian Buffer Zone impacts.
Provide for Riparian Buffer Zone maintenance?
Provide for Riparian Buffer Zone protection in
perpetuity (deed restrictions? covenants?
easements?)?
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N/A

NOTES

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

Key Design Features
•

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

Benefits
•
•

Improved water quality
Mitigation of runoff volume and
peak rates

Limitations
•

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

Applications

Stormwater Quantity Functions

Residential

Yes

Volume

High

Commercial

Yes

Groundwater
Recharge

High

Ultra Urban

Limited

Peak Rate

High

Industrial

Yes

Retrofit

No

TSS – Total
Suspended Solids

High

Highway/Road

Limited

TP – Total
Phosphorus

High

TN or NO3 – Total
Nitrogen/Nitrate

Low

Temperature

High

Recreational

Yes

Stormwater Quality Functions

Additional Considerations
Cost

Low/Med

Maintenance

Low/Med

Winter Performance

High
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Designer/Reviewer Checklist for Protect Sensitive Areas:
ITEM

YES

NO

N/A

Define sensitive resources at proposed
development site (see Key Design Features for list
of sensitive resources)
Map sensitive resources at proposed development
site
Prioritize/weight sensitive areas, as necessary and
appropriate
Develop potential development area map, or
comparable, defined as converse/negative of
sensitive areas, with priorities/weightings as
necessary and appropriate.
Determine baseline development plan, compatible
with municipal ordinance.
Iteratively fit baseline development plan to
potential development area, minimizing sensitive
area encroachment?
Is this BMP process required by municipality? Yes
or no, has applicant followed these steps, or
comparable?
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NOTES

BMP Fact Sheet

Key Design Features

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

Streets
• Evaluate traffic volumes and
street parking requirements
• Consult with local fire
department and road agencies
• If available, consider a private
road ordinance as necessary to
minimize width
• Minimize pavement widths and
lengths by using alternative
roadway layouts, restricting onstreet parking, minimizing cul-desac radii, and using permeable
pavers
Parking lots
• Evaluate parking requirements
considering average demand as
well as peak demand
• Consider smaller parking stalls
and/or compact parking spaces
• Analyze parking lot layout to
evaluate the applicability of
narrowed traffic lanes and
slanted parking stalls
• If appropriate, minimize
impervious parking area by using
overflow parking areas
constructed of pervious paving
materials

Residential cul-de-sac with vegetation

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

Benefits
•

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

Limitations
•

Must comply with local private
road ordinances
• Must comply with vehicular
safety standards

Applications

Stormwater Quantity Functions
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Residential

Yes

Volume

High

Commercial

Yes

Groundwater
Recharge

High

Ultra Urban

Limited

Peak Rate

High

Industrial

Yes

Retrofit

Limited

TSS – Total
Suspended Solids

Medium

Highway/Road

Yes

TP – Total
Phosphorus

Low

TN or NO3 – Total
Nitrogen/Nitrate

Low

Temperature

Medium

Recreational

Yes

Stormwater Quality Functions

Additional Considerations
Cost

Low

Maintenance

Low

Winter Performance

High
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Designer/Reviewer Checklist for Reducing Impervious Surfaces:
ITEM

YES

NO

N/A

Check municipal ordinances for
requirements/specifications for roads, drives,
parking, walkways, other (problems vs.
opportunities?), including safety requirements
Have both macro (e.g., clustering) and micro
site planning (e.g., reduced setbacks) activities
been applied fully?
Have LID impervious reduction standards for
roads, drives, parking, and other impervious
areas been consulted and applied?
Have roads and drives been reduced or
narrowed as much as possible?
Have macro parking ratios, lot layout, sharing
strategies, and micro strategies
(sizes/dimensions) been applied fully?
Have pervious surfaces been applied for roads,
drives, walks, parking, patios, and other hard
surfaces, with maintenance to be provided?
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NOTES

BMP Fact Sheet
Variations
•
•

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

•
•
•
•

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

Key Design Features
•
•

•

•
•

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

Site Factors
•
•
•
•
•

Roofleader directed toward bioretention

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

Benefits
•

Reduces runoff volume and peak
rate
• Increases water quality benefits
• May qualify for stormwater
quality credits

Limitations
•
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Requires area for infiltration

Applications

Stormwater Quantity Functions

Residential

Yes

Volume

High

Commercial

Yes

Groundwater
Recharge

High

Ultra Urban

Limited

Peak Rate

High

Industrial

Limited

Retrofit

Limited

TSS – Total
Suspended Solids

High

Highway/Road

Limited

TP – Total
Phosphorus

High

TN or NO3 – Total
Nitrogen/Nitrate

Low/Med

Temperature

High

Recreational

Yes

Stormwater Quality Functions

Additional Considerations
Cost

Low

Maintenance

Low

Winter Performance

Low
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Designer/Reviewer Checklist for Protect Sensitive Areas:
ITEM

YES

NO

N/A

Are site factors conducive to disconnection
(infiltration-related factors? slope? other?)
Is proposed development type (e.g.,
residential, commercial) conducive to
disconnection? Free of hot spots?
Are there any municipal ordinance
provisions, obstacles, and opportunities for
disconnection?
Have potential disconnection runoff sources
been adequately reviewed/utilized in terms
of proposed plan?
Have potential disconnection management
measures been used/exploited for all
potential sources?
Have Criteria and Credits specifications for
both rooftop and non-rooftop sources of
disconnection been satisfied?
Have disconnection calculation credits been
properly entered, as specified in Criteria and
Credits?
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NOTES

STRUCTURAL BMP
FACT SHEETS
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Variations

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

•
•
•

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

Key Design Features
•
•

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

Site Factors
•

•

•
•

•

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

Benefits
•

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

Formal Rain Garden, Traverse City, MI

Limitations
•

Higher maintenance until
vegetation is established
• Limited impervious drainage area
• Requires careful selection and
establishment of plants
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Applications

Stormwater Quantity Functions

Residential

Yes

Volume

Med/High

Commercial

Yes

Groundwater
Recharge

Med/High

Ultra Urban

Limited

Peak Rate

Medium

Industrial

Yes

Retrofit

Yes

TSS – Total
Suspended Solids

High

Highway/Road

Yes

TP – Total
Phosphorus

Medium

TN or NO3 – Total
Nitrogen/Nitrate

Medium

Temperature

High

Recreational

Yes

Stormwater Quality Functions

Additional Consideration
Cost

Medium

Maintenance

Medium

Winter Performance

Medium
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Designer/Reviewer Checklist for Bioretention (Rain Gardens):
ITEM

YES

NO

Was Appendix E in LID Manual for Soil infiltration
Testing Protocol Followed?*
Appropriate areas of the site evaluated?
Infiltration Rates measured?
Were the biorention design guidelines followed?
Minimum 2-foot separation between the bed
bottom and bedrock/SHWT?
Soil permeability acceptable?
If not, appropriate underdrain provided?
Natural, uncompacted soils?
Level infiltration area (bed bottom)?
Excavation in rain garden areas minimized?
Hotspots/pretreatment considered?
Loading ratio below 5:1 (described in infiltration
BMP in LID Manual)?
Ponding depth limited to 18 inches?
Drawdown time less than 48 hours?
Positive overflow from system?
Erosion and Sedimentation control?
Feasible construction process and sequence?
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N/A

NOTES

Entering flow velocities non-erosive or erosion control
devices?
Acceptable planting soil specified?
Appropriate native plants selected?
Maintenance accounted for and plan provided?
Review of treatment volume?
Review of calculations?
*In general, the protocol should be followed as much as possible.
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BMP Fact Sheet
Variations

Capture Reuse

•
•

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

Key Design Features

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

•

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

Site Factors
•

•
•
•

Cistern at Fairlane Green shopping center, Allen Park, MI

•

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

Benefits
•

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

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

Applications

Stormwater Quantity Functions

Residential

Limited*

Volume

High

Commercial

Yes

Groundwater
Recharge

Low

Ultra Urban
Industrial

Yes
Yes

Peak Rate
Low*
Stormwater Quality Functions

Retrofit

Yes

TSS – Total
Suspended Solids

Medium

Highway/Road

No

TP – Total
Phosphorus

Medium

TN or NO3 – Total
Nitrogen/Nitrate

Medium

Temperature

Medium

Recreational

Yes

Additional Consideration

Cost
• Rain Barrel
• Cistern
• Manufactured product

Low
Medium
Varies

Maintenance

Medium

Winter Performance

Medium
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Designer/Reviewer Checklist for Capture Reuse:

* These items primarily relate to larger systems, not residential rain barrels.

ITEM

YES

NO

N/A

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

Variations

BMP Fact Sheet
Constructed Filter

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

•
•
•
•
•
•
•
•

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

Key Design Features
•
•

•
•
•
•
•
•

Depth of filtering medium 18-30”
Surface ponding should drain
down within 72 hours (3-6”
ponding depth)
May be designed to infiltrate
May require pretreatment for
debris and sediment
Some systems require sufficient
head (2-6 feet)
Flow splitter or positive overflow
required to bypass large storms
Requires minimum permeability
of filtration medium
Underdrains may be needed if
infiltration is infeasible

Site Factors
•
•
•
•
•

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

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

Benefits
•
•

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

Limitations
•
•
•
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Limited water quantity benefits
Relatively high cost
High maintenance needs

Applications

Stormwater Quantity Functions
Low/High
Volume
*

Residential

Limited

Commercial

Yes

Groundwater
Recharge

Low/High
*

Ultra Urban

Yes

Peak Rate

Low/High
*

Industrial

Yes

Retrofit

Yes

TSS – Total
Suspended Solids

High**

Highway/Road

Yes

TP – Total
Phosphorus

Medium*
*

TN or NO3 – Total
Nitrogen/Nitrate

Medium*
*

Temperature

Low

Recreational

Yes

Stormwater Quality Functions

Additional Considerations
Cost

Med/High

Maintenance

High

Winter Performance

Medium

* Function is low without infiltration and increases
when infiltration is provided
** Sand filters only (For filters with infiltration, see
Substrate Infiltration Bed section, or other infiltration
BMP sections in the LID Manual. For manufactured
systems, see manufacturer’s information, as well as
results from independent verification).
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Designer/Review Checklist for Constructed Filter:
ITEM

YES

NO

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

NOTES

BMP Fact Sheet
Variations

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

•
•
•
•
•

Dry ponds
Wet ponds
Underground detention
Constructed wetlands
Bioretention

Key Design Features
•
•
•
•
•
•
•
•
•

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

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

Stormwater Quantity Functions

Residential

Yes

Volume

Commercial

Yes

Groundwater
Recharge

Ultra Urban

Yes

Industrial

Yes

Retrofit

Yes

Highway/Road

Yes*

Recreational

Yes

Peak Rate

* So as not to be a hazard.

Stormwater Quality Functions
Varies by type as follows:
Type

TSS

TP

TN

Temperature

Dry Pond

Medium

Medium

Low

Low

Wet Pond

High

Medium

Medium

Low/Medium

High

Medium

Medium

Low/Medium

N/A

N/A

N/A

N/A

Constructed
Wetland
Underground
Detention
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Low
None or Low
High

Designer/Reviewer Checklist for Wet Detention Ponds:
ITEM

ITEM
Used in conjunction with other BMPs for groundwater
recharge and/or water quality?

YES NO
YES NO

Adequate drainage area/water supply/groundwater table
to maintain permanent water surface?
Relatively impermeable soils and/or soil modification?
Stable inflow points provided?
Forebay and/or pretreatment provided for sediment
removal?
Adequate length to width ratio?
Appropriate and varying water depths?
Acceptable side slopes?
Safety benches provided?
Properly designed outlet structure?
Dewatering mechanism provided?
Trash rack provided to prevent clogging?
Stable emergency overflow and outflow points?
Adequate soils for plantings?
Appropriate plants selected in and around pond?
25-foot buffer provided?
Erosion and sedimentation control considered?
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N/A
N/A

NOTES

Designer/Reviewer Checklist for Dry Extended Detention Ponds:

ITEM

YES

NO

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

Designer/Reviewer Checklist for Constructed Wetlands:
Designer/Reviewer Checklist for Underground Detention:
ITEM
Used in conjunction with other BMPs for groundwater
recharge and/or water quality?
Adequate drainage area/water supply/groundwater
table to maintain permanent water surface?

YES

NO

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

ITEM

YES

NO

Used in conjunction with other BMPs for water
quality and groundwater recharge?
Stable inflow points provided?
Pretreatment provided for sediment removal?
Properly designed outlet structure?
Adequate cleanouts/maintenance access provided?
Stable emergency overflow and outflow points?
Drawdown time less than 72 hours?
Soil compaction minimized?
Clean, washed, open-graded aggregate specified, if
applicable?
Geotextile specified?
If proprietary storage media is used, were the
manufacturer’s recommendations followed?
Appropriate native plants selected, if applicable?
Erosion and sedimentation control considered?
Maintenance accounted for and plan provided?
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NOTES

BMP Fact Sheet
Infiltration Practices

Infiltration practices are natural or
constructed land areas located in
permeable soils that capture, store,
and infiltrate the volume of
stormwater runoff into surrounding
soil.

Infiltration Trench, City of Grayling, MI
Source: Huron Pines

Variations
•

•

•

•

•

•
•

Dry wells, also referred to as seepage pits, French drains or Dutch drains, are a subsurface storage
facility (structural chambers or excavated pits, backfilled with a coarse stone aggregate) that
temporarily store and infiltrate stormwater runoff from rooftop structures. Due to their size, dry wells
are typically designed to handle stormwater runoff from smaller drainage areas, less than one acre
in size.
Infiltration basins are shallow surface impoundments that temporarily store, capture, and infiltrate
runoff over a period of several days on a level and uncompacted surface. Infiltration basins are
typically used for drainage areas of 5 to 50 acres with land slopes that are less than 20 percent.
Infiltration berms use a site’s topography to manage stormwater and prevent erosion. Berms may
function independently in grassy areas or may be incorporated into the design of other stormwater
control facilities such as Bioretention and Constructed Wetlands. Berms may also serve various
stormwater drainage functions including: creating a barrier to flow, retaining flow for volume control,
and directing flows.
Infiltration trenches are linear subsurface infiltration structures typically composed of a stone
trench wrapped with geotextile which is designed for both stormwater infiltration and conveyance in
drainage areas less than five acres in size.
Subsurface infiltration beds generally consist of a rock storage (or alternative) bed below other
surfaces such as parking lots, lawns and playfields for temporary storage and infiltration of
stormwater runoff with a maximum drainage area of 10 acres.
Bioretention can be an infiltration practice and is discussed in the Bioretention BMP.
Level spreaders can be an infiltration practice and is discussed in the Level Spreader BMP.
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Infiltration BMP

Max.

•
•
•
•
•

•
•
•
•
•

Berming
Dry Well
Infiltration Basin
Infiltration Trench
Subsurface Infiltration Bed

5 acres
1 acre
10 acres
2 acres
5 acres

Key Design Features
•
•
•
•

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

Site Factors
•
•
•
•

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

Benefits
•
•
•
•

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

Limitations
•

Pretreatment requirements to prevent clogging
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Applications:
Residential

Commercial

Ultra
Urban

Industry

Retrofit

Highway/
Road

Recreational

Yes

Yes

Yes

Limited

Yes

No

No

Yes

Yes

Limited

Yes

Yes

Limited

No

Yes

Yes

Limited

Yes

Yes

Yes

No

Infiltratio
n trench

Yes

Yes

Yes

Yes

Yes

Yes

No

Subsurfac
e
infiltratio
n bed

Yes

Yes

Yes

Yes

Yes

Limited

No

Dry Well
Infiltratio
n basin
Infiltratio
n berm

Stormwater Quantity Functions:
Volume
Dry Well

Groundwater Recharge

Peak Rate

Medium

High

Medium

High

High

High

Low/Medium

Low/Medium

Medium

Infiltration
trench

Medium

High

Low/Medium

Subsurface
infiltration
bed

High

High

High

Infiltration
basin
Infiltration
berm
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Stormwater Quality Functions:
TSS
Dry Well

TP

N03

Temperature

High

High/Medium

Medium/Low

High

High

Medium/High

Medium

High

Medium/High

Medium

TN-Medium

Medium

Infiltration
trench

High

High/Medium

Medium/Low

High

Subsurface
infiltration
bed

High

Medium/High

Low

High

Infiltration
basin
Infiltration
berm
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Designer/Reviewer Checklist for Infiltration Berms:
ITEM

YES

NO

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

NOTES

Designer/Reviewer Checklist for Infiltration Trenches, Infiltration Basins,
Dry Wells and Subsurface Infiltration Beds:

ITEM

YES

NO

N/A

Was the Soil Infiltration Testing Protocol
followed?
Appropriate areas of the site evaluated?
Infiltration rates measured?
Was the Infiltration BMP followed?
Two-foot separation from the bed bottom
and bedrock/SHWT?
Soil permeability acceptable?
If not, appropriate underdrain provided?
Adequate separations from wells, structures,
etc.?
Natural, uncompacted soils?
Level infiltration area (e.g. trench bottom,
bed bottom)?
Excavation in infiltration area minimized?
Hotspots/pretreatment considered?
Loading ratio below 5:1?
Storage depth limited to two feet?
Drawdown time less than 72 hours?
Positive overflow from system?
Erosion and Sedimentation control?
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NOTES

Feasibility construction process and sequence?
Geotextile specified?
Pretreatment provided?
Clean, washed, open-graded aggregate specified?
Stable inflows provided (infiltration basin)?
Appropriate perforated pipe, if applicable?
Appropriate plants selected, if applicable?
Observation well/clean out provided, if
applicable?
Access?
Maintenance accounted for and plan provided?
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Variations

BMP Fact Sheet

•
•

Inflow
Outflow

Key Design Features

Level Spreaders

•

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

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

Site Factors
•
•

•
•
•

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

Benefits
•
•
•

Low Cost
Wide applicability
Ability to work with other BMPs
in a treatment train
• Avoids concentrated discharges
and their associated potential
erosion
LaVista Storm Drain Project Level Spreader
Source: City of Battle Creek

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

Applications

Stormwater Quantity Functions

Residential

Yes

Volume

Low*

Commercial

Yes

Groundwater
Recharge

Low*

Ultra Urban

No

Peak Rate

Low*

Industrial

Yes

Retrofit

Yes

TSS – Total
Suspended Solids

Low

Highway/Road

Yes

TP – Total
Phosphorus

Low

TN or NO3 – Total
Nitrogen/Nitrate

Low

Temperature

Low

Recreational

Yes

Stormwater Quality Functions

Additional Considerations
Cost

Low

Maintenance

Low

Winter Performance

High
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Designer/Reviewer Checklist for Level Spreaders:
ITEM
Avoidance of stormwater concentration as much as
practical?
Soil erodibility considered?

