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Post-Construction Storm Water Management in New
Development and Redevelopment

Regulatory Text

Y ou must develop, implement, and enforce a program to address scorm water runoff from
new development and redevel opment projects that disturb greater than or equal to one
acre, including projects less than one acre that are part of alarger common plan of
development or sale, that discharge into your small MS4. Y our program must ensure that
contrals are in place that would prevent or minimize water quality impacts.

Y ou must:

o Deveop and implement strategies which include a combination of structura
and/or non-structura best management practices (BMPs) appropriate for your
community;

o Usean ordinance or other regulatory mechanism to address post-congtruction
runoff from new development and redevelopment projects to the extent dlowable
under State, Tribal or local law;

o Ensure adequate long-term operation and maintenance of BMPs.

Guidance

If water quality impacts are congdered from the beginning stages of a project, new devel opment
and potentialy redevelopment provide more opportunities for water qudity protection. EPA
recommends that the BMPs chosen: be gppropriate for theloca community; minimize water
qudity impacts, and attempt to maintain pre-development runoff conditions. In choosing
appropriate BMPs, EPA encourages you to participate in locally-based watershed planning
efforts which attempt to involve a diverse group of stakeholdersincluding interested citizens.
When developing a program that is consstent with this measure's intent, EPA recommends that
you adopt a planning process thet identifies the municipdity’s program gods (e.g., minimize
water qudity impacts resulting from post- congtruction runoff from new development and
redevel opment), implementation strategies (e.g., adopt a combination of structural and/or nor
structura BMPs), operation and maintenance policies and procedures, and enforcement
procedures. In developing your program, you should consider assessing existing ordinances,
policies, programs and studies that address storm water runoff quaity. In addition to ng
these existing documents and programs, you should provide opportunities to the public to
participate in the development of the program. Non-structural BMPs are preventative actions that
involve management and source controls such as. policies and ordinances that provide
requirements and standards to direct growth to identified areas, protect senditive areas such as
wetlands and riparian areas, maintain and/or increase open space (including a dedicated funding
source for open space acquisition), provide buffers aong sensitive water bodies, minimize
impervious surfaces, and minimize disturbance of soils and vegetation; policies or ordinances
that encourage infill development in higher density urban areas, and areas with existing
infrastructure; education programs for developers and the public about project designs that
minimize water quality impacts, and measures such as minimization of percent impervious area
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after development and minimization of directly connected impervious aress. Structura BMPs
include: storage practices such as wet ponds and extended- detention outlet structures, filtration
practices such as grassed swales, sand filters and filter strips; and infiltration practices such as
infiltration basins and infiltration trenches. EPA recommends that you ensure the gppropriate
implementation of the structura BMPs by consdering some or dl of the following: pre-
congtruction review of BMP designs; inspections during construction to verify BMPs are built as
designed; post- congtruction ingpection and maintenance of BMPs,; and pendty provisons for the
noncompliance with design, congtruction or operation and maintenance. Storm water
technologies are congtantly being improved, and EPA recommends that your requirements be
responsive to these changes, developments or improvements in control technologies.

BMP Fact Sheets
Structural BMPs
Ponds

Dry extended detention ponds

Wet ponds

Infiltration practices
Infiltration basin

Infiltration trench

Porous pavement

Filtration practices
Bioretention

Sand and organic filters

Vegetative practices

Storm water wetland

Grassed swales
Grasd filter gtrip

Runoff pretreatment practices

Catch basin

In-line Sorage
Manufactured products for ssorm water inlets
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Nonstructural BMPs
Experimental practices
Alum injection

On-lot Treatment

On-Lot treatment

Better site design

Buffer zones

Open space design

Urban forestry

Consarvation easements

Infragtructure planning

Narrower residentia streets

Eliminating curbs and gqutters

Green parking

Alternative turnarounds

Alternative pavers

BM P inspection and maintenance

Ordinances for postconstruction runoff

Zoning
Additional Fact Sheets

Bioretention
Hydrodynamic Separators
Infiltration Drainfidds

Infiltration Trench

Modular Treatment System

Porous Pavement

Sand Filters
Storm Water Wetlands

Post-Construction Storm Water Management
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Vegetative Swaes

Water Qudity Inlets

Wet Detention Ponds
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Structural BMPs

Ponds

Dry Extended Detention Pond

Postconstruction Storm Water M anagement
in New Development and Redevelopment

Description

Dry extended detention ponds (a.k.a. dry ponds,
extended detention basins, detention ponds,
extended detention ponds) are basins whose
outlets have been designed to detain the storm
water runoff from awater quality design sorm
for some minimum time (e.g., 24 hours) to dlow
particles and associated pollutants to settle.
Unlike wet ponds, these facilities do not have a
large permanent pool. However, they are often
designed with smdl pools a the inlet and outlet
of the basin. They can aso be used to provide L

flood control indudina additiona flood A dry extended detention pond is designed to
. by ng temporarily detain munoff during storm events
detention storage.

Applicability

Dry extended detention ponds are among the most widely gpplicable storm water management
practices. Although they have limited gpplicability in highly urbanized settings, they have few
other restrictions.

Regional Applicability

Dry extended detention ponds can be gpplied in dl regions of the United States. Some minor
design modifications might be needed, however, in cold or arid climates or in regions with karst
(i.e. limestone) topography.

Ultra-Urban Areas

Ultra-urban aress are densaly developed urban areas in which little pervious surface is present. It
isdifficult to use dry extended detention ponds in the ultra- urban environment because of the
land area each pond consumes. They can, however, be used in an ultra-urban environment if a
relaively large areais avallable downstream of the pond.

Storm Water Hot Spots

Storm water hot spots are areas where land use or activities generate highly contaminated runoff,
with concentrations of pollutants in excess of those typicaly found in storm water. Dry extended
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detention ponds can accept runoff from storm water hot spots, but they need significant
separation from ground water if they will be used for this purpose.

Sorm Water Retrofit

A storm water retrofit is a storm water management practice (usudly structurd) put into place
after development has occurred to improve water qudity, protect downstream channels, reduce
flooding, or meet other specific objectives. Dry extended detention ponds are very ussful gorm
water retrofits, and they have two primary applications as a retrofit desgn. In many communities
in the pagt, detention basins have been designed for flood contral. It is possible to modify these
facilities to incorporate features that encourage water quality control and/or channel protection. It
is aso possible to construct new dry pondsin open areas of awatershed to capture existing
drainage.

Cold Water (Trout) Sreams

A study in Prince George's