YES

NO

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

NOTES

Variations

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

•
•
•
•
•
•

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

Key Design Features
•

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

Site Factors
•
•
•
•
•

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

Benefits
Bennett Arboretum Wildflower Grow Zone Project, Wayne County, MI
Source: Wayne County Department of Environment Quality

•

Low long-term maintenance
needs
• Improves water quality
• Reduces volume

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

Potential Applications

Stormwater Quantity Functions

Residential

Yes

Volume

Low/Med/High

Commercial

Yes

Groundwater
Recharge

Low/Med/High

Ultra Urban

Limited

Peak Rate

Low/Med

Industrial

Yes

Stormwater Quality Functions

Retrofit

Yes

TSS – Total
Suspended
Solids

Highway/Road

Limited

TP – Total
Phosphorus

Yes

TN or NO3 –
Total
Nitrogen/Nitrate
Temperature

Recreational

High
High
Med/High
Med

Additional Considerations
Cost

Low/Med

Maintenance

Low

Winter Performance

Medium
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Designer/Reviewer Checklist for Native Revegetation:
ITEM

YES

NO

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

Variations
•
•
•
•

Porous asphalt
Pervious concrete
Permeable paver blocks
Reinforced turf/gravel

Key Design Features
•

•
•
•
•

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

Site Factors
•

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

Benefits
•

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

Limitations
•

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

Pervious pavement with infiltration schematic

* Four feet recommended,
if possible
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Applications

Stormwater Quantity Functions

Residential

Yes**

Volume

High

Commercial

Yes

Groundwater
Recharge

High

Ultra Urban

Yes

Peak Rate

Med/High

Industrial

Yes**

Stormwater Quality Functions

Retrofit

Yes**

TSS – Total
Suspended
Solids

Highway/Road

Limited

TP – Total
Phosphorus

Yes

TN or NO3 –
Total
Nitrogen/Nitrate
Temperature

Recreational

High***
Med/High
Medium
High

** Applicable with special design considerations.
*** Pretreatment for TSS is recommended

Additional Considerations
Cost

Medium

Maintenance

High

Winter Performance

Medium
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Designer/Reviewer Checklist for Pervious Pavement with Infiltration Bed:

Type of pervious pavement(s) proposed: _____________________________________
Source of mix design or material source: ______________________________________
ITEM

YES NO

Appropriate application of pervious pavement (e.g., use,
traffic loading, slopes)?
Was the Soil Infiltration Testing Protocol followed?
Appropriate areas of the site evaluated?
Infiltration rates measured?
Was the Infiltration BMP followed?
Two-foot minimum separation between the bed bottom
and bedrock/SHWT?
Soil permeability acceptable?
If not, appropriate underdrain provided?
Adequate separations from wells, structures, etc.?
Natural, uncompacted soils?
Level infiltration area (bed bottom)?
Excavation in pervious pavement areas minimized?
Hotspots/pretreatment considered?
Loading ratio below 5:1?
Storage depth limited to two feet?
Drawdown time less than 48 hours?
Positive overflow from system?
Erosion and Sedimentation control?
Feasibility construction process and sequence?
Geotextile specified?
Clean, washed, open-graded aggregate specified?
Properly designed/specified pervious pavement surface?
Maintenance accounted for and plan provided?
Signage provided?
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BMP Fact Sheet
Planter Boxes
Planter boxes receive runoff from multiple impervious surfaces,
which is used for irrigation of the vegetation in the planter box
preventing stormwater from directly draining into nearby
sewers. They also play an important role in urban areas by
minimizing stormwater runoff, reducing water pollution, and
creating a greener and healthier appearance of the built
environment by providing space for plants and trees near
buildings and along streets. There are three main types of
planter boxes which can be used on sidewalks, plazas, rooftops,
and other impervious areas: contained, infiltration, and flowthrough.

Variations
•
•
•

Contained
Infiltration
Flow-through

Key Design Features
•

May be designed as
pretreatment

•

May be designed to infiltrate

•

Captures runoff to drain out in
three to four hours after a storm
event

•

Receives less than 15,000
square feet of impervious area
runoff

•

Planters should be made of
stone, concrete, brick, or decay
resistant wood/manufactured
composite

Benefits

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

•

Enhances the area where they
are placed

•

Potential air quality and climate
benefits

•

Can be used in a wide range of
areas, including ultra-urban

Limitations
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•

Limited stormwater
quantity/quality benefits

•

Relatively high cost due to
structural components

Potential Applications

Stormwater Quantity Functions

Residential

Yes

Volume

Low/Med

Commercial

Yes

Groundwater
Recharge

Low/Med

Ultra Urban

Yes

Peak Rate

Low

Industrial

Limited

Stormwater Quality Functions

Retrofit

Yes

TSS – Total
Suspended
Solids

Highway/Road

No

TP – Total
Phosphorus

Yes

TN or NO3 –
Total
Nitrogen/Nitrate
Temperature

Recreational

Medium
Medium
Low/Med
Low/Med

Additional Considerations
Cost

High

Maintenance

Medium

Winter Performance

Medium
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Designer/Reviewer Checklist for Planter Boxes:
ITEM
For infiltration planters, was Soil Testing
Infiltration Protocol (Appendix E in LID Manual)
followed?*

YES

NO

N/A

NOTES

Appropriate areas of the site evaluated?
Infiltration rates measured?
For infiltration planters, was the Infiltration BMP
followed?*
Two-foot minimum separation between the bed
bottom and bedrock/seasonally high water
table?
Soil permeability acceptable?
If not, appropriate underdrain provided?
Natural, uncompacted soils?
Excavation in pervious pavement areas
minimized?
Drawdown time less than 48 hours?
Erosion and Sedimentation control?
Adequately stable inflow point(s)?
Positive overflow from system?
Waterproofing provided, as necessary?
Acceptable soil/growing medium specified?
Gravel layer specified properly?
Underdrain positioned and sized?
Appropriate native plants selected?
Feasible construction process and sequence?
Maintenance accounted for and plan provided?
* In general, the Protocol and Infiltration BMP should be followed as much as possible
(although there is more flexibility for infiltration planters than for other BMPs such as
pervious pavement and subsurface infiltration that rely almost entirely on infiltration).
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BMP Fact Sheet
Riparian Buffer Restoration

Key Design Features

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

Riparian buffers consist of three
distinct zones:
•

Zone 1: Streamside zone extends a
minimum distance of 25 feet

•

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

•

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

Site Factors
•
•

Water table to bedrock depth: N/A
Soils: Match vegetation to soils to
maximize long-term viability of
plantings

•

Slope: N/A

•

Potential hotspots: No

•

Max. drainage area: 5-20 times the
buffer area.

Benefits
Suburban riparian buffer – Edward Drain, West Bloomfield, MI
Source: JFNew

•

Water quality

•

Ecological and aesthetic value

•

Low cost

Limitations
•
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Reduced volume and peak rate
control

Potential Applications

Stormwater Quantity Functions

Residential

Yes

Volume

Low/Med

Commercial

Yes

Groundwater
Recharge

Low/Med

Ultra Urban

Yes

Peak Rate

Low/Med

Industrial

Yes

Stormwater Quality Functions

Retrofit

Yes

TSS – Total
Suspended
Solids

Highway/Road

Limited

TP – Total
Phosphorus

Yes

TN or NO3 –
Total
Nitrogen/Nitrate
Temperature

Recreational

Med/High
Med/High
Med/High
Med/High

Additional Considerations
Cost

Low/Med

Maintenance

Low

Winter Performance

High
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Designer/Reviewer Checklist for Riparian Buffer Restoration:

ITEM

YES

NO

Avoidance of stormwater concentration as much
as practical?
Appropriate buffer widths designed?
Soil erodibility considered?
Slope considered and appropriate?
Appropriate vegetation selected based on soils,
hydrology, and ecoregion?
Appropriate vegetation selected based on budget
and aesthetics?
Appropriate plant spacing designed?
Appropriate balance of woody to herbaceous
species?
Seasonality of planting/construction considered?
Erosion and sedimentation control provided?
Maintenance accounted for and plan provided?
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BMP Fact Sheet
Soil Restoration
Soil is a key ingredient in effective stormwater and water quality
management, making proper care of soils a key component of
low impact development. Soil restoration is a technique used to
enhance and restore soils by physical treatment and/or mixture
with additives – such as compost – in areas where soil has been
compacted. Soil media restoration increases the water
retention capacity of soil, reduces erosion, improves soil
structure, immobilizes and degrades pollutants (depending on
soil media makeup), supplies nutrients to plants, and provides
organic matter. Soil restoration is also used to reestablish the
soil’s long term capacity for infiltration and to enhance the
vitality of the soil as it hosts all manner of microbes and plant
root systems in complex, symbiotic relationships.

Key Design Features
•

Follow nonstructural BMP to
minimize soil compaction
• Evaluate existing soil conditions
using methods referenced in Soil
Infiltration Testing Protocol
(Appendix E in LID Manual)
before creating a soil restoration
strategy
• Soil media used in restoration is
either organic or inorganic (manmade) and is mixed into existing
soil

Benefits
•
•
•

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

Limitations
•

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

Applications

Stormwater Quantity Functions

Residential

Yes

Volume

Medium

Commercial

Yes

Groundwater
Recharge

Low

Ultra Urban

Yes

Peak Rate

Medium

Industrial

Yes

Retrofit

Limited

TSS – Total
Suspended
Solids

High*

Highway/Road

Yes

TP – Total
Phosphorus

High*

Yes

TN or NO3 –
Total
Nitrogen/Nitrate
Temperature

Recreational

Stormwater Quality Functions

Medium
Medium

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

Additional Considerations
Cost

Medium

Maintenance

Low

Winter Performance

High
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Designer/Reviewer Checklist for Soil Restoration:
Type of soil amendment(s) proposed: ___________________________________________________
Amount of amendment(s) to be used: ___________________________________________________
ITEM

YES

NO

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

Variations
•
•

Turf grasses
Prairie grasses, shrubs, and
groundcover vegetation,
including trees
• Indigenous woods and dense
vegetation

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

Key Design Features
•

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

Site Factors
•
•
•

•
•

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

Benefits
•
•
•

Vegetated Filter Strip along roadway
Source: Wayne County Department of Environment

Low cost
Good water quality performance
Aesthetic and habitat benefit

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

Applications

Stormwater Quantity Functions

Residential

Yes

Volume

Low

Commercial

Yes

Groundwater
Recharge

Low

Ultra Urban

Limited*

Peak Rate

Low

Industrial

Limited*

Retrofit

Yes

TSS – Total
Suspended
Solids

Med/High

Highway/Road

Yes

TP – Total
Phosphorus

Med/High

Yes

TN or NO3 –
Total
Nitrogen/Nitrate
Temperature

Recreational

Stormwater Quality Functions

Med/High
Med/High

*According to site characteristics

Additional Considerations
Cost

Low
Low/Medium
Varies dependent on type of
vegetation

Maintenance
Winter Performance

High
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Designer/Reviewer Checklist for Vegetated Filter Strips

ITEM
Sheet flow provided?

YES

NO

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

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

•
•
•

Intensive
Semi-intensive
Extensive

Key Design Features
•

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

Benefits
•
•

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

Limitations
•
•

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

Applications

Stormwater Quantity Functions

Residential

Limited

Volume

Med/High

Commercial

Yes

Groundwater
Recharge

Low*

Ultra Urban

Yes

Peak Rate

Medium

Industrial

Yes

Stormwater Quality Functions

Retrofit

Yes

TSS – Total
Suspended
Solids

Highway/Road

N/A

TP – Total
Phosphorus

Yes

TN or NO3 –
Total
Nitrogen/Nitrate
Temperature

Recreational

Medium
Medium
Medium
High

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

Additional Considerations
Cost

High

Maintenance

Medium

Winter Performance

Medium
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Designer/Reviewer Checklist for Vegetated Roofs:
Type of vegetated roof(s) proposed: ______________________________________________

ITEM

YES

NO

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

Variations
•

Vegetated swale with infiltration
trench
• Linear wetland swale
• Grass Swale

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

Key Design Features
•
•
•
•
•
•
•

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

Site Factors
•
•

•

•
•

Water table to bedrock depth –
two-foot minimum. *
Soils – A, B preferred; C & D
may require an underdrain (see
infiltration BMP)
Slope – one to six percent. (<
one percent can be used w/
infiltration)
Potential hotspots - No
Maximum drainage area – five
acres

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

Benefits
•

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

Limitations
•

Limited application in areas
where space is a concern
• Unless designed for infiltration,
there is limited peak and volume
control

* Four feet recommended,
if possible
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Applications

Stormwater Quantity Functions

Residential

Yes

Volume

Low/Med

Commercial

Yes

Groundwater
Recharge

Low/Med

Ultra Urban

Limited

Peak Rate

Low/Med

Industrial

Yes

Retrofit

Limited

TSS – Total
Suspended
Solids

Med/High

Highway/Road

Yes

TP – Total
Phosphorus

Low/High

Yes

TN or NO3 –
Total
Nitrogen/Nitrate
Temperature

Recreational

Stormwater Quality Functions

Medium
Medium

Additional Considerations
Cost

Low/Med

Maintenance

Low/Med

Winter Performance

Medium
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Designer/Reviewer Checklist for Vegetated Swale:

Type of vegetated swale proposed: __________________________________________________

ITEM

YES

NO

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

Variations

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

•
•
•

Filtration
Settling
Hydrodynamic separation

Key Design Features
•

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

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

Limitations
•
•
•

Filtration insert with debris in St. Clair Shores, MI
Source: Environmental Consulting & Technology, Inc.
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Virtually no water quantity benefits
Potentially high costs
Typically require frequent maintenance

Applications

Stormwater Quantity Functions

Residential

Yes

Volume

None

Commercial

Yes

Groundwater
Recharge

None

Ultra Urban

Yes

Peak Rate

None

Industrial

Yes

Stormwater Quality Functions

Retrofit

Yes

TSS – Total
Suspended
Solids

Highway/Road

Yes

TP – Total
Phosphorus

Yes

TN or NO3 –
Total
Nitrogen/Nitrate
Temperature

Recreational

Varies
Varies
Varies
None

Additional Considerations
Cost

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

Maintenance
Winter Performance

High
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Designer/Reviewer Checklist for Water Quality Devices:

ITEM

YES

NO

If system if off-line, adequate flow diversion
system?
If system in on-line, adequate bypass/overflow that
minimizes release of captured pollutants?
Adequate hydraulic head available for device to
operate?
Properly sized for drainage area, flow, pollutant
capture?
Has device been independently verified for
adequate pollutant removal for appropriate particle
sizes (especially if it is the primary water quality
BMP?)
Manufacturer’s recommendations followed?
Details provided for device and connections?
Erosion control provided, if necessary?
Easy access/visibility for maintenance?
Maintenance accounted for and a detailed plan
provided (including the amount sediment/debris
accumulation that triggers the need for cleaning)?
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D. HYDROLOGIC AND HYDRAULIC MODELS
1. INTRODUCTION:
In order to preserve the hydrology and quality of the receiving water body and ensure that
adequate consideration is given to flood protection, it is necessary to calculate the proper
hydrologic and hydraulic effects created by the proposed land use changes. This section
indicates the design methods that are acceptable to calculate the level of control and
treatment required with changes in land use. Appropriately and accurately determining the
changes in runoff from an altered site provides the basis for selecting a compliment of BMPs
to serve a given site. Detailed design criteria for each BMP are provided under the separate
BMP section. At a minimum, required control and treatment are intended to maintain the
predevelopment hydrology as it relates to groundwater recharge, stream channel stability,
and flooding, while preventing degradation of water quality from pristine sites and ideally
reducing degradation from those sites that have been previously altered.
Historically, various methods of analysis have been be used to calculate the hydrological
response associated with land use change. This section focuses on those deemed most
readily applicable for complying with the requirements and/or achieving storm water
management goals of the City of East Lansing. Use of a site appropriate version of a curve
number based method such as TR55 as developed by NRCS is the preferred method for
calculating runoff volumes. Calculation of the runoff rate necessary for the sizing of storm
drains and similar facilities may also utilize the Rational Method when appropriate. Specific
details as well as possible variations from these methods are also discussed later.
Throughout this section, the term “predevelopment” describes the existing state of a site
immediately prior to the time the proposed development begins. Maintaining the same
existing hydrologic conditions of a site after it is developed/redeveloped is the goal of the
post-construction program.
In instances where less than 1 acre of site disturbance will occur, there is not a requirement to
restrict runoff volume to the predevelopment condition for channel protection unless special
conditions warrant. However, when less than 1 acre of site disturbance occurs, water quality
treatment and flood protection may still be required as provided herein.
Special consideration will be required when there is no definitive storm water receiving body
to receive discharge from a site. Also, if there is no definitive stormwater receiving body for
a site, discharge may be required to meet a “presettlement” condition. “Presettlement”
means those conditions expected to exist in the time period before significant human change
to the landscape occurred and shall either be woods or meadow in good condition based on
the predominate soil classifications of the site.
Chapter 9 of the “Low Impact Development Manual for Michigan” (the LID Manual) serves
as the basis for this section. However, deviation from these Low Impact Development
concepts is allowable to meet site specific condition. As such, some key distinctions have
been made herein. Reference should be made back to Chapter 9 of the LID Manual
whenever additional information is sought relative to this section.
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2. KEY DESIGN CRITERIA:
Changes and consideration for site hydrology has a direct effect on three key water quantity
criteria: groundwater recharge, stream channel protection, and flood control. A fourth
important criteria- water quality protection that requires an appropriate level of treatment is
provided to negate any increase in pollution due to a change in site hydrology.
a) Groundwater Recharge
According to U.S. Geological Survey and others, less than 10 percent of annual
precipitation results in direct runoff to watersheds in Michigan under natural
(presettlement) conditions. Of the remaining 90 percent, more than half is taken up by
vegetation and transpired or evaporated with the rest infiltrating and then moving
down gradient to feed local wetlands, lakes, springs and seeps, and surface streams as
base flow, and/or enters the deeper aquifers that supply drinking water wells.
Although these percentages vary around the state, recharge remains a vitally
important element of the water cycle in most areas.
Groundwater design criteria shall facilitate groundwater recharge. The accepted
approach is to implement a volume control criteria and select BMPs that maximize
the opportunity for infiltration BMPs to compensate for the control volume.
b) Stream Channel Protection
Stream channels develop their shape in response to the volume and rate of runoff that
they receive from their contributing watersheds. Research has shown that in
hydrologically stable watersheds, the stream flow responsible for most of the shaping
of the channel (called the bankfull flow) occurs between every one to two years.
When land is developed, the volume and rate of runoff from that land increases and
the stream channel will adapt by changing its shape. As the stream channel works to
reach a new stable shape, excess erosion occurs. Therefore to achieve channel
protection, the post construction runoff volume and rate must be held to the
established (predevelopment) condition for all runoff events up to the bankfull flow.
Nearly all channel forming flows in hydrologically stable watersheds occur with a
frequency of between one and two years.
Channel protection criteria is based on no increase in the discharge of runoff volume
from a site greater than the predevelopment condition for up to the two-year, 24-hour
return frequency storm. The Runoff Curve Number Method commonly referred to as
TR55, which was developed by the Natural Resources Conservation Service is the
preferred method for determining the difference between the resulting site runoff
volume for pre and post development conditions.
When the use of more traditional infiltration BMPs cannot be practically applied due
to site limitations such as heavy soils, high ground water table, concerns about ground
water contamination, etc., volume reduction can still be accomplished in these
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circumstances through the use of BMPs that provide significant interception and
evapotranspiration such as vegetated roofs and bioretention, and through capture and
reuse of stormwater.
Should the required volume control not be achievable at a reasonable cost upon the
site and is clearly demonstrated as such, special considerations may be given. One
such approach is deemed an “Offset” and must be applied in a manner acceptable to
the City of East Lansing Engineering Department. Specific requirements for using
Offsets are covered in Section I of the Policy & Procedures Manual. The approach
that provides the most desirable result shall be utilized.
c) Flood Control
Flood control is based on protecting life and property. Maintaining existing
hydrology effectively limits any significant increase in the frequency and intensity of
flooding as development occurs in a watershed, but out-of-bank flows are a natural
process and will still occur. Flood control requirements are enforced at two levels in
the state of Michigan depending on the size of the contributing watershed. For
smaller “local” watersheds (less than 2 square miles) flood protection criteria is left to
local agencies. While for larger “regional” watersheds (2 square miles or greater)
state mandated flood protection criteria must be met and requires consideration of the
100-year storm event as a function of preserving floodplain elevations as established
by FEMA for flood insurance purposes. The focus of flood protection then in this
document is based on the City of East Lansing’s specific requirements relative to
local flood protection with the understanding that these will also generally meet the
requirements for regional watersheds when state requirements are satisfied.
The goal of the City of East Lansing’s local flood control requirements is to mitigate
for changes that result from resulting land uses. Those efforts employed for Stream
Channel Protection as described above are deemed sufficient mitigation for events up
to the 2-year, 24-hour storm. However, protection against flooding is sought for
storms exceeding the 2-year, 24-hour event. As such, additional measures are
required to provide sufficient mitigation. Providing sufficient mitigation requires
consideration of a couple of key elements. The first is the effective conveyance
capacity of a defined channel or conduit. Second is the storage volume that is
available to hold excess runoff volume during storm events such that the peak rate of
discharge does not exceed the conveyance’s capacity. These two measures must be
coordinated to achieve the effective protection. The actual capacity of existing
conveyance measures may vary significantly depending on downstream constraints.
Therefore, the City of East Lansing Engineer should be consulted when determining
the capacity of any existing conveyance. Once the effective conveyance capacity is
determined, then the necessary storage volume may be calculated as the difference
between the pre and post development runoff volumes less the permissible discharge
to the conveyance during the storm event. The necessary storage for effective
mitigation may be provided in various ways so long as property damage is avoided
and potential hazards are minimized during the temporary periods that ponding will
occur and reoccur repeatedly over the long term.
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Flood Control Criteria is based on a determination of the volume of runoff for the
developed site condition corresponding to the 100 -year, 24-Hour storm event. From
this the volume that is captured and managed in various BMPs occurring on the site
may be subtracted. Additionally, the volume that is effectively routed as a discharge
from the site during the actual storm event may also be subtracted with appropriate
consideration for the timing of inflow/outflow routing. The Runoff Curve Number
Method commonly referred to as TR55, which was developed by the NRCS is the
preferred method determining the difference between the resulting site runoff volume
for pre and post development conditions. The NRCS Unit Hydrograph Method may
be employed depending on the complexity of the site and/or when credit for outlet
routing is sought.
Additional key requirements for flood protection includes: (1) providing a 1 foot
freeboard between the design flood storage elevation and any nearby structures or
other facilities that could suffer lasting damage if inundated with storm water; and (2)
providing a means of emergency overflow from the site with a corresponding
overflow pathway to a down gradient receiving body such that overflow can occur
with minimized potential of permanent damage as a result.
d) Water quality protection
Given the accepted increased potential for potentially harmful pollutants to run off of
the land as a result of development, there is a need to ensure that implemented storm
water management measures effectively negate this. The applied approach must
achieve an 80 percent reduction in post-development particulate associated pollutant
load as represented by Total Suspended Solids with an effluent of less than 80 mg/l of
Total Suspended Solids. It is worthy to note that the water quality volume may, but is
not always less than the channel protection volume, such that in many instances the
proper application of channel protection measures will negate the need to implement
separate additional measures for water quality treatment.
Water quality protection for the City of East Lansing is addressed through managing
the first one inch of runoff from the site. To calculate this volume, take the site area
in square feet and multiply by 1 inch divided by 12 inches per foot to come up with
the cubic footage of volume required. One or more BMPs are to be implemented
when necessary in a configuration that results in effective treatment for the required
volume.
The required water quality treatment volume may be reduced when specific measures
are integrated on the site in accordance with Section J, Stormwater Credits of the
Policy & Procedures Manual.
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e) Additional Design Criteria
Potentially one of the most cost effective ways to manage stormwater on a site is to
carefully select those areas of the site to be disturbed and then minimize the
disturbance of that portion of the site both in total area and the extent in any given
area to achieve the desired land use. Those portions of a site that are maintained in a
predevelopment state will not increase stormwater runoff, thus limiting the amount of
treatment necessary. Not disturbing areas meeting the description of “critical” or
“sensitive” is particularly important and beneficial.
Another beneficial option for many sites is either to “restore” previously disturbed
site areas back to a “pre-settlement” condition; or at least enhance/restore those areas
that are disturbed for development to as an impervious state as possible.

3. CALCULATING RUNOFF:
This following section describes those methods selected by the City of East Lansing as being
most practical and appropriate for meeting its specified requirements.
a) Methodologies for runoff volume calculations
As previously mentioned, the runoff curve number method is the preferred means for
calculating runoff volume. However, the small storm hydrology method, and various
infiltration models are considered valid alternatives that may be suitable in certain
instances, but will not be covered further here.
The Runoff Curve Number Method, sometimes referred to as TR55 and developed by
the Soil Conservation Service (now the Natural Resources Conservation Service), is
perhaps the most commonly used tool in the country for estimating runoff volumes.
In this method, runoff is calculated using the following formula:
Qv = (P-Ia)^2/(P-Ia)+S
where:
Q = runoff volume (in.)
P = rainfall (in.)
Ia=initial abstraction (in.)
S=potential maximum retention after runoff begins (in.)
Initial abstraction (Ia) includes all losses before the start of surface runoff: depression
storage, interception, evaporation, and infiltration. SCS has found that Ia can be
empirically approximated for typical land uses by:
Ia =0.2S
Therefore, the runoff equation becomes:
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Qv = (P-0.2S)^2 / (P+0.8S)
Finally, S is a function of the watershed soil and cover conditions as represented by
the runoff curve number (CN):
S = (1000/CN) -10
Therefore, runoff can be calculated using only the curve number and rainfall.
Curve numbers are determined by land cover type, hydrologic condition, antecedent
runoff condition (ARC), and hydrologic soil group (HSG). Curve numbers for various
land covers based on an average ARC for annual floods and Ia = 0.2S can be found in
Urban Hydrology for Small Watersheds (Soil Conservation Service, 1986).
All soil types fall into one of 4 hydrologic soil groups (A, B, C, or D). Some soils are
mapped with a dual specification such as A/D, B/D, etc. This refers to soils that are
specified as D soils in an undrained state and a specification with higher infiltration
capacity when they are drained. Note that the same hydrologic soil group must be
used to calculate both the predevelopment and the post-development runoff
conditions. The user must pick the most appropriate hydrologic soil group to apply to
both conditions. Often a single, area-weighted curve number is used to represent a
watershed consisting of subareas with different curve numbers. This approach is
acceptable only if the curve numbers are similar. When curve numbers differ by a
significant margin, the use of a weighted curve number significantly reduces the
estimated amount of runoff from the watershed. This is especially problematic with
pervious/impervious combinations “combination of impervious areas with pervious
areas can imply a significant initial loss that may not take place.” (Soil Conservation
Service, 1986) Therefore, the runoff from different subareas should be calculated
separately and then combined or weighted appropriately. At a minimum, runoff
volume from pervious and directly connected impervious areas should be estimated
separately for storms less than approximately four inches. (NJDEP, 2004 and
PADEP, 2006)
Hydrologic Soil Groups for Eaton, Ingham and Clinton County Soils
NOTE: Two soil
Hydrologic
Soil
Hydrologic
groups such as D/B
Group
Series
Group
indicates the
undrained/drained
condition Soil
Series
Adrian
D/A
Aurelius
D/B
Aubbeenaubbee
B
Blount
C
Berville
D/B
Boots
D/A
Bixby
B
Brady
B
Boyer
B
Brady
B
Brookston
D/B
Carlisle
D/A
Capac
C
Ceresco
B
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Celina
Cohoctah
Colwood
Conover
Fox
Gilford
Hillsdale
Keowns
Kibbie
Linwood
Macomb
Metamora
Miami
Napoleon
Oakville
Palms
Riddles
Selfridge
Sisson
Sloan
Spinks
Wallkill
Wasepi

C
D/B
D/B
C
B
D/B
B
D/B
B
D/A
B
B
B
D/A
A
D/A
B
B
B
D/B
A
D/C
B

Ceresco
Corunna
Corunna
Edwards
Glendora
Granby
Houghton
Lapeer
Lenawee
Marlette
Matherton
Metea
Morley
Oshtemo
Owosso
Parkhill
Sebewa
Shoals
Sims
Thetford
Tuscola
Winneshiek
Washtenaw

B
D/B
D/B
D/B
D/A
D/A
D/A
B
D/B
B
B
B
C
B
B
D/B
D/B
C
D
A
B
B
D/C

It is to be noted that the Curve Number Method is less accurate for storms that
generate less than 0.5 inch of runoff; the Soil Conservation Service (1986)
recommends using another procedure such as the Small Storm Hydrology Method (as
described in Chapter 9 of the Low Impact Development Manual for Michigan) as a
check for these situations. Application of such alternate method may be considered
when specific site conditions warrant.
b) Methodologies for peak rate/hydrograph estimations
There are numerous methods for estimating peak rate, including the Rational Method,
NRCS Unit Hydrograph method, and the Modified Unit Hydrograph Method. The
preferred method selected by the City of East Lansing shall be the NRCS (SCS) Unit
Hydrograph method or the Modified Unit Hydrograph Method when more appropriate
and convenient. In addition, the use of the Rational Method is permissible for
determination of discharge rate from small, highly impervious areas when convenient.
All calculations must utilize the same methodology for pre and post site conditions.
1) NRCS (SCS) Unit Hydrograph Method: In combination with the Curve Number
Method for calculating runoff volume, the Soil Conservation Service (now
NRCS) also developed a system to estimate peak runoff rates and runoff
hydrographs using a dimension-less unit hydrograph (UH) derived from many
natural unit hydrographs from diverse watersheds throughout the country (NRCS
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Chapter 16, 1972). As discussed below, the SCS methodologies are available in
several public domain computer models including the TR-55 computer model
(WinTR-55, 2005), TR-20 Computer Program (WinTR-20, 2005), and is an
option in the U.S. Army Corps of Engineers’ Hydrologic Modeling System
(HEC-HMS, 2006).
2) Modified Unit Hydrograph Method for Michigan: The Michigan Department of
Environmental Quality has developed a modified unit hydrograph method that
better represents conditions in Michigan and addresses the fact that the traditional
NRCS UH “consistently overestimates discharges when compared to recorded
gage flows for Michigan streams.” (Computing Flood Discharges For Small
Ungaged Watersheds, MDEQ 2008, available online at www.michigan.gov/documents/deq/lwm-scs_198408_7.pdf.
The result is a relatively simple equation for calculating the unit peak flow rate
from the time of concentration:
Qup = 238.6 x Tc-0.82
Where:
Qup= unit peak discharge (cfs per inch of runoff per square mile of drainage area)
Tc= time of concentration (hours) Note: Tc must be at least one hour. If Tc is less
than one hour, use TR-55 or HEC-HMS.
The unit peak discharge (cfs/in./mi2) calculated above can be converted to the
peak runoff rate (cfs) by multiplying by the drainage area in square miles and by
the runoff in inches (calculated by the Runoff Curve Number Method described in
section 9.2.1):
Qp = Qup x A x Qv
Where:
Qp= peak runoff rate (cfs)
A = drainage area (square miles)
Qv= total runoff volume from CN method (in.)
The Modified UH Method for Michigan is recommended for calculating the peak
rate of runoff for presettlement conditions and undisturbed areas.
3) The Rational Method: The Rational Method has been used for over 100 years to
estimate peak runoff rates from relatively small, highly developed drainage areas.
The peak runoff rate from a given drainage area is given by:
Qp = C x I x A
Where:
Qp= peak runoff rate (cubic feet per second, cfs)
C = the runoff coefficient of the area (assumed to dimensionless)
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I = the average rainfall intensity (in./hr) for a storm with a duration equal to the
time of concentration of the area
A= the size of the drainage area (acres)
The runoff coefficient is usually assumed to be dimensionless because one acreinch per hour is very close to one cubic foot per second (1 ac-in./hr = 1.008 cfs).
Although it is a simple and straightforward method, estimating both the time of
concentration and the runoff coefficient introduce considerable uncertainty in the
calculated peak runoff rate. For the purposes of the City of East Lansing’s
application of the Rational Method shall be according to that specified in the
Michigan Department of Transportation Drainage Manual (look for it in the
“Hydrology” chapter). In this case Tc = L / (60V). The acceptable types and
ranges of Runoff Coefficient values is however being expanded to those listed
below. Due to its acknowledged limited applicability, the Rational Method
should only be used to predict the peak runoff rate for small (up to ~ 5 acre),
highly impervious areas.
4) Rational Method Runoff Coefficient (C) Values:
Surface Cover

C Value

Qualifiers

Forest/woodland

from 0.05

Forest/woodland

to 0.20

flat slopes, well drained, Hyd. Soil
Group A
steeper grades, poorly drained, Soil
Group D

Asphalt

0.7

Asphalt

0.95

Concrete

0.8

Concrete

0.95

Gravel/Brick
Gravel/Brick

0.7
0.85

flat slopes (<0.5%) w/ A/B soils under
steeper slopes or C/D soils under or
poor drainage

Roofs

0.95

unless specially designed otherwise

Row Crop
Row Crop

from 0.44
to 0.72

good practice, flat slopes Soil Group A
poor practice, steeper slopes,
Soil Group D

aged, cracked surface, flat slopes w/ A/B
soils under
new or maintained surface
aged, cracked surface or flat slopes &
rough surface
good condition and/or moderately s
loped
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Small Grains
Small Grains

from 0.17
to 0.44

good practice, flat slopes, Soil Group A
poor practice, steeper slopes,
Soil Group D

Pasture/Fallow

from 0.26

Pasture/Fallow

to 0.38

uniform veg. cover, flat slopes, Soil
Group A
sparse veg. cover, steeper slopes, Soil
Group D

Meadow

0.1

Undisturbed w/ thick, tall veg.,
otherwise Pas/Fal

Park/Greenspace

from 0.15

Park/Greenspace

to 0.40

larger unbroken expanses, flatter
slopes, Group A
smaller, trafficked, steeper slopes,
Group D

Lawns/Playgrounds
Lawns/Playgrounds

from 0.2
to 0.5

larger, flatter slopes (<2%), Group A
small, sloping areas w/ Group D Soils

Water Surface

0

Water Surface

0.5

Water Surface

1

natural. lowlands w/ room to fluctuate &
self regulating
lowlands w/ defined overflow/outlet
elevation
any permanent pool directly regulated
by an outlet

* Where a specific value is indicated, the value that best corresponds to the listed
qualifiers must be used. Where range of values indicated, designer may select a
value within the range that takes into consideration the listed qualifiers as can be
justified to the reviewer.

4. COMPUTER MODELS FOR CALCULATING RUNOFF:
Numerous models are available that assist in estimating runoff from a site. These include:
• HEC Hydrologic Modeling System (HEC-HMS)
• SCS/NRCS Models: WinTR-20 and WinTR-55
• Storm Water Management Model (SWMM)
• Source Loading and Management Model (SLAMM)
While all of these computer models are acknowledged as viable methods, and may be applied
when appropriate for given circumstances, the primary and preferred model to be utilized for
determining requirements are the SCS/NRCS models.
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a) SCS/NRCS Models
WinTR-20 and WinTR-55 models are storm event surface water hydrologic models.
They can be used to analyze current watershed conditions as well as assess the impact
of proposed changes (alternates) made within the watershed. Direct runoff is
computed from watershed land areas resulting from synthetic or natural rain events.
The runoff is routed through channels and/or impoundments to the watershed outlet.
TR-20 applies the methodologies found in the Hydrology section of the National
Engineering Handbook (NRCS, 1969-2001), specifically the runoff Curve Number
Method and the dimensionless unit hydrograph. (SCS, 1992) .Technical Release 55
(TR-55) generates hydrographs from urban and agricultural areas and routes them
down-stream through channels and/or reservoirs. WinTR-55 uses the TR-20 model
for all of its hydrograph procedures. (NRCS, 2002).

5. PRECIPITATION DATA FOR APPLICATION IN STORMWATER
CALCULATIONS:
Accurate rainfall frequency data are necessary to determine a reliable design. The City of
East Lansing accepts the Rainfall Frequency Atlas of the Midwest (Huff and Angel, 1992) as
the most reliable, up to date source of rainfall frequency data. This is available for free
download at www.sws.uiuc.edu/pubdoc/B/ISWSB-71.pdf. The City of East Lansing is
located in Zone 9 of Michigan, the 24-hour event data for which is as follows:

Zone*
9

1-year
2.03

Rainfall frequencies, 24-hour duration (rainfall in inches)
2-year
5-year
10-year
25-year
50-year
2.42
2.98
3.43
4.09
4.63

6. DESIGN CALCULATIONS PROCESS:
The design calculations detailed below provide the steps necessary to perform a site analysis
and complete an appropriate storm water management design for the site.
a) Nonstructural BMP Reductions
Application of various nonstructural BMPs factor into the design calculations by
reducing the value of the CN for the corresponding portion of the contributing area.
The CN adjustments due to such application are determined in Worksheet 3.
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100-year
5.20

b) Flow Charts A & B
These charts are provided to help guide the user through the steps of the stormwater
calculation process, which is achieved through the completion of a series of
worksheets. The worksheets referenced in Flow Charts A and B were taken from the
LID Manual and are included herein.
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FLOW CHART A
Stormwater Calculation Process
Step 1: Complete Worksheet 1
Step 2: Map Existing Conditions and Sensitive Natural
Resources and complete Worksheet 2 to determine
credits for protecting sensitive Natural Resources

Step 3: Lay out the proposed
development avoiding protected areas.

Step 4: Select Non-Structural BMPs that
generate runoff reduction credits. Use
Worksheet 3 to determine credits.

Step 5: Calculate the Net Increase in
Runoff Volume.
(Complete Worksheet 4)

Step 6: Select applicable Structural BMPs to remove the
volume increase. Use Worksheet 5 to identify BMPs and
calculate volume reduction.

Step 7: Confirm that post-development peak
discharge rate does not exceed pre-development rate
for the 2-yr-24 hour channel protection and the 100year municipality flood protection storms. Complete
Worksheet 6 including determination of appropriate
detention storage for flood control.

Step 8: Determine Water Quality Volume and Select
Appropriate BMPs. Use Worksheet 7.
Proceed to Flow Chart B: Water Quality Process
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If offsets are
used, the BMPs
must remove 1.5
times the volume
required for onsite removal.

Flow Chart B
Water Quality Process
Yes

Is the project a potential
stormwater “hotspot”?

Apply appropriate
pretreatment and treatment
practices

No

Does design apply
volume controls to
meet channel
protection criteria?
Yes

Is at least 90%
of the disturbed
area controlled
by a BMP?

No

Yes
No
Calculate Water Quality
Volume using Worksheet 7 (first
flush).

Excessively drained
soils may require
additional
pretreatment to
ensure adequate
pollutant removal.

Select a series of BMPs that together provide
a necessary treatment for runoff from the site.
Size to treat water quality volume. (Worksheet
7)

Water Quality
Compliance

Water Quality
Compliance
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Step 1: Provide general site information
• This is basic identifying information, e.g., name, location, and watershed association.
Step 2: Map the existing features of the site
• More than one map may be necessary. Collect any necessary design information.
• Identify waterbodies, floodplains, and natural flow paths. Identify existing structures and
infrastructure. Identify hydrologic soil types. Show elevations and identify critical slopes of
15 percent to 25 percent and above 25 percent. Show areas of known contamination. Identify
karst topography and bedrock outcroppings.
• Identify the total area of impervious surface existing prior to development.
• Note the seasonal high groundwater level.
• Identify each type and the corresponding area of existing sensitive resource areas in the
chart on Worksheet 2. Identify the area of sensitive resource areas to be protected. Reference
the following nonstructural BMPs for guidance on properly protecting sensitive areas to
maintain their predevelopment state and runoff characteristics.
° Protect Sensitive Areas
° Protect Riparian Buffers
° Minimize Total Disturbed Area
° Protect Natural Flow Pathways
° Cluster Development
Total the sum of the protected sensitive areas from chart; subtract it from the total site area at
the bottom of Worksheet 2 to determine the resulting modified area of the site.
Step 3: Lay out the proposed development avoiding the protected areas
• If after the development is sited, additional sensitive areas are impacted, modify Worksheet
2.
Step 4: Determining the disturbed area size and volume of runoff
• Apply the following BMPs, as appropriate, to determine applicable adjustments to CN
values for various portions of the site.
° Minimize Soil Compaction
° Protection of Existing Trees (part of Minimize Total Disturbed Area)
° Soil Restoration
° Native Revegetation
° Riparian Buffer Restoration
• Determine any available credits and apply them to the site.
• Carry the adjusted CN values for the respective areas over to Worksheet 4.
Step 5: Calculate the level of volume control needed for channel protection
• On Worksheet 4 record the two-year 24-hour rainfall for your area as well as the Total Site
Area, Protected Site Area, and the Area to be Managed from Worksheets 2 and 3 in the
spaces provided. Record the predevelopment condition by filling in the area of each soil type
and cover type.
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• Calculate the runoff volume for the predevelopment condition of each soil type and cover
type using this formula:
Runoff Volume (ft3) = Qv x 1/12 x Area
Where
Qv = Runoff (in) = (P – 0.2S)2/(P + 0.8S)
P = 2 Year, 24 Hr Rainfall (in)
S = 1000/CN – 10• Sum the individual volumes to obtain the total predevelopment runoff
volume.
• Continue on Worksheet 4 to record the post-development area of each soil type and cover
type. Use the same formulas to calculate the post-development runoff volume for the site and
record in the space provided.
• Subtract the predevelopment runoff volume from the post-development runoff volume and
record the result in the space for “2 Year Volume Increase.” This is the volume that must be
removed by infiltration, interception, evaporation, transpiration or capture and reuse.
Step 6: Select volume control BMPs
• Worksheet 5 includes a list of the BMPs from this manual that provide volume removal and
tracks the volume removed of each practice and total sum of volume removed for all
practices. Select and Design Structural BMPs that provide volume control for the applicable
stream channel protection volume increase indicated on Worksheet 4. Indicate the volume
reduction provided by the proposed BMPs.
• Proceed to Flow Chart B, Peak Rate Calculations.
Step 7: Calculate peak rate control
• Use Worksheet 6 and the NRCS Unit Hydrograph Method (TR55/WinTR55 or other
appropriate runoff model) and determine peak rate control for all storms up to the 100-year
storm or according to local requirements.
• List the design criteria used (local requirement, LID guidance or other) and what it
specified.
• List the predevelopment and post-development peaks for each design storm in the space
provided.
• If time of concentration is more than one hour, the following formula can be used.
Qp = Qv * A * 238.6 * Tc-0.82
Where;
Qp = Peak flow rate in cfs
Qv = surface runoff in inches
A = Drainage area in square miles
Tc = Time of concentration in hours. If Tc is less than one hour, use TR-55 or HEC-HMS.
• Time of concentration shall be considered the time it takes a drop of water to move from
the furthest point in the disturbed area to its discharge from the disturbed area. Time of
concentration can be affected by adjusting the length or roughness of natural flow paths and
routing through BMPs. If time of concentration is kept constant for the predevelopment and
post development condition, the peak rate is completely dependent on the volume of surface
runoff and can be completely controlled by implementing additional volume control. Repeat
steps 5 and 6 for the larger storms and determine if additional volume control can be
implemented to control the peak rate.
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• Composite BMPs w/Routing. For optimal stormwater management, this manual suggests
widely distributed BMPs for volume, rate, and quality control. This approach, however, can
be very cumbersome to evaluate in detail with common computer models. To facilitate
modeling, similar types of BMPs with similar outlet configurations can be combined within
the model. For modeling purposes, the storage of the combined BMP is simply the sum of the
BMP capacities that it represents. A stage-storage-discharge relationship (including ongoing
infiltration) can be developed for the combined BMP based on the configuration of the
individual systems. The combined BMP(s) can then be routed normally and the results
submitted. BMPs that are grouped together in this manner should have similar drainage area
to storage volume ratios to ensure the individual BMPs function properly.
• Full BMP Routing including ongoing infiltration. For storms where additional volume
control is not possible or where the post-development Tc is shortened, select and design
BMPs that detain storm runoff and release at the predevelopment rate. See the Detention
BMP and Infiltration BMPs that are underdrained to a storm collection system or waterway.
• Proceed to Flow Chart B, Water Quality Process.
Step 8: Determine water quality volume and select appropriate BMPs.
• When the channel-forming volume is controlled with BMPs that also remove expected
pollutants, often no additional calculation or BMP implementation is necessary. If the
channel-forming volume is not controlled, calculate the water quality volume that provides
for the most reasonable amount of control of the volume carrying the most pollutants. Make
calculation using one inch of runoff from the developed portion of the site.
• The water quality volume calculation is necessary to ensure first flush treatment will be
effectively provided for each and every significant storm water outfall point from the site and
as a check to confirm that the required channel protection measures are covered the necessary
minimum volume. Use Worksheet 7 and record each contributing area needing treatment and
calculate the water quality volume. Select BMPs that will remove the expected pollutants for
the land use type. Often, multiple types of BMPs used in series will be required to provide
adequate treatment. Design the BMPs in conjunction with any detention control if possible.
As a guide, use a series of BMPs that will achieve 80 percent removal of solids or better.
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F. DETAILED BMP OPERATION & MAINTENANCE
REQUIREMENTS AND CHECKLISTS
1. INTRODUCTION
An effective inspection and maintenance program begins with a complete understanding of a
construction plan and how it was designed to meet water quality goals. Regardless of who
will be responsible for maintaining the facilities, a number of factors should be considered:
a) An inspector must be familiar with the physical requirements of a BMP.
Even before construction begins, the individual(s) responsible for construction and
maintenance inspections should become familiar with the various components of each
BMP in a treatment train. For manufactured water quality devices, this might include
studying a manufacturer’s installation and maintenance manual for information on
how a device operates, proper assembly, and life expectancy of any removable or
replacement components. For other control measures, knowledge of specific aspects
of each BMP (e.g. open or sealed joints, by-pass structures and alignment, potential
access concerns for cleaning, overflow operations) may be more important. The Fact
Sheets in Section D of this Manual are a good source of general information.
b) An inspector must understand why a particular control measure was included
and how it fits into the treatment train.
The Fact Sheets in Section D provide a board overview of classes of devices with
minimal detail concerning applicability to a particular site. The sheets help to create
an understanding of design criteria and benefits, as well as how they may be
beneficial for achieving water quality and quantity goals. Effective inspection
requires more exacting detail and must be based on how a BMP fits into a specific
site, as well as its relationship to other control measures. The checklists that follow
are based on application and are not organized in the same manner as the fact sheets.
Each checklist however does refer to the appropriate BMP Fact Sheet for background
information. The lists are designed to assist in developing a calculated inspection
program for each device.
c) During construction an inspector must become familiar with the abilities of the
installation contractor.
Attention to detail when a device is being installed can provide meaningful insight
into how effectively a device will operate in the future. A contractor who doesn’t
understand the total concept- or who fails to follow an approved plan- will likely
make mistakes that reduce efficiency or life expectancy. Proposed field changes
should be referred to the reviewing engineer, as well as any observations that suggest
a contractor may not be fully qualified to install the treatment devices.
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d) An inspector must be an advocate.
Construction is often complicated by unforeseen problems, and the construction
inspector responsible for implementation should be fully prepared to support the
approved plan. This may mean confronting a contractor (or even a developer’s
engineer) when deviations are observed. All changes must be accepted by the
engineer who approved the initial plan. The construction inspector must be aware of
contractual procedures for addressing deficiencies- including stopping work if
necessary- as well as any legal enforcement remedies available to a municipality.
e) An inspector is responsible for compiling detailed records.
Although most control devices have been thoroughly tested, they may react
differently under different circumstances. A detailed record of how a device was
installed, noting any problems encountered and how they were resolved, may lead to
design improvements for subsequent applications at other sites. And without written
documentation, legal recourse in contractual disputes may be impossible. Access to
installation records can also be valuable during subsequent maintenance and
maintenance inspection activity.

2. INDIVIDUAL CHECKLISTS FOR BMPS
Following are three sets of checklists designed as living documents and that may be amended
as needed to address conditions specific to a site, or to a particular application of a BMP
control measure. The first set is intended to provide insight for the plan reviewer for
effective implementation of a stormwater BMP. The second set consists of inspection sheets
that may be used by the municipal or private inspector during construction to be certain an
approved BMP is installed as designed. The final set of documents in this section are
designed to assist the inspector during subsequent maintenance reviews of each of the BMPs
addressed in this Manual, and may be used to create the required permanent inspection
record for the site. Each of the three sets of checklists are noted in the following matrix for
cross-reference:
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BMP Reviewer, Inspection & Maintenance Matrix

Design/Review

Construction Maintenance

Bioretention
Rain garden ..............................................................X.....................X.....................X
BMP fact sheet for bioretention (rain gardens)
Green roof .................................................................X.....................X.....................X
BMP fact sheet for vegetated roof
Capture reuse
Cistern and Elevated tank storage ...........................X (a) ...............X(a) ................X
Rain barrel ................................................................X (a) ...............X(a) ................X
BMP fact sheet for capture reuse
Detention
Dry pond; Dry extended pond ..................................X.....................X (a) ...............X
Wet pond ...................................................................X.....................X (a) ...............X
Constructed wetland ................................................X.....................X (a) ...............X
BMP fact sheet for detention basins
Constructed filters
Level spreader ..........................................................X.....................X (a) ...............X
BMP fact sheet for level spreaders
Filter berm ................................................................X.....................X (a) ...............X
Sand filter .................................................................X.....................X.....................X
BMP fact sheet for constructed filter
Infiltration
Dry well and Buried baffle.......................................X (a) ...............X ....................X
Infiltration basin ......................................................X (a) ...............X(a) ................X
Infiltration trench ....................................................X (a) ...............X(a) ................X
BMP fact sheet for infiltration practices
Pervious pavement
Porous cement and asphalt .......................................X.....................X.....................X
Paver brick; cable articulating; articulating block ...X ....................X.....................X
Reinforced turf .........................................................X ....................X.....................X
BMP fact sheet for pervious pavement with infiltration
Planter Box
Contained planter ....................................................X (a) ...............X (a) ...............X
Filtration planter and Infiltration planter .............X (a) ...............X (a) ...............X
BMP fact sheet for planter boxes
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Water quality device
Polishing chamber ....................................................X.....................X.....................X
Vortex separator ......................................................X (a) ...............X.....................
Mechanical filtration device ....................................X (a) .......................................X
BMP fact sheet for water quality devices
Vegetated filter
Filter strip .................................................................X(a) ................X (a) ...............X
Dry Swale, Wet Swale, Grass Channel ..................X(a) ................X (a) ...............X
BMP fact sheet for vegetated swale; BMP fact sheet for vegetated filter strip
Revegetation
Buffer and No mow areas ........................................X (a) ...............X…………...X(a)
Riparian buffer / Woodland plantings ...................X (a) ...............X…………...X(a)
BMP fact sheet for riparian buffer restoration
Replacement lawn areas; Native plantings .............X(a) ...................…………...X(a)
BMP fact sheet for native revegetation
Soil restoration .........................................................X(a) ................X…………...X(a)
BMP fact sheet for soil restoration

Note: (a) Information consolidated with another BMP
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DESIGNER/REVIEWER CHECKLISTS
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Designer / Reviewer Checklist for Rain Garden
Class: BIORETENTION
Treatment device: RAIN GARDEN
See also: BMP Fact Sheet for Bioretention (Rain Gardens)
Soil infiltration testing protocol
Appropriate areas of the site evaluated and identified
Infiltration rates measured and submitted for evaluation
Bioretention design guidelines
Minimum 2-foot separation between bed bottom and water table
Existing soil permeability within acceptable range
Under drain provided if permeability insufficient
Design includes under drain cleanouts (if applicable)
Bottom of bioretention bed protected from compaction- noted on plan
Level subgrade designed to enhance infiltration
Disturbances within rain garden areas minimized- restrictions shown on site plan
Hotspots identified with pretreatment components where necessary
Loading ratio below 5:1 (catchment to treatment area ratio)
Ponding depth limited to 18 inches
Drawdown time less than 48 hours
Positive over flow or bypass to stabilized surface or storm drain
Erosion controlled in surrounding areas
Construction sequence and process feasible
Erosion and revegetation
Incoming flow velocities non-erosive and controlled
Acceptable planting material specified
Design criteria
Treatment volume checked
Treatment calculations checked
Total area served less than one acre
Other
Construction inspection protocol sheet available
Proposed maintenance plan outline acceptable
Maintenance inspection protocol sheet available
Comments:
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Designer / Reviewer Checklist for Green (Vegetated) Roof
Class: BIORETENTION
Treatment device: GREEN ROOF
See also: BMP Fact Sheet for Vegetated Roof
Classification (see maintenance inspection sheet for green roof for explanation)
Intensive
Semi-intensive
Extensive
Structural
Adequacy of building structures certified by design engineer
Waterproofing membrane specified
Leak protection system specified (flashing detail, protection around vents, etc.)
Internal drainage designed for larger storm events (calculations provided)
Containment cells anchored on sloping roof
Protection provided to minimize wind erosion
Vegetation
Growing medium specified
Filter fabric specified to prevent soil leakage
Appropriate vegetation specified
Temporary irrigation measures specified
Design criteria
Treatment volume checked
Treatment calculations checked
Other
Construction inspection protocol sheet available
Proposed maintenance plan outline acceptable
Maintenance inspection protocol sheet available
Comments:
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Designer / Reviewer Checklist for Cisterns and Rain Barrels
Class: CAPTURE REUSE
Treatment device: CISTERNS, RAIN BARRELS
See also: BMP Fact Sheet for Capture Reuse
Cisterns and tanks
Stormwater collection area defined and quantified
Pretreatment provided to prevent clogging of orifices
Potential water reuse identified
Located to optimize potential for use
Seasonal draw down method specified
Pump schematics included for below grade installations; model and capacity specified
Overflow protection to stabilized surface or storm drain
Overflow pipe from elevated tank structure anchored at base
Observation port provided; accessible (including safety features)
Rain barrel
Stormwater collection area defined and quantified
Pretreatment provided to prevent clogging of orifices
Seasonal draw down method specified
Located on stable surface (type specified) sloped away from structures
Overflow protection to stabilized surface or storm drain
Design criteria
Treatment volume checked
Treatment calculations checked
Other
Construction inspection protocol sheet available
Proposed maintenance plan outline acceptable
Maintenance inspection protocol sheet available
Comments:
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Designer / Reviewer Checklist for Detention Basins
Class: DETENTION
Treatment device: DRY OR DRY EXTENDED DETENTION BASIN
See also: BMP Fact Sheet for Detention Basins
Physical criteria
Location practical for stormwater mitigation
Adequate land surface area for basin and maintenance corridor
Hotspots identified on plan
Soil borings to prevent groundwater contamination
Access from a public street or alley
Stable inflow points from catchment area
Structural
Two- stage treatment provided
Outfall to storm drain or open channel (approved by regulating authority)
Outfall to wetland (approved by state)
Outlet structure accessible during high water
Trash rack over outlet from basin to prevent blockage
Overflow protection to stable ground
Forebay to treat first flush (including design calculations)
Basin side slopes 3:1 or flatter
Maintenance equipment staging area flat or reverse graded from basin side slopes
Permanent sediment depth benchmark shown on plan
Design criteria
Treatment volumes (pretreatment and total treatment) checked
Adequate length to width ratio
Depth minimized to prevent long term inundation
Calculations supporting size and slope of outlet and overflow
Drawdown time less than 72 hours
Outlet and overflow calculations included on plan sheet
Vegetation specified consistent with eco-region and soil conditions
Construction
Soil compaction in bottom of basin minimized
Disturbances around basin minimized
Adequate erosion protection at inlets from catchment area
Appropriate revegetation procedure and plants
Other
Construction inspection protocol sheet available
Proposed maintenance plan outline acceptable
Maintenance inspection protocol sheet available
Comments:
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Designer / Reviewer Checklist for Detention Basins
Class: DETENTION
Treatment device: WET POND
See also: BMP Fact Sheet for Detention Basins
Physical criteria
Location practical for stormwater mitigation
Adequate land surface for basin and maintenance corridor
Water supply adequate to maintain water depth
Underlying soils relatively impervious (soil borings required)
Access available from a public street or alley
Stable inflow points from runoff catchment area
Method for de-watering specified (may include underdrain)
Structural
Two- stage treatment provided
Outfall to storm drain or open channel (approved by owner if necessary)
Outfall to wetland (approved by state)
If to open water, micro-pool design included with minimal velocity
Outlet structure (if included) accessible during high water
Trash rack over outlet from basin to prevent blockage
Overflow protection to stable ground
Basin side slopes 3:1 or flatter with safety benches
Permanent sediment depth benchmark show on plan
Design criteria
Forebay treatment volume checked
Total runoff treatment volume checked
Adequate length to width ratio
Outlet and overflow calculations included on plan sheet
Construction
Maximum protection of native plants in upland areas around basin during construction
Adequate erosion protection at inlets from catchment area
Appropriate revegetation procedure and plants
Other
Construction inspection protocol sheet available
Proposed maintenance plan outline acceptable
Maintenance inspection protocol sheet available
Comments:
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Designer / Reviewer Checklist for Detention Basins
Class: DETENTION
Treatment device: CONSTRUCTED WETLAND
See also: BMP Fact Sheet for Detention Basins
Physical criteria
Adequate drainage collection area to maintain permanent water depth
Underlying soils relatively impermeable
Appropriate varying water depth to maximize plant diversity
Accessible from a public street or alley
Stable inflow points from catchment area
Forebay pretreatment provided
Buffer area around wetland identified on plan (minimum 25 feet)
Structural
Outfall to storm drain or open channel (approved by owner)
If to open channel, micro-pool design provided with minimal velocity
Safety benches detail provided
Constructed outfall specified consistent with design standards
Outlet structure (if included) accessible during high water
Trash rack over outlet to prevent blockage
Overflow protection to stable ground
Acceptable side slopes
Permanent sediment depth benchmark shown on plan
Design criteria
Ratio of length to width acceptable
Pretreatment volume checked
Total runoff treatment volume checked
Adjustable permanent pool and dewatering mechanism specified
Outlet and overflow calculations included on plan sheet
Construction
Maximum protection of native plants in upland area around basin during construction
Adequate erosion protection at inlets from catchment area
Appropriate revegetation procedure and plants
Other
Construction inspection protocol sheet available
Proposed maintenance plan outline acceptable
Maintenance inspection protocol sheet available
Comments:
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Designer / Reviewer Checklist for Above Grade Constructed Filters
Class: CONSTRUCTED FILTER
Treatment device: LEVEL SPREADER
See also: BMP Fact Sheet for Level Spreaders
Physical criteria
Stormwater flow concentrations from contributing area minimized
Spreader located over undisturbed subgrade soil (fill areas not acceptable)
Downstream slope stabilized (if discharging to natural area)
Includes forebay or vegetated filter to remove coarse sediments during first flush
Energy dissipaters firmly anchored in settling area at base of spreader
Plan sheet specifies cut or crushed limestone for energy dissipation
Design criteria
Proposed length and width supported by design runoff calculations
Erosion control liner installed and keyed to prevent dislodging
Cut stone dissipater size appropriate for expected velocities
Variable size stone to anchor assembly in flow channel
Construction
Maximum protection of native plants in upland area around basin during construction
Adequate erosion protection at inlets from catchment area
Size and location of vegetative filter shown on plan
Appropriate revegetation procedure and plants
Other
Construction inspection protocol sheet available
Proposed maintenance plan outline acceptable
Maintenance inspection protocol sheet available
Comments:
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Designer / Reviewer Checklist for Above Grade Constructed Filters
Class: CONSTRUCTED FILTER
Treatment device: FILTER BERM
See also: BMP Fact Sheet for Constructed Filter
Physical criteria
Stormwater catchment area stabilized
Vegetation appropriate for eco-region and soils
Berm keyed into subsoil to prevent piping
Slope downstream from bypass stabilized
Shallow linear forebay to remove coarse sediments during first flush
Forebay outlets to undisturbed, stabilized slope
Design criteria
Adequate hydraulic head available to maximize filtration
Drawdown time less than 48 hours
Height no greater than 24 inches
Linear forebay to bypass at 0% grade to promote filtration
Berm material specified (compost / topsoil mixture for adhesion and filtration)
4-inch topsoil layer for plant establishment
If diversion berm, appropriate non-woody vegetation to permanently stabilize
If woodland berm, minimal disturbance to existing trees and shrubs
Construction
Maximum protection of native plants in upland area around basin during construction
Adequate erosion protection in catchment area upstream from berm installation
Appropriate revegetation procedure and plants for berm slopes and forebay
Other
Construction inspection protocol sheet available
Proposed maintenance plan outline acceptable
Maintenance inspection protocol sheet available
Comments:
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Designer / Reviewer Checklist for Below Grade Constructed Filters
Class: CONSTRUCTED FILTER
Treatment device: SAND FILTER
See also: BMP Fact Sheet for Constructed Filter
Physical criteria
Plan specifies type (infiltration or non-infiltration)
Adequate hydraulic head for efficient filter operation
Size and location appropriate for site
Stormwater catchment area stabilized to minimize sediment transport
Located in undisturbed soil (fill areas not acceptable)
2-foot separation to ground water
Outlet for underdrain readily accessible
Pretreatment upstream from filter to prevent clogging
Non-erosive flow velocities into filter bed
Embankment slopes non-erosive
Vegetated buffer zone surrounding entire filter
Design criteria
72-hour drawdown time (both types)
Coarse gravel bed below filter medium
Adequate depth of filter medium
Underdrain at 0% grade (non-infiltration type)
If applicable, underdrain includes cleanout; marked
If non-infiltration type, non-woven geotextile separator provided
If filtration type, underlying soils naturally porous to meet drawdown time requirement
Construction
Maximum protection of native plants in upland area around basin during construction
Adequate erosion protection in catchment area upstream from berm installation
Appropriate revegetation procedure and plants in buffer area
Other
Construction inspection protocol sheet available
Proposed maintenance plan outline acceptable
Maintenance inspection protocol sheet available
Comments:
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Designer / Reviewer Checklist for Mechanical Infiltration
Class: INFILTRATION
Treatment device: DRY WELL; BURIED BAFFLE
See also: BMP Fact Sheet for Infiltration Practices
Physical criteria
Soil porosity measured in appropriate locations
Infiltration rate measured (test results submitted)
Minimum 2-foot separation to ground water
Outside influence area of water wells and structures
No hot spots on site or hot spots pretreated
Protected from debris (pretreatment required)
Access with observation port for cleaning
Design criteria
Sized for catchment area (5:1 loading ratio)
48-hour drawdown (bypass provided if unable to meet drawdown requirement)
Positive overflow or bypass to stabilized surface or storm drain
Set on relatively undisturbed stable soil
Design criteria (baffle)
Level infiltration bed
Open bottom, open joint or perforated pipe specified
Geotextile fabric specified
Clean, open graded aggregate specified
Inspection ports suitable for cleanout; access from street or alley
Backfill material and compaction per manufacturer’s specification
Sufficient cover to meet load requirements
Construction
Underlying soils protected from compaction during construction (noted on plan)
Maximum protection of native plants in upland area around basin during construction
Adequate erosion protection in catchment area upstream from berm installation
Other
Construction inspection protocol sheet available
Proposed maintenance plan outline acceptable
Maintenance inspection protocol sheet available
Comments:
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Designer / Reviewer Checklist for Infiltration
Class: INFILTRATION
Treatment device: INFILTRATION BASIN; INFILTRATION TRENCH
See also: BMP Fact Sheet for Infiltration Practices
Physical criteria
Infiltration rates measured in appropriate locations
Measured infiltration rates suitable for 48-hour drawdown requirement
Minimum 2-foot separation to ground water
Outside influence area of water wells and structures
No hot spots on site or hot spots pretreated
Protected from debris (pretreatment required)
Access to underdrain for cleaning
Design criteria
Sized for catchment area (5:1 loading ratio)
48-hour drawdown
Positive overflow or bypass to stabilized surface or storm drain
Level infiltration layer over undisturbed subgrade
Filter media specified
Inspection ports (if supplemented with underdrain) included
Pipe backfill material (where specified) per manufacturer’s specification
Protective vegetative buffer sufficient width around perimeter to prevent clogging
Construction
Underlying soils protected from compaction during construction (noted on plan)
Maximum protection of native plants in upland area around basin during construction
Adequate erosion protection in catchment area upstream from berm installation
Other
Construction inspection protocol sheet available
Proposed maintenance plan outline acceptable
Maintenance inspection protocol sheet available
Comments:
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Designer / Reviewer Checklist for Pervious Pavement
Class: PERVIOUS PAVEMENT
Treatment device: POROUS CEMENT / ASPHALT
See also: BMP Fact Sheet for Pervious Pavement with Infiltration
Physical criteria
Soil infiltration tested in appropriate locations
Slope compatible with location
Requires 48-hour drawdown time
Minimum 2-foot separation to ground water
Outside influence area of water wells and structures
No hot spots on site or hot spots pretreated
Design criteria
Sized for catchment area (5:1 loading ratio)
Underlying subsoil relatively undisturbed; not compacted
Level infiltration bed; maximum storage depth 24 inches
Geotextile fabric specified
Filter media specified
If equipped with underdrain, positive outlet to daylight or storm drain
If outlet to daylight, rodent guard specified
Pipe backfill material (where specified) per manufacturer’s specification
Protective grass buffer sufficient width to prevent clogging
Type of pavement suitable for area and use
Weight bearing ratio appropriate
Construction sequence and process feasible
Construction
Underlying soils protected from compaction during construction (noted on plan)
Adequate erosion protection in catchment area upstream from berm installation
Other
Construction inspection protocol sheet available
Proposed maintenance plan outline acceptable
Maintenance inspection protocol sheet available
Comments:
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Designer / Reviewer Checklist for Pervious Pavement
Class: PERVIOUS PAVEMENT
Treatment device: PERMEABLE PAVER
See also: BMP Fact Sheet for Pervious Pavement with Infiltration
Physical criteria
Type of paver specified suitable for location and use
Slope compatible with intended use
Soil infiltration tested in appropriate locations
48-hour drawdown time
Minimum 2-foot separation to ground water
Outside influence area of water wells and structures
No hot spots on site or hot spots pretreated
Design criteria
Sized for catchment area (5:1 loading ratio)
Underlying subsoil undisturbed
Infiltration bed lightly compacted and level
Maximum storage depth 24 inches with 48-hour drawdown time
Geotextile fabric specified
Filter media specified
If equipped with underdrain, positive outlet to daylight or storm drain
If outlet to daylight, rodent guard specified
Pipe backfill material (where specified) per manufacturer’s specification
Protective grass buffer sufficient width to prevent clogging
Weight bearing ratio appropriate for design use
Construction sequence and process feasible
Construction
Underlying soils protected from excessive compaction during construction (noted on plan)
Adequate erosion protection in catchment area upstream from berm installation
Other
Construction inspection protocol sheet available
Proposed maintenance plan outline acceptable
Maintenance inspection protocol sheet available
Comments:
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Designer / Reviewer Checklist for Pervious Pavement
Class: PERVIOUS PAVEMENT
Treatment device: REINFORCED TURF
See also: BMP Fact Sheet for Pervious Pavement with Infiltration
Physical criteria
Type of paver specified
Soil infiltration tested in appropriate locations
48 hour drawdown time
Minimum 2-foot separation to ground water
Outside influence area of water wells and structures
No hot spots on site or hot spots pretreated
Design criteria
Sized for catchment area (5:1 loading ratio)
Underlying subsoil undisturbed
Geotextile fabric specified
Granular filter media layer specified (6”-8” leveled in place)
Planting course media specified (extends 1-inch below bottom of paver)
Type of reinforced turf component appropriate for intended use
Construction sequence and process feasible
Seed mixture specified
Construction
Underlying soils protected from excessive compaction during construction (noted on plan)
Adequate erosion protection in catchment area upstream from berm installation
Other
Construction inspection protocol sheet available
Proposed maintenance plan outline acceptable
Maintenance inspection protocol sheet available
Comments:
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Designer / Reviewer Checklist for Planter Boxes
Class: PLANTER BOX
Treatment device: CONTAINED, FILTRATION, INFILTRATION PLANTERS
See also: BMP Fact Sheet for Planter Boxes
Physical criteria
Soil infiltration testing protocol followed if required
48 hour drawdown time
Minimum 2-foot separation to ground water (infiltration planter)
10-foot setback from buildings
Adequate separation from water wellheads
Inflow velocities controlled
Weep holes with soil particle filter material provided
Design criteria
Subsoil undisturbed (infiltration planter)
Geotextile fabric (if required) specified
Uniform 6-inch granular subbase (infiltration planter)
Perforated underdrain (if specified) to positive outlet; size correctly with cleanouts
Composted planting medium specified on plan
Volume capture met (flow through planter)
Minimum 4-inch mulch layer above planting medium (minimize transpiration)
Plantings suitable for location
Construction
Underlying soils protected from excessive compaction during construction (noted on plan)
Box component design and material acceptable
Other
Construction inspection protocol sheet available
Proposed maintenance plan outline acceptable
Maintenance inspection protocol sheet available
Comments:
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Designer / Reviewer Checklist for Water Quality Devices
Class: WATER QUALITY DEVICE
Treatment device: POLISHING CHAMBER
See also: BMP Fact Sheet for Water Quality Devices
Physical criteria
Purpose stated on plan (first flush; mitigating site specific conditions)
Location accessible to equipment; access hatch for cleaning
Suitably placed in treatment train
Positive overflow protection
Design criteria
Bypass sized for storm design runoff event
Treatment volume meets first flush requirement
Material bedding and backfill specified
Chamber construction material specified
Anchor to prevent floating (optional)
Pretreatment to remove coarse debris and trash
Construction
12-inch CIP subgrade material for stability
Sheer guards to protect flexible connections
Other
Construction inspection protocol sheet available
Proposed maintenance plan outline acceptable
Maintenance inspection protocol sheet available
Comments:
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Designer / Reviewer Checklist for Water Quality Devices
Class: WATER QUALITY DEVICE
Treatment device: VORTEX SEPARATOR; MECHANICAL FILTRATION
See also: BMP Fact Sheet for Water Quality Devices
Physical criteria
Limited treatment area
Location accessible; access hatch for cleaning
Suitably placed in treatment train
For integrated manhole installation, interior finish meets municipal specifications
Design criteria
Type of device specified
Bypass sized for storm drain conveyance design
Treatment volume meets first flush requirement
12-inches CIP granular base material for stability
Backfill material meets municipal specification (gravity systems)
For vortex device, concrete backfill to 12-inches above integrated base (counter buoyancy)
Removable filter insert (mechanical filtration) accessible
Filter insert alignment doesn’t interfere with outlet
Construction
Manufacturer’s recommendations followed
Sheer guards to protect flexible connections
Maintenance access opening aligned with cleaning ports
Other
Construction inspection protocol sheet available
Proposed maintenance plan outline acceptable
Maintenance inspection protocol sheet available
Comments:
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Designer / Reviewer Checklist for Vegetated Filters
Class: VEGETATED FILTER
Treatment device: VEGETATED SWALE; FILTER STRIP (wet and dry)
See also: BMP Fact Sheets for Vegetated Filter Strip; Vegetated Swale
Physical criteria
Located in virgin soil
Sheet flow into filter
Non-erosive filter bottom slope (1 – 5%)
Length of flow path adequate for treatment
Catchment area and slope limited
Design criteria
Freeboard adequate to convey a 10-year runoff event (non-erosive)
48-hour drawdown time
Side slopes 3:1 or flatter
If combined with infiltration, underdrain with cleanouts included
Check dams keyed into bottom when slope exceeds 3%
Construction
Erosion controlled in catchment area
Grading and planting sequence specified on plan (limited exposure)
Other
Construction inspection protocol sheet available
Proposed maintenance plan outline acceptable
Maintenance inspection protocol sheet available
Comments:
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Designer / Reviewer Checklist for Revegetation
Class: REVEGETATION
Treatment device: RIPARIAN BUFFER and WOODLAND PLANTINGS; BUFFER and NO MOW AREAS
See also: BMP Fact Sheets for Riparian Buffer Restoration; Native Revegetation
Physical criteria
Located in undisturbed area adjacent to stream or sensitive area
Slope through buffer non-erosive
Incoming stormwater concentrations abated through pretreatment
Design criteria
Comprehensive site map for plantings prepared
Soil analysis performed
Vegetation suited to soils and eco-region
Seasonality of plants considered
Appropriate balance of woody and herbaceous species
Concentrated flow across buffer avoided
Construction
Buffer area marked “restricted- no equipment” on plan
Construction sequence specified
Sheet flow from adjacent upland areas temporarily diverted during plant germination
Other
Construction inspection protocol sheet available
Proposed maintenance plan outline acceptable
Maintenance inspection protocol sheet available
Conservation easement (if applicable)
Comments:
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Designer / Reviewer Checklist for Revegetation
Class: REVEGETATION
Treatment device: SOIL RESTORATION; LAWN REPLACEMENT; NATIVE PLANTINGS
See also: BMP Fact Sheet for Soil Restoration
Physical criteria
Soil PH suitable for restoration
Degree of compaction considered
Sensitive areas identified for protection
Design criteria
Soil analysis performed
Appropriate soil amendments and amounts added
Planting bed scarified to promote seed / soil contact
Vegetation suitable for soil PH and eco-region
Construction
Sensitive areas marked on plan
Sequencing to promote early stabilization
Runoff from adjoining areas temporarily diverted or detained for controlled release
Other
Construction inspection protocol sheet available
Proposed maintenance plan outline acceptable
Maintenance inspection protocol sheet available
Comments:
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CONSTRUCTION INSPECTION CHECKLISTS
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BMP Construction Inspection Report

Ref.: BMP FACT SHEET FOR BIORETENTION (RAIN
GARDENS)

Class of BMP: BIORETENTION
Type: RAIN GARDEN

Project Name / Location:

Date / Time:

Inspector:

Construction Considerations

Tracking No.:

Meets
specification

Installation
approved

Add'l work
required

Set back and size requirements
Structural Components
Perforated underdrain bedded in gravel filter
(filtration system)
Cleanouts accessible and capped to protect
from debris (filtration system)
Positive outlet for underdrain
Overflow control installed for flood
protection
Scour protection at all points of discharge
Flow velocities controlled at all inlets to
biofilter
Filter Components
Subgrade scarified / not compacted; level
Non-woven geotextile separating growing
medium from granular bed filter
24-inches minimum depth soil growing
medium
4-inches composted mulch to protect
plantings
Vegetation
Plant plug density for soil surface protection
Permanent vegetation per landscape plan
Surrounding Environment
Runoff from contributing surfaces stabilized
Temporary pre-treatment BMP's installed
Concentrated flows minimized or diverted
Buffer plantings to protect biofilter
Signage

AFTER FILTER IS FULLY VEGETATED
Temporary pre-treatment BMP's removed
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Comment

BMP Construction Inspection Report
Class of BMP: BIORETENTION

Ref.: BMP FACT SHEET FOR VEGETATED ROOF

Type: GREEN ROOF

Project Name / Location:

Date / Time:

Construction Considerations

Inspector:
Meets
specificatio
n

Installatio
n
approved

Add'l
work
required

Tracking No.:

Structural (certified by engineer)
Load and structural capacity analyzed
Waterproofing membrane installed and
sealed
Internal drain system installed per plan
Geotextile containment fabric installed as
specified
Detailing (flashings, edging, confinement
cells)
Confinement cells stabilized to prevent
movement
Overflow discharge to stable ground
Vegetation (certified by landscaper)
Growing medium depth and composition
as specified
Plantings healthy, robust
Temporary irrigation measures installed
Temporary/permanent wind protection
measures installed
Other
Inspection procedure in place until
vegetation is established
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Comment

BMP Construction Inspection Report
Class of BMP: CAPTURE REUSE

Ref.: BMP FACT SHEET FOR CAPTURE REUSE

Type: CISTERNS, TANKS, RAIN BARRELS
Date / Time:

Construction Considerations

Inspector:
Meets
specificatio
n

Project Name / Location:
Installatio
n
approved

Add'l
work
required

Tracking No.:

Device as approved for site
Inlets screened for pretreatment
Overflow protection installed
Pre-filtering BMP operational (if
applicable)
Disturbed areas stabilized
Pump (if applicable) sized and installed
correctly
BURIED CISTERN
Backfill compacted to resist settling
Secured access port for cleaning
Sound overflow connection to storm
drain
Marked "Irrigation Water Only"
ELEVATED TANK (for roof drains)
Footings approved by engineer
On-site modifications approved by
engineer
Inlet and outlet connections secure
Overflow pipe anchored near ground
level
Water level sight gauge
Access hatch secured
Provision for seasonal drawdown
RAIN BARREL
Positive slope away from buildings
Set on stable base
Lid compatible with manufactured
structure
Overflow discharge to stable surface
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BMP Construction Inspection Report
Class of BMP: DETENTION
Type: CONSTRUCTED WETLAND, DRY POND, WET
BASIN
Date / Time:

Ref.: BMP FACT SHEET FOR DETENTION BASINS
Project Name / Location:

Inspector:

Construction Considerations

Meets
specification

Installation
approved

Add'l
work
required

Sensitive areas isolated on site
Outfall drain stabilized at point of discharge
Trash rack (if applicable) securely installed
Flood protection channel graded; stabilized
Embankment slopes graded; stabilized
Overbank wash to basin slopes controlled
Forebay constructed with non-erosive outlet
control
Non-erosive discharges to forebay
Surface inlets to forebay drains protected
Certified seed / fertilizer analysis
Access drive
Signage as required
Sediment depth benchmark elevation verified
CONSTRUCTED WETLAND
Outlet structure / surface outfall stabilized
De-watering device installed per plan (opt.)
Wetland plantings certified by plant specialist
Buffer zone (marked "no mowing")
DRY POND
Bottom compaction minimized (scarify as
needed)
Low flow distribution channel stabilized
Side slopes stabilized
WET BASIN
Structural / surface outlet stabilized
De-watering device installed / operational
Buffer zone (marked "no mowing")
Safety benches installed per plan
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Tracking No.:
Comment

BMP Construction Inspection Report

Ref.: BMP FACT SHEET FOR CONSTRUCTED FILTER
BMP FACT SHEET FOR LEVEL SPREADERS

Class of BMP: CONSTRUCTED FILTER
Type: LEVEL SPREADER, FILTER BERM
Date / Time:

Construction Considerations

Project Name / Location:
Inspector:
Meets
specificatio
n

Installatio
n
approved

Add'l
work
required

Tracking No.:

Sensitive areas isolated
Construction disturbances stabilized
Undisturbed cover (>90%) downstream
Size and location as specified
Incoming concentrated flows and velocities
minimized
LEVEL SPREADER
Located on undisturbed subgrade
Non-biodegradable turf reinforcement liner
Liner keyed all edges
Limestone cobble "locked" into place
Bypass (if applicable) stabilized
FILTER BERM
Side slopes equal to 1:3
Compaction of berm material and bedding
minimal
Berm stabilized with grass plantings
Minimal disturbance of native trees and
shrubs
Silt fence between berm and swale
(temporary)
Shallow swale graded across uphill side of
berm
Bypass directed to undisturbed vegetation
Contributing hillside or swale planted and
stabilized (before directing flow to berm)
AFTER SITE IS REVEGETATED
Temporary silt fence removed
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Comment

BMP Construction Inspection Report

Ref.: BMP FACT SHEET FOR INFILTRATION
PRACTICES
BMP FACT SHEET FOR
CONSTRUCTED FILTER

Class of BMP: CONSTRUCTED FILTER
Type: SAND FILTER

Project Name / Location:

Date / Time:

Construction Considerations

Inspector:
Meets
specificatio
n

Installatio
n
approved

Add'l
work
required

Sized and located correctly
Structural components
Outlet to stabilized surface with energy
dissipation
Depth as approved
Filtering media as specified
Type: FILTRATION
4:1 embankment slopes to prevent erosion
Linear forebay to promote sediment deposition
Overflow protection to undisturbed ground
Embankment slopes revegetated
Type: INFILTRATION
Impervious liner to prevent contact with
groundwater (optional)
Perforated underdrain in porous envelope
Sediment collection chamber for cleaning
Pipe discharge to daylight
Surrounding Environment
Surface water collection area stabilized
Signage
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Tracking No.:
Comment

BMP Construction Inspection Report
Class of BMP: INFILTRATION

Ref.: BMP FACT SHEET FOR INFILTRATION PRACTICES

Type: DRY WELL, BURIED BAFFLE
Date / Time:

Construction Considerations

Project Name / Location:
Inspector:
Meets
specificatio
n

Installatio
n
approved

Add'l
work
required

Tracking No.:

Size, location and depth as approved
Pretreatment devices operational
Installation
Construction area stabilized
Contributing surface inlets protected
Overflow to storm drain or stable surface
Clean, washed open-graded aggregate
for filtration
DRY WELL (prefabricated)
Bedding compacted
Device wrapped in fabric
Compacted gravel or sand backfill
Standing water observation wellhead
marked
Pretreatment (required)
Inlets to dry well screened; accessible for
cleaning
Integrated sediment sump clean; outlet to
filter device screened
Secured access for cleaning
BURIED BAFFLE
Pipe and bedding as approved
Backfill CIP per manufacturer's
specifications
Pipe visibly inspected for deformaties
(pre- and post-construction)
Inspection manholes with cleaning sumps
Manhole covers aligned with openings
and steps
Bypass to storm drain for flood control
Pretreatment (recommended)
Pre-treatment devices operational
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Comment

BMP Construction Inspection Report

Ref.: BMP FACT SHEET FOR INFILTRATION
PRACTICES

Class of BMP: INFILTRATION
Type: INFILTRATION TRENCH OR BASIN
Date / Time:

Project Name / Location:
Inspector:

Construction Considerations

Meets
specification

Installation
approved

Add'l
work
required

Size, location and installation as approved
Pre-treatment BMP's functional
Non-erosive inlets to filtration bed
Overflow connection secure / stabilized
Inlets marked "Restricted - Infiltration Only"
Surface access to underdrain secured
W.Q. risers set to design elevation
Embankment / contributing slopes stabilized
Signage
INFILTRATION TRENCH (pretreatment required)
Undisturbed or uncompacted soil below pipe
trench
Perforated underdrain with filter cloth
Underdrain set in compacted granular material to
preserve alignment, capacity
Underdrain set to correct depth
Inspection ports and cleanouts with sumps
Filter separation cloth above pipe trench
1-2" dia. filter stone to approved depth
6" uncompacted topsoil for bedding
Vegetation
INFILTRATION BASIN (pretreatment
recommended)
Undisturbed or uncompacted soil below
underdrain
Granular backfill with geotextile separation
Uncompacted / scarified soil across width of basin
Soil amendments to promote infiltration
Surface revegetated
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Tracking No.:
Comment

BMP Construction Inspection Report

Ref.: BMP FACT SHEET FOR PERVIOUS PAVEMENT
WITH INFILTRATION

Class of BMP: PERVIOUS PAVEMENT
Type: POROUS CEMENT / ASPHALT
Date / Time:

Construction Considerations

Project Name / Location:
Inspector:
Meets
specificatio
n

Installatio
n
approved

Add'l
work
required

Tracking No.:

Location as approved
Runoff contribution area stabilized
Adjacent surface areas restored and
stabilized
Isolated from construction traffic to prevent
compaction
Level infiltration bed (if applicable)
Storm Underdrain
Pipe size, grade and bedding as approved
Installation methods meet municipal
construction standards
Non-woven geotextile liner separating pipe
bedding from filter material
Outfall stabilized at point of discharge
Cleanout sumps installed; capped
Porous Filter
Granular filter material level; approved by
engineer
Final cement / asphalt installation
approved by engineer
Infiltration test conducted after installation
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Comment

BMP Construction Inspection Report
Class of BMP: PERVIOUS PAVEMENT
Type: PERMEABLE PAVER

Ref.: BMP FACT SHEET FOR
PERVIOUS PAVEMENT WITH
INFILTRATION
Project Name / Location:

Date / Time:

Inspector:
Meets
specification

Construction Considerations
Materials and location
Subgrade leveled / compacted
Under Drains (if applicable)
Positive outlet to stable surface
Woven geotextile liner over rough grade
LANDSCAPE PAVER (for light traffic, bike trails, pedestrian walkways)
Sand leveling course / minimal compaction
Paver blocks installed level
Sand backfill in voids between blocks
CABLE CONNECTED ARTICULATING PAVER (for moderate to heavy vehicular
traffic)
Sand leveling course compacted
Paver voids filled with sand, gravel or topsoil
Construction disturbances stabilized
ARTICULATING BLOCK PAVER (for slope protection and erosion prevention)
Pavers sound (no broken lock tabs)
Sand leveling course compacted
Batterboard(s) installed to guide installation
Paver voids filled with topsoil
Revegetation
Silt fence installed to intercept incoming flow and prevent loss or smothering of
seedlings
Backfill compacted to municipal standards
Seeded per specification

AFTER PERMANENT VEGETATION BECOMES ESTABLISHED
Remove silt fence

City of East Lansing- Stormwater Design Manual

184

Installation
approved

Add'l
work
required

Tracking
No.:
Comment

BMP Construction Inspection Report
Class of BMP: PERVIOUS PAVEMENT
Type: REINFORCED TURF

Ref.: BMP FACT SHEET FOR
PERVIOUS PAVEMENT WITH
INFILTRATION
Project Name / Location:

Date / Time:

Inspector:
Meets
specification

Construction Considerations
Location and material as approved
Vegetation / organics removed from subgrade
Site rough graded for positive drainage
Masonry sand or sand / soil leveling base
Rigid or Flexible Plastic Pavers (for roof gardens, light vehicular traffic, handicap
access, cart paths)
Minimal grade change to promote infiltration and safety
In traffic areas: 6-8" gravel bedding layer
Joints staggered for surface uniformity and stability
Sandy loam topsoil fill
Flexible Concrete Grids (for driveways, overflow parking, RV mats)
Flat or minimal grade to encourage infiltration
6-8" subbase (> for heavy use)
1" sand/soil planting course over subbase
Planting course seeded before installing grids
Connecting joints staggered
Voids filled with soil mixture to within one-half inch (1/2") from top
Revegetation
Seed as specified
Area isolated from construction traffic during germination
Adjoining disturbed areas stabilized
WHEN PERMANENT VEGETATION IS ESTABLISHED
Remove barriers to traffic
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Installation
approved

Add'l
work
required

Tracking
No.:
Comment

BMP Construction Inspection Report
Class of BMP: PLANTER BOX

Ref.: BMP FACT SHEET FOR PLANTER BOXES

Type: CONTAINED, FILTRATON, INFILTRATION
Date / Time:

Construction Considerations

Location and construction material as
approved

Project Name / Location:

Inspector:
Meets
specificatio
n

Installatio
n
approved

Add'l
work
required

Tracking No.:

Plant material as approved
Overflow to stable surface or storm drain
Inflow velocities controlled (non-erosive)
Protective fencing (optional)
CONTAINED PLANTER BOX
Set on impervious surface
Weep holes with sediment filter for drainage
12 to 18 inches of growing medium
Positive drainage away from buildings
INFILTRATION PLANTER BOX
Dimensions as approved
Meets 10-foot setback from buildings
Overflow connection to storm drain
Min. 6" graded gravel or stone filter layer
Min. 24" composted soil medium
4-6" mulch layer to protect growing medium
and young plants
FLOW THROUGH PLANTER BOX
Meets 10-foot setback from buildings
Subgrade material compacted to prevent
settling
Backfill material around structure
compacted and stabilized
Perforated underdrain in filter cloth with
connection to storm drain or cistern
If used, cistern capacity meets storage or
filtration requirement
Min. 12" granular filter layer (volume
capture)
Min. 24" composted soil medium
4-6" mulch layer to protect growing medium
and young plants
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Comment

BMP Construction Inspection Report
Class of BMP: WATER QUALITY MANUFACTURED DEVICE
Type: POLISHING CHAMBER (in-line)

Ref.: BMP FACT SHEET FOR WATER
QUALITY DEVICES
Project Name / Location:

Date / Time:

Inspector:

Construction Considerations

TYPICALLY EMPLOYED OFF LINE IN
CONJUNCTION WITH OTHER PRE-TREATMENT DEVICE

Meets
specification

Manufactured assembly shipped undamaged or device assemble on site
Location and size as specified
Access openings aligned for cleaning
Installation
12" bedding material depth compacted to 95%
Connections to adjoining structures secure
Sheer guards to protect flexible connections
Inspected for damage before backfilling
For HDPE: anchored anti-floatation straps
Granular backfill CIP as specified
Access hatches / covers operational
Interior inspection of final assembly after installation is complete
Revegetation
Adjoining disturbed areas stabilized
Storm water inlets in contributing areas protected
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Installation
approved

Add'l
work
required

Tracking No.:
Comment

BMP Construction Inspection Report

Class of BMP: WATER QUALTY MANUFACTURED
DEVICE

Ref.: BMP FACT SHEET FOR WATER QUALITY DEVICES

Type: VORTEX SEPARATOR
Date / Time:

Project Name / Location:
Inspector:

Construction Considerations

Meets
specification

Installation
approved

Add'l
work
required

Tracking No.:
Comment

VORTEX SEPARATORS INCLUDE BOTH SWIRL AND GRAVITY TREATMENT DEVICES AND ARE TYPICALLY
COMPONENTS OF A TOTAL TREATMENT TRAIN.
Device as specified (meets capacity require)
Location as approved
Adequate flow diversion for off- line
installation
Accessible by maintenance equipment
Installation
Set over 12" CIP granular base
Inlet / outlet connections secure
Flexible connections protect with metal sheer
guard
Backfill material and placement as specified
In vehicle traffic areas: reinforced concrete
pad around structure to prevent shifting
Swirl (vortex) Concentrator (typically HDPE)
Concrete backfill to 12" over integrated base
to counter buoyant forces
Remainder CIP granular backfill (3' out all
sides) for stability
Inspect installed device for defects / damage
Gravity Concentrator (typically concrete)
Sediment removal and oil ports aligned with
maintenance access opening
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BMP Construction Inspection Report

Ref.: BMP FACT SHEET FOR VEGETATED SWALE
BMP FACT SHEET FOR VEGETATED FILTER STRIP

Class of BMP: VEGETATED FILTER
Type: VEGETATED SWALE and FILTER STRIP
Date / Time:

Construction Considerations

Inspector:
Meets
specificatio
n

Project Name / Location:
Installatio
n
approved

Add'l
work
required

Tracking No.:

Location, size and width as approved
Isolated to prevent soil compaction
Concentrated surface inflow temporarily
diverted
Permanent inflow waterway stabilized
Compaction minimized during
construction
Physical parameters
Side slopes > 3:1
Bottom slope < 5%
Check dams (energy dissipators)
installed where applicable
Underdrain with cleanouts installed (if
applicable)
Underdrain discharge to stable ground
Vegetation
Loamy topsoil seed bed
Plantings as approved
FILTER STRIP
Diffuse (sheet) flow from adjoining
drainage area to minimize erosion
potential
If required by location, plants are salt
tolerant
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Comment

BMP Construction Inspection Report
Class of BMP: REVEGETATION

Ref.: BMP FACT SHEET FOR NATIVE REVEGETATION

Type: BUFFER and NO MOW AREAS
Date / Time:

Construction Considerations

Project Name / Location:
Inspector:
Meets
specificatio
n

Installatio
n
approved

Add'l
work
required

Tracking No.:

BUFFER AREA
Size and location as specified
Isolated from construction traffic to prevent
soil compaction
Storm water concentration from sediment
producing areas diverted to prevent
smothering
Plants appear in healthy condition
Density of plantings (>90% cover)
Watering / irrigation schedule
NO MOW AREA
Isolated during construction to prevent soil
compaction
For new plantings: soil bed preparation
For new plantings: seed or plugs as
approved
Fertilizer (review manufacturer's tag)
Erosion control mat or mulch
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Comment

BMP Construction Inspection Report

Ref.: BMP FACT SHEET FOR RIPARIAN BUFFER
RESTORATION

Class of BMP: REVEGETATION
Type: RIPARIAN BUFFER and WOODLAND
PLANTINGS
Date / Time:

Project Name / Location:

Inspector:

Construction Considerations

Tracking No.:

Meets
specification

Installation
approved

Add'l work
required

Location as approved
Stream protection maintained during
supplemental planting operations
Isolated from construction traffic
Soil amendments and planting beds as
approved
Storm water concentrations diverted
RIPARIAN BUFFER
Width sufficient to protect adjacent
treatment device or stream
Plant material and installation method as
approved
Mulch blanket temporary erosion protection
installed in sensitive areas
WOODLAND PLANTINGS
Drainage to remove excess surface water
New woodland plantings as recommended
Plant density adequate for soil surface
protection and health of species
Understory plantings and seed as
approved
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Comment

BMP Construction Inspection Report

Ref.: BMP FACT SHEET FOR SOIL
RESTORATION

Class of BMP: REVEGETATION
Type: SOIL RESTORATION

Project Name / Location:

Date / Time:

Inspector:
Meets
specification

Construction Considerations

Installation
approved

SOIL ANALYSIS
Soils report with recommended mineral enhancements
available on site during operations
Mulch analysis submitted for approval by landscaper, soils
scientist or agronomist prior to delivery
Application locations marked before final site grading (may
differ from locations on approved plan)
Additional borings / samples provided (if needed to identify
compacted areas)
INCORPORATION INTO SITE
Sensitive areas identified and protected
MULCH ONLY: Enhanced area tilled before applying mulch
additive
Mulch tilled to a depth of 8- inches
MINERAL ADDITIVE: Additive spread at recommended
rates
Tilled to a depth of 8- inches
STABILIZATION
Plants and seed certified by arborist, landscaper or
agronomist
Incoming flow velocities controlled
Site isolated from construction / maintenance equipment
AFTER PERMANENT VEGETATION BECOMES
ESTABLISHED
Remove temporary erosion control measures
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Add'l
work
required

Tracking No.:
Comment

MAINTENANCE CHECKLISTS
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See also: BMP FACT SHEET FOR
BIORENTION (RAIN GARDENS)

RAIN GARDEN

Management Objectives

Maintenance Requirement

Provide water quality treatment through
filtration and recharge; Minimize impact of
peak discharge; Reduce total runoff volume;
Enhance site aesthetics.

Pre-treatment BMP (if applicable) functioning as designed.
Erosion controlled at inlet and overflow; also outfall if appropriate.
If designed with perforated underdrain, sediment depth in pipe (cleanout or inspection port); clean as
needed.

Design Components
Confined cell with or without geotextile fabric;
gravel or pea gravel over coarse sand for
filtration; Loamy soil for planting; Controlled
inlet; Overflow outlet to storm drain; Plants as
specified; Planted buffer zone. May include
perforated underdrain.
Classification

Sediment accumulation: check pretreatment device for failure (remove as needed and replant)
Underdrain outlet unobstructed (remove blockage as needed to prevent damage to biofilter).
Condition of receiving drain or watercourse (repairs may require analysis of entire upstream
watershed).
Trash and debris accumulation (clean monthly to prevent damage to biofilter).

Biofiltration: no underdrain.

Dead or dying vegetation and thatch removed (annually).

Filtration: perforated underdrain to remove
excess water

Evidence of standing water for long periods (after storm event). If filtration becomes diminished,
expose a small part of the filtration cell to determine if replacement is necessary.
Vegetation die-off from chemical contamination. If evident, determine source and remediate. Work
mulch into bare areas by hand and reseed.

Maintenance Objective
Maintain filtration capabilities for useful life of
cell; Control introduction of hydrocarbons and
herbicides; Control vector breeding; Promote
aesthetic value.

Initiate abatement program if valid complaints of mosquitoes, rats or other nuisance species are
logged.
Oil spills on adjacent surfaces (requires treatment at the source).
Condition of buffer plantings (review annually during the growing season). Replant as necessary.

Also Known As:
Bioretention Cell
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See also: BMP FACT
SHEET FOR
VEGETATED ROOF
Management
Objectives
Reduce overall runoff
from roof for potential
storm water quantity
credit; Reduce urban
heat-island effect;
Provide plant
nourishment and
support; Protect
underlying
waterproofing systems.
Design Components
Structural support;
Roofing membrane;
Membrane protection
and root barrier;
Insulation layer;
Stabilizer grid
(drainage, aeration
and water storage);
Growing medium;
Vegetation.
Classification
Extensive: up to 2inches growing
medium.
Semiintensive: 2 to 4inches growing
medium Intensive:
more than 4-inches
growing medium.

GREEN ROOF
Maintenance Requirement
Drainage systems intact and unobstructed; No leakage.

Debris filters at downspouts intact to protect lower level secondary treatment BMPs.
Stabilizer grids secure (use ballast for tall buildings and where wind velocities are excessive); Repair erosion- damaged grid
cells and replant.
Mechanical protrusion (AC units; vents) and vertical wall flashings intact (should be inspected annually by a certified building
inspector).

Plants appear healthy. Plantings in poor condition may indicate improper selection of species, problems with irrigation, or
content of soil medium (consult with landscaper or local extension office).
Diseased and dead plant litter removed; Weed and insect infestation controlled (inspect monthly after plantings are
established)
Wind barriers intact (may be removed after plantings are established).

Human activity restricted to prevent damage to planter cells.

Maintenance
Objective
Control quantity and
quality of discharge to
secondary BMP in
treatment stream.

Also Known As:
Vegetated Roof
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See also: BMP FACT SHEET FOR CAPTURE
REUSE

CISTERN

Management Objectives

Maintenance Requirement

Capture and reuse rainwater for non-potable
purposes; Reduce first flush impact from
impervious rooftops and patios.
Design Components

Filters from supply lines clean and intact; Mechanical connections solid and not leaking.
If applicable, mechanical filter in sediment chambers clean.
Overflow device unobstructed; No surface erosion at point of discharge.

Water-tight enclosure with access port;
Structural support; Water level sight gauge;
Overflow and draw down protection;
Ventilation; Pump for below grade tank.

Draw down valve operable.
Access hatch or port working properly; safety equipment in place and operable.

Classification
Below grade: Overflow connection to storm
drain; Pump required to pressurize for
irrigation.

Ventilation shaft (if equipped) unobstructed.

Above grade: Installed on superstructure with
overflow to adjacent stabilized surface; Gravity
pressurized.

Pump service record available (for pressurized systems).

Maintenance Objective

Water level sight gauge (if equipped) operational.

Irrigation distribution lines unobstructed; drained annually to prevent freezing.
Annual drawdown to inspect interior for cracks or failure (confined space entry practices apply).

Protect stored water from debris or sediment
that might damage or plug irrigation equipment
and supply lines; Prevent freezing.

Above grade tank: container and superstructure maintained.
Observed water quality in chamber.
Insect and / or mold infestations controlled; Rodent control as needed.

Also Known As:
Water Storage Tank
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See also: BMP FACT SHEET FOR CAPTURE
REUSE

RAIN BARREL

Management Objectives
Reduce impact of first flush from small areas;
Provide source of untreated rainwater for nonpotable use.

Maintenance Requirement
Mosquito larvae present (treat with capful of vegetable oil to disrupt breathing tube).
Chemical sheen on water surface not a result of vegetable oil treatment (empty and clean barrel
before returning to service).

Design Components
Container manufactured of food grade drum or
proprietary device; Overflow protection; Draw
down valve; Cover.
Classification

Overflow device operational; discharging to stable surface.
Draw down valve (if equipped) working freely.
Inflow connections screened to prevent deposition of organic material and other debris.

Small tank: typically 55 to 100 gallon capacity.
Maintenance Objective

Container sound, structurally undamaged.
Evidence of U.V. degradation of plastic manufactured containers (schedule replacement)

Protect water in container from chemical
contamination; Prevent freeze damage; Vector
control.

Bearing surface stable.
Cover fits tightly or lock secure.
Debris diverters (if equipped) operational and clean.
Interior free of algal growth (cleaned annually with approved algaecide).
Underside of cover cleaned annually to control mold.
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See also: BMP FACT SHEET FOR
DETENTION BASINS

DRY POND

Management Objectives
Control volume of runoff from a site and
attenuate peak flow; Sediment removal
(limited).

Maintenance Requirement
Downstream receiving stream protected at outfall.
Outlet device for dry extended basin in good condition (consult engineer if damaged or if release
time changes abruptly).

Design Components
Volume- based constructed depression to
temporarily detain storm water runoff and
protect downstream conveyance channels;
Typically designed as an on-line, end of pipe
BMP's; Forebay; Low flow distribution channel;
Storage elevations controlled with perforated
risers or in-line pipe restrictors; Overflow
protection (drop structure, pipe through berm,
or surface overflow); Erosion protection at
inlets; Grass bottom with 3:1 side slopes;
Grass buffer filter around all sides.
Classification

Downstream embankment sound; No animal burrows; 90% vegetated cover.
Overflow device unobstructed; Undamaged; Piping controlled.
Vegetation covers 90% of basin floor and side slope; Mowed (rototill or scarify and replant as
needed).
Sediment in forebay (clean when capacity is diminished by 25%).
Low flow channel stable; Ground cover.
Vegetation buffer at top of embankments intact.

Dry: Short term storage with limited sediment
removal capabilities.
Dry Extended: Outlet restricted to increase
storage time; May or may not have underdrain.
Maintenance Objective

No erosion on side slopes (repair as needed, including diverting concentrated flow to stabilized
area).
Trash and debris removed (as needed).
Tree growth on embankments controlled.

Retain design retention time; Remove
suspended sediment from water stream.

Insects controlled.
Observed detention time meets design expectation (consult engineer if detention exceeds 48 hours).

Also Known As:
Detention Basin; Dry Extended Detention Pond
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See also: BMP FACT SHEET FOR
DETENTION BASINS

WET POND

Management Objectives

Maintenance Requirement
Embankment and outfall stabilized; No Erosion (inspect annually during dry weather and repair as
needed).

Effective for WQ improvements for sites in
excess of 10 acres; Provide for stream bank
and flood protection; Remove metals, nutrients
and organic through sedimentation (during first
24 hours); Phosphorus removal (requires long
term retention or chemical treatment);
Enhance habitat; Promote green space; May
also be used for fire suppression in areas not
served by public water supplies; Aesthetics.
Design Components
Velocity and erosion control at inlet and outlet;
Sediment forebay (recommended to maximize
useful life); Varying pond depth to enhance
pollutant removal and control plant growth;
Maximum residence time to enhance sediment
removal; Bench for safety; Vegetative buffer
(width variable); Continual flow through system
required to control thermal fluctuation;
Aesthetic enhancements (walking trails, etc.);
Permanent access to overflow drain;
Informational signs.

Inspect during spring runoff for damage caused by excessive flow (schedule repairs as soon as
conditions allow).
Emergency spillway or overflow pipe intact; Access by maintenance vehicles maintained (repair as
needed).
Sediment level in forebay (schedule cleaning when capacity is diminished by 25%).
Multi-stage outlet (if equipped) sound; No piping or structural damage.
Schedule dredging of deep pool every 10 to 15 years. Extended life possible with adequate
sediment controls in stormwater collection area and regular forebay maintenance. Sediment
removed during cleaning will contain nutrient "bank" which should be disposed of onsite if space
permits.
Maintain peak aquatic health by promoting emergent plants in bench area and shrubs near the
waterline on side slopes.
Algae blooms controlled. Control measures include dye treatment to reduce photosynthesis,
mechanical mixing devices (solar powered windmills, etc), and barley straw.
To enhance phosphorus removal in the permanent pond, treat with chemicals to promote
precipitation (optional).
Pedestrian access only to shallow pool area for safety (initiate controls as needed).

Maintenance Objective

If used for fire suppression, hydrant area stabilized.

Maintain WQ abilities by protecting permanent
pool from sedimentation.

Burrowing animal and insects controlled; No trash.

Also Known As:

Signage intact.

Retention Basin; Wet Pool; Wet Basin
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See also: BMP FACT SHEET FOR
DETENTION BASINS

CONSTRUCTED WETLAND

Management Objectives
Using physical, chemical and biological
processes, remove nitrogen- containing
compounds and sulfates to protect receiving
waters; Filter suspended solids; Aesthetics and
habitat enhancement.

Maintenance Requirement
Baseflow adequate to maintain water and healthy wetland vegetation (If deficiency is observed,
design modifications are required to increase detention time).
Overflow device operational and unobstructed.
Outlet pipe obstruction (clean micro pool or reconstruct outlet with reverse slope to "siphon" water
from the wetland).

Design Components
Shallow basin isolated by vegetated buffer
(may be forested); Forebay to remove coarse
sediments; Emergent vegetation; Micropool
with controlled outlet; De-watering device;
Maintenance bench; Suitable for habitat
enhancement. See maintenance covenant for
monitoring requirements.
Classification
Subsurface flow: lined with rock or gravel
through which runoff is conveyed to an outlet
(rarely used).
Surface dispersal: stormwater detained and
dispersed over a shallow, wide, soil lined
basin.

De-watering device operational (inspect annually).
Flow channel between forebay and basin stable; Unobstructed (inspect annually).
Sediment accumulation and excessive organics in forebay (draw down and remove accumulated
sediment before vegetation becomes "choked"; harvest plants annually to minimize organic
deposition).
Inlet and outlet structures sound; No damage; Energy dissipation measures adequate.
Thick grass cover on embankments and spillways; No rill or gully erosion (repair as needed).
Vegetation covers at least 50% of surface area of basin (replant as indicated)
Embankments, spillways and maintenance benches mowed to control undesirable vegetation and to
expose bank undercutting or animal burrows (repair as needed).

Maintenance Objective
Prolong environmental benefits by protecting
natural grass filters from sediment damage;
Protect habitat and urban green space;
Remove harmful compounds and improve
surface water quality; Protect quality of
wetland vegetation.
Also Known As:

Trash and debris controlled (remove monthly or as needed).
Resident nuisance waterfowl (reduce open water expanse and size or type of vegetation on exposed
grassy areas; evaluate buffer zone for additional tree plantings to discourage geese and other
waterfowl).
Annually inspect entire wetland basin for noxious weeds and plants (remove by hand).
Signage (if equipped) in good condition.

Wetland; Free Water Surface Wetland
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See also: BMP FACT SHEET FOR LEVEL
SPREADERS

LEVEL SPREADER

Management Objectives

Maintenance Requirement

Disperse flow over flat surface for infiltration;
Control erosion (inflow and outflow); Control
velocity at discharge to secondary treatment
device; Remove coarse sediments.
Design Components
Forebay to remove coarse solids; Lined
distribution channel full width of spreader
slope; Slightly elevated lip at upper end to
control discharge; Stabilized slope (angular
stone over geotextile or deep rooted plants);
Buffer area at base of dispersal slope; Flood
bypass to stable ground.

Geotextile liner keyed all edges; No piping (inspect annually and after all flood events).
Outfall discharges to mowed, vegetated buffer zone above secondary BMP (if eroded, bury angular
rock along upper side of buffer to further disperse flow).
If equipped, no dislodged stone in dispersal chute (repeated failure indicates need for larger sized
angular rock with potentially additional velocity controls upstream).
Limited pooling at point of entry and point of discharge (modified spreader). Uphill pooling indicates
sediment buildup in chute; downhill pooling indicates blockage in buffer zone.
Flood bypass intact; No rill or gully erosion at outlet.
Forebay sediment deposits < 25% of design capacity (inspect after any storm exceeding water
quality runoff threshold).

Classification
Modified spreader: Transport runoff from
impervious area or discharge from detention
area; No pretreatment (erosion control only);
Often located in curb line or downhill slope of
parking area.

Frost heaving of energy dissipators controlled (repair as needed).

Treatment spreader: Pretreat by diffusion
before discharging to secondary BMP.

Uphill collection surfaces stabilized; Parking areas and roadway swept; Hydrocarbon deposits
removed.

Maintenance Objective

Vegetation in dispersal slope and buffer area healthy; thick.
No tree growth within footprint or along sides of spreader device. Replace spreader liner if
damaged.

Adjacent berm and lawn areas stabilized; No erosion into sloped dispersion channel.

Prevent erosion; Maintain diffuse flow though
riparian buffer; Remove coarse solids from
collection areas; Prevent sedimentation in
downstream filtration devices.

No trash or debris (remove as observed).

Also Known As:
Inflow or Outflow Spreader; Diffuse Flow
Spreader
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See also: BMP FACT SHEET FOR
CONSTRUCTED FILTER

FILTER BERM

Management Objectives
Temporarily retain surface flow on hillside
slopes with controlled release to a stable
surface; Provide filtration to remove fine
particles and associated contaminants;
Aesthetics.
Design Components
Berm installed on along or parallel to existing
site contours; Mixture of compost material and
top soil (for particle adhesion and filtration);
Downhill slope 3:1 or greater; Surface water
collection swale along upper face with minimal
or no grade; Overflow to stabilized area;
Vegetation cover for stabilization.
Classification

Maintenance Requirement
Hillside or stream bank downhill from berm location stable; no erosion (inspect seasonally and after
large runoff events exceeding design capacity).
No rill or gully erosion on berm; Full grass cover; Healthy plants; No trees (repair, reseed or remove
as needed).
Overflow area stabilized; no erosion (repair as needed for minor erosion; consult engineer if
significant erosion has occurred).
Standing water on uphill side after 48 hours indicative of diminished filtration capacity (remove
topsoil/compost mix from upper face; replace and reseed).
Surface erosion across surface upstream from berm (additional stabilization measures or additional
control measures may be required).
No evidence of lateral displacement (consult engineer if movement has occurred).
Mowed to control noxious weeds; Burrowing animals controlled.

Diversion: Accepts diffuse flow from adjacent
hillside; Typically vegetated with grass to
prevent piping; Can meander to increase
contact retention time.

Sediment in collection swale (remove as needed to protect filtration capacity).
Evidence of overtopping (engineering analysis required to determine cause and design solution).

Woodland: Constructed through existing
woodland; Provides improved infiltration by
utilizing root systems to facilitate percolation.
Maintenance Objective
Control runoff to minimize failure; Protect
filtration benefits; Control erosion on downhill
side of berm
Also Known As:
Permeable Berm; (may incorporate) Diversion
Berm
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See also: BMP FACT SHEETS FOR
CONSTRUCTED FILTER; INFILTRATION
PRACTICES

Management Objectives
Enhance WQ for small collection areas by
filtering first flush; Remove sediment, BOD and
fecal coliform bacteria; Often used to filter
hydrocarbons from parking areas; Ineffective
for flow control and for contact with
groundwater unless lined; Effectiveness may
be diminished during freeze conditions.
Design Components
Inlet energy dissipation; Sediment chamber or
basin to remove floatables and heavy
sediments; Sand filtration chamber or basin for
cleansing; Piped discharge to storm drain or
stream; Bypass controls for overflow
protection; Impermeable liner if needed to
prevent contact with groundwater.
Classification
Surface (open): Often located on steeper
slopes; Physical requirements may limit use.

SAND FILTER
Maintenance Requirement
Surface bypass or overflow stable; No rill or gully erosion (repair as needed).
Sediment level in open forebay (cleaning indicated when capacity becomes diminished by 25% or
more).
Annually remove vegetative growth from open filter device by hand.
Sediment level in closed forebay chamber (clean when depth of sediment reaches 12 inches).
Oil sheen visible on surface water in closed chamber (inspect collection area for oil deposits).
Upstream flow control components operating and adequate (inspect during storm events; consult
with engineer if additional protection is needed).
Trash and debris controlled (inspect bi-annually).
Plan filter medium replacement every 3 to 5 years to remove contaminant bank and restore filtration
capacity. Unless severely contaminated, material may be disposed of by landfilling.
Annually record dewatering or draw down time after a design storm event to determine if filtering
capacity has diminished; Replace upper layers of filter medium if indicated; Landfill material removed
during cleaning.

Subsurface (closed): Suitable for highly
impervious areas and confined spaces.
Maintenance Objective
Maintain life of filter media by stabilizing
drainage collection area and protecting
upstream detention components of treatment
system.
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See also: BMP FACT SHEET FOR
INFILTRATION PRACTICES

DRY WELL and BURIED BAFFLE FILTRATION

Management Objectives
Reduce stormwater volume from small
drainage areas; Provide recharge through
infiltration; Remove suspended solids and
associated contaminants; Groundwater
protection.
Design Components
Chamber on geotextile liner; Permeable soil or
enhanced permeable filter below; Observation
wellhead or ports; Pre-treatment screening;
Overflow protection (typically before pretreatment device); Access for cleaning;
Located away from hot spots and buildings
with basements.

Maintenance Requirement
Pretreatment device operational; Filtering devices clean (inspect four times each year and after each
storm event exceeding the first flush threshold.
Drawdown complete 48 hours after runoff event (as observed through wellhead or inspection port).
No backfill settlement (would indicate potential joint failure for baffle or chamber failure for dry well).
Interior free of debris (baffle chamber); Remove as needed (confined entry requirements apply).

Classification
Dry Well: Infiltration for small areas or roof
drains; May be located under parking or
landscaped areas.
Buried Baffle: Serve larger area; Function
like infiltration trenches; Usually located in
landscaped area due to large expanse of
uncompacted soil needed to function; May be
connected to storm drain.
Maintenance Objective
Protect sand or stone filter material from
clogging; Prevent chemical contamination;
Maintain structural integrity.
Also Known As:
French or Dutch Drain; Seepage Pit;
Underground Infiltration (may include
detention)
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See also: BMP FACT SHEET FOR
INFILTRATION PRACTICES

INFILTRATION BASIN

Management Objectives

Maintenance Requirement

Pollutant removal through natural filtering and
recharge; Flood reduction and flow
attenuation; Reduce thermal impact of
receiving stream.

Inspect bi-annually for sediment accumulation and general health of vegetation; Mow monthly during
growing season; Dethatch bottom annually; Maintain 70% cover.

Design Components
Shallow dry basin with exfiltration storage to
promote recharge for first flush volume;
Undisturbed subgrade covered by sand filter
>6" in depth; Forebay for pretreatment; Berm
or restricted outlet to contain water up to 72
hours; Flood overflow protection; Underdrain
for winter drawdown in cold climates;
Monitoring well(s) for basins situated near
buildings with basements or critical footings;
Buffer.

Condition of inlet and outlet conveyance systems; Scour protection intact.

Classification

Standing water for longer than 48-hours (de-water and scarify to restore infiltration capabilities after
removing accumulated sediments; reseed or overseed).

Slope, rill or gully erosion in area of overflow protection channel (repair as needed).
Sediment in underdrain (schedule cleaning as needed).
Sediment buildup in forebay (clean when buildup exceeds 25% of available capacity; perform
maintenance during dry conditions).
Noxious weeds controlled; Berms free of woody (remove and basal treat to discourage new growth).
Vegetated buffer dense, healthy.

Off-line: Diverts first flush to basin with no
outlet for full treatment; base flow maintained
in drain conveyance system.
On-line: Maintains base flow through basin
but treats first flush volume from all storm
events.
Maintenance Objective

Monitor groundwater mounding level if situated near a building with a basement; Maintain log for
reference.
Check upstream parking lot catchbasins for effective sediment removal (clean as needed).
Observe signs of chemical contamination and treat as required by state law.
Avoid use of fertilizers around basin and in runoff collection area to protect water quality.

Prevent clogging of filter material; Protect from
chloride and other contaminants.

Trash and debris accumulation (remove as observed)

May Be Associated With:
Extended Detention Basin
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See also: BMP FACT SHEET FOR
INFILTRATION PRACTICES

INFILTRATION TRENCH

Management Objectives

Maintenance Requirement

Remove suspended solids, harmful bacteria,
and some nutrients and heavy metals; Protect
baseline flow in streams; Reduce peak flow.
Design Components

Overflow berm, embankments and slopes stable (no rill or gully erosion).
Connection to storm drain (if equipped).
Vegetation healthy, dense; plant litter removed.

Uncompacted subgrade and trench wall with
geotextile separation; Secondary (lower) filter
consisting of 3/4" stone and separated from
primary filter with geotextile; Primary (upper)
filter consisting of uniformly graded gravel over
geotextile separator and covered with sod or
topsoil; Perforated pipe for lateral distribution
(optional); Observation port; Buffer strip for
coarse material removal.

Buffer strip maintained; no grass clippings or debris.
Sediment accumulation (in filter bed and underdrain). Inspect bi-annually or after large storm events;
Vacuum clean as needed.
Maintenance log of water observed in well head (if equipped). Check filtration time against design
time-to-drain; Observation wellhead cover secure.
Water standing in trench 48 hours after rainfall: Remove sediment buildup from trench using vactor
equipment; Scarify bottom if needed.
Pretreatment water quality BMPs functioning as designed (clean sumps in upstream basins
annually).

Classification
Infiltration: Gravity overflow protection; No
connection to storm drain; Plantings generic.
Bioengineered: Discharge to storm drain;
Plants chosen for uptake and nutrient removal
capabilities.

Observe for evidence of chemical contaminants (remediate at source).
Vector control if needed.
Annually: Remove small section of primary filter and inspect secondary filter for sediment intrusion;
replace primary filter if needed.

Maintenance Objective
Prevent clogging of primary and secondary
filtration beds.

Similar in Function to:
Dry Well
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See also: BMP FACT SHEET FOR
PERVIOUS PAVEMENT WITH
INFILTRATION

POROUS CEMENT / ASPHALT

Management Objectives
Control peak load velocity; Reduce runoff
volume; Filter pollutants at source; Vector
control.
Design Components
Uncompacted subgrade; Open graded
subbase reservoir with >3/4" diameter stone
and 18-36" depth (varies according to design
treatment capacity and freeze-thaw
protection): Open graded base reservoir (6 12") consisting of crushed stone (< 3/4");
Stone choker course for leveling and
stabilization; Porous asphalt 2 to 4" in depth
(modified performance grade asphalt binder,
coarse and fine aggregates and fiber additives
to prevent migration of binder into voids), or
Portland air-entrained cement concrete layer
(4-6") with coarse aggregate and minimal
fines; Non-metal reinforcement and underdrain
optional.
Classification
Porous concrete: Portland cement mix; 1525% void space; Difficult to install (certification
required).
Porous asphalt: fiber- infused asphalt; 1824% void space with large aggregate; Easy to
install.

Maintenance Requirement
Vacuum sweep at least 3 times each year. Maintain cleaning records and review annually to
determine acceptable level of effort required to address site- specific conditions.
If served by underdrained, check outlet for obstructions.
Evaluate filtration rate and conduct deep cleaning with pressure washer annually to maintain
porosity.
If porosity becomes diminished, use one of the following cleaning options: pressure washing, air
blowing, vacuuming.
Evidence of load bearing damage (use approved material manufacturer's technique for repair to
maintain filtration capacity).
Where surface has become smooth due to wear, or in locations where isolated repairs have been
completed, sandblast after the surface is fully cured to restore porosity. Vacuum residue to prevent
clogging.
Soil areas around porous installment stabilized and vegetated (reseed as needed).
Plant growth within pavement (pull by hand, spot treat with herbicide, or destroy with heat if removing
root system would damage installation).
Maintain log of salt and deicer use; observe ice buildup in winter and reduce deicer use accordingly
(should be approximately 1/4 of amount required for similar treatment of normal concrete or asphalt).
Evaluate for replacement after 15 years of service in northern climates. As age of installation
increases, loss of permeability can be reversed by drilling 1/2" holes to the aggregate base.

Maintenance Objective
Maintain design porosity.
Also Known As:
Pervious asphalt/cement, Permeable
asphalt/cement; Permeable pavement
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See also: BMP FACT SHEET FOR
PERVIOUS PAVEMENT WITH
INFILTRATION

PERMEABLE PAVER

Management Objectives
Create stabilized semi-pervious surfaces that
promote infiltration; Protect sensitive slopes;
stabilize grades.
Design Components
Paver brick, stone block or manufactured
confined cell over graded, compacted porous
subbase material; Often with vegetation
component to enhance appearance and
promote infiltration.
Classification

Maintenance Requirement
Vacuum or pressure wash all walking and driving surfaces annually; Fill voids between pavers with
silicon sand.
Use a stiff broom and sweep monthly to dislodge seedlings between pavers, collect plant litter, and
remove moss growing on surfaces.
Inspect walkways and parking areas each spring for frost heave or snow plow damage (repair as
needed using similar material).
Inspect annually for erosion damage on slope installments; Repair as needed.
Encourage plant growth by avoiding herbicide treatment in runoff collection area.

Paver brick: Handplaced concrete brick
usually intended to promote aesthetic appeal.
Cable Connected: Joined concrete blocks for
non-uniform surfaces; Often used for grade
control.
Articulating Block: Handplaced interlocking
blocks designed to protect sensitive slopes;
Used for channel protection and to enhance
landscaping; Parking areas for heavy vehicles.
Maintenance Objective
Prevent sediment blockage and loss of
filtration.

Also Known As:
Grass Paver; Flexible Concrete Grid
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See also: BMP FACT SHEET FOR
PERVIOUS PAVMENT WITH INFILTRATION

REINFORCED TURF

Management Objectives

Maintenance Requirement

Promote infiltration through a load bearing
surface; Minimize site imperviousness and
reduce runoff; Improve WQ.
Design Components
Grid system with voids for plantings; Rigid or
flexible non- concrete grid system; Graded and
compacted gravel bed for support and
percolation; Sandy loam cell fill material to
promote infiltration; Additional 1-inch lay of
topsoil in landscaped areas (optional);
Vegetation as specified.
Classification
Flexible plastic: Manufactured assembly
(typically a derrivative of polyethylene)
combining multiple cells into a single grid;
Interconnected to create a uniform bearing
surface for walkways.
Flexible concrete: Concrete muffins attached
to a flexible backer that conforms easily to the
subgrade; Uniform weight distribution for
parking areas and cart paths. Not suitable for
walkways.

Parking overflow areas and paths maintained; Installation level with no deep depressions or standing
water.
Plant growth healthy and weeds controlled (had pick as needed)
Sediment from adjacent impervious surfaces controlled (clean as needed).
Frost heaving noted (repair as needed with similar material; reseed and restrict access until
germination)
Ice buildup controlled on walkways (mark areas where pooling is observed; reset grid to promote
runoff to adjacent lawn area after spring thaw).
Minimize damage by restricting snow plowing (overflow parking areas may be used to pile snow from
pervious areas during winter months).
Restrict traffic in parking areas covered with flexible concrete grids during early spring to prevent
subgrade compaction and promote dense grass cover; Overseed as needed to fill voids.

Maintenance Objective
Protect imperviousness and runoff values.
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See also: BMP FACT SHEET FOR PLANTER
BOXES

CONTAINED PLANTER

Management Objectives

Maintenance Requirement

Filter runoff from roof or elevated areas to
remove pollutants and diminish runoff velocity
to adjoining BMP or drain; Improve air quality
in highly developed urban areas; Aesthetics.
Design Components
Structural container with integrated bottom;
3/4" open graded rock filter material; Drain
holes to adjacent stabilized surface; Overflow
protection; Growing medium; Plants as
specified.
Classification

Vegetation density and health (promotes percolation and aesthetics).
Health of planter soil (test annually; add compost and minerals as needed).
Container structurally sound; No leakage; General appearance.
Benches and associated components in good condition.
Drain or weep holes unobstructed (check during runoff event). Discharge clear.
Soil surface at inlet from water source intact; Pre-filters (if equipped) operational.

Full containment planter with provisions for
controlled discharge to stabilized surface.
Maintenance Objective

Overflow vent or trough unobstructed; no damage (repair as needed).
Trash and debris removed; Protective bark or stone surface layer (if equipped) intact.

Protect surrounding walkways and drain inlets
from sedimentation; Control growth of algae
and moss; Manage vegetation for aesthetic
appeal...

Algae and moss growth on adjacent surfaces controlled.
Ice buildup controlled on surrounding walkways and roadways.

Also Known As:
Planter Box; Container Planter
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See also: BMP FACT SHEET FOR PLANTER
BOXES

FILTRATION PLANTER

Management Objectives

INFILTRATION PLANTER

Maintenance Requirement

Reduce runoff velocity; Pollutant removal;
Improve air quality in highly developed urban
areas; Aesthetics.
Design Components
Structural container with (filtration) or without
(infiltration) bottom; 3/4" open graded rock filter
material; Pipe outlet in geotextile envelope;
Overflow vent; Growing medium; Plants as
specified.
Classification

Vegetation density and health (replace dead or dying vegetation and plant litter; soil analysis
beneficial to improve plant health).
No trash or debris; Protective bark or stone surface layer intact.
Container structurally sound; General appearance.
Overflow vent or trough unobstructed, undamaged (repair as needed).
No sediment buildup on surface of ground in overflow area.
Surface protection intact at inlet from water collection source.

Filtration Planter: Fully contained box;
Runoff passes through soil medium to a
perforated drain pipe; Outlets at or below
container bottom.
Infiltration Planter: Open bottom container;
Filters runoff through soil medium to granular
filter bed; Overflow vent to storm drain or
lateral flow to adjacent stabilized surface.

No leakage from container box or around drain outlet; Waterproofing membrane protecting adjoining
building wall intact (inspect annually).
Clear discharge to storm drain (check annually).
Soil saturation level (24 hours after runoff event) acceptable.
Condition of associated components (fences, benches, etc.).

Maintenance Objective
Percolation of stormwater through planter to
approved outlet; Vegetation management to
enhance environmental benefits and aesthetic
appeal.
Also Known As:
Planter Box; Container Planter
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See also: BMP FACT SHEET FOR WATER
QUALITY DEVICES

POLISHING CHAMBER (in-line)

Management Objectives
Remove solids, oil and suspended sediments
from drain conveyance system through
filtering.

Maintenance Requirement

Design Components
Manufactured underground vault with filtering
chamber separated by baffles; Access for
cleaning through manhole openings; May
include manufactured filters for hydrocarbon
removal.
Classification

On line: Buried vault with baffled chambers
and sand or manufactured filter to pretreat
runoff from large areas; Flood overflow
protection required; Treats first flush (often in
conjunction with other treatment devices).
Off line: As above but designed to simply
divert first flush for treatment; No overflow
protection.

Internal components and surface inlets in good condition (repair as needed- consult manufacturer for
repairs to internal components).
Trash and debris accumulation in sediment or coarse removal chamber (clean monthly and after
large storm events).
Sediment level in settling chamber at least 24-inches below outlet (vacuum clean as needed or if
chamber capacity is reduced by more than 25%).
No visible oil sheen on water surface (vacuum when film covers entire surface and dispose of as
required by state law).
Inspect sand filters after all major runoff events for damage (repair as needed).
Replace upper level of sand filter (if equipped) when filter bed fails to meet design percolation rate,
or when stain is observed within 2 inches of bottom of filter bed (can be sampled from access
manhole).
Clean or replace proprietary filters per manufacturer's recommend schedule (confined entry
standards may apply).
Major contamination incident: Remediated source of contamination; Vacuum and clean entire
device; Replace all filters.

Maintenance Objective
Preserve contaminant removal capacity and
reduce cost to maintain downstream BMP
treatment devices.
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See also: BMP FACT SHEET OF WATER
QUALITY DEVICES

MECHANICAL FILTERS

Management Objectives

Maintenance Requirement

Off line device to remove sediment from storm
water stream close to point of origin.

Follow manufacturer's recommendations for frequency of inspection and replacement schedules for
filters.
Outlet from basin unobstructed by filter device or by debris.
Remove sediment accumulation when depth reaches a point within 30 inches of filter device or 24
inches of gravitational outlet.

Design Components
Installed or integrated into manhole or
catchbasin; Manufactured filter designed for
replacement; Provision for removal with
standard maintenance equipment.

Remove debris from inlet grate (if applicable) to maintain filtering capacity.
Clean removable inserts bi-annually and after major flood events.
Replace damaged filters as observed.

Classification
Integrated Manhole Filter: Filter and housing
manufactured for compatibility.
Catch Basin Insert: Various manufacturers
with designs for retrofitting standard
catchbasins.

Maintenance Objective
Preserve sediment removal capabilities and
protect downstream treatment facilities.
Also Known As:
Water quality device; Gravity separator;
Various proprietary names
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See also: BMP FACT SHEET FOR
VEGETATED FILTER STRIP

VEGETATED FILTER STRIP

Management Objectives
Trap particulates from impervious areas;
Reduce runoff volume; Control erosion by
diffusing runoff.

Maintenance Requirement
Vegetation healthy; dense (minimize applications of fertilizers and herbicides; Aerate annually).
Vegetation covers 90% of surface area; No physical damage from lawn maintenance equipment or
vehicular intrusions.

Design Components
Permanent vegetation strip located adjacent to
impervious area to diffuse runoff; Compostamended soil bed (native vegetation optional).
Classification

No erosion on downhill slope; Flow spreader (if equipped) intact.
Debris and trash removed (after all large storm events).
Signage (if present) maintained.

Turf grass: Seedbed planted in areas where
a landscaped appearance is desired; Filtering
capacity limited; May incorporate salt-tolerant
species for longevity.
Prairie grass / small shrub: Typically follows
a landscape plan; Incorporates native species
including wildlife shrubs; Taller plants with
deep roots promote filtration and infiltration...
Indigenous woods with dense vegetation:
takes advantage of existing on-site conditions.
Maintenance Objective
Maintain dense grass cover and WQ efficiency
of channels; Protect slopes at edges of parking
areas from erosion.
Also Known As:
Grass Channel; Grass Swale; Vegetated
Swale; Water Quality Swale; Filter Strip
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See also: BMP FACT SHEET FOR
VEGETATED SWALE

WET and DRY SWALE

Management Objectives
Trap particulate pollutants; Reduce runoff
volume; Provide pretreatment for downstream
BMP.

Vegetation covers 90% of surface area; Plants healthy; No physical damage from lawn maintenance
equipment.

Design Components

Vegetation 3 - 4" on side slopes; Grass height in swale or channel bottom maintained at design flow
depth; Dead vegetation and organic clippings removed from flow channel.

Permanently- vegetated shallow, wide channel
designed to diffuse runoff; Channel with 3:1
side slopes; Underdrain (function dependent)
to remove excess water; Channel bottom in
swales < 4% grade (0% if designed with
underdrain); Check dam in swales every 50
feet to increase retention time; Compostamended soil bed (native vegetation optional);
Overflow protection.

Maintenance Requirement

Check dam in swale intact with no piping or lateral displacement (consult with engineer to correct
structural deficiencies).
Sediment accumulation less than 25% of original capacity (clean when sediment exceeds limit or
when vegetation begins to "choke").
No erosion on side slopes or in channel bottoms (repair as needed); Surface erosion controlled at
concentrated inlets; Flow spreader (if equipped) intact.
Overflow protection device clear -or- overflow channel stabilized.

Classification

Discharge from underdrain clear (check annually after storm event; repeated cloudy discharges
indicate damaged geotextile filter and requires repair).

Dry Swale: Volume- based sizing; Limited
infiltration; Underdrain removes excess water.

Observed drawdown period for dry swale acceptable (if greater than 48 hours, rototill or cultivate
bottom and replant).

Wet Swale: Intersects groundwater; Similar to
a linear wetland; Volume based sizing.

Buffer strip vegetation healthy; dense.

Grass Channel: Sizing based on flow rate;
Effective only for small runoff events.

Debris and trash removed (after all large storm events); Insect breeding controlled.
Signage (if present) maintained.

Maintenance Objective
Maintain dense grass cover, hydraulic
efficiency of channels, and sediment removal
efficiency.
Also Known As:
Grass Swale; Water Quality Swale
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See also: BMP FACT SHEETS FOR
RIPARIAN BUFFER RESTORATION; NATIVE
REVEGETATION; SOIL RESTORATION

REVEGETATION

Management Objectives

Maintenance Requirement

Restore infiltration in diminished areas and
reduce runoff volume; Promote habitat
improvement and green space; Protect surface
streams from impairment due to development.
Design Components
Plantings consistent with soil type, proximity to
ground water, and extent of catchment area
disturbance.
Classification
Riparian Buffer: Restoration or reinforcement
of existing vegetation in areas between
streams or wetlands and adjacent uplands.
Native Plantings; Replacement of existing
vegetation with plants historically suited to
localized environmental conditions;
Incorporates forest savanna areas when
present.
Lawn Replacement: Conversion of
impervious surfaces to new no- mow lawn
areas.

Size of riparian buffer consistent with final site plan (enforce through local ordinance).
Vegetation covering at least 90% of protected no-mow area (scarify exposed soil, incorporate
additional compost, and reseed).
Vehicular intrusion into no-mow and protected buffer areas restricted (rototill and replant areas
compacted by vehicular traffic).
Plants appear healthy (implement insect controls and amend soil as needed; add compost); Noxious
weeds controlled (hand pull to minimize soil compaction with heavy equipment).
Evidence of inundation for extensive periods (aerate when dry with spike- tooth drag; evaluate
upstream drainage for potential diversion; check lower edge of revegetated area for natural
obstructions).
Erosion from adjoining hillsides and catchment areas controlled; Pre-treatment BMPs (if equipped)
operational.
Thick, healthy ground cover on areas restored though soil restoration or lawn replacement; mowing
restricted except as needed to control weeds.
Walking paths (if present) in safe (non-hazardous) condition; repair as needed.
Educational signage (if present) intact.

Soil Restoration: Enhance and restore soil
permeability with additives and tilling.
Maintenance Objective
Maintain healthy, dense ground cover with
minimal maintenance.
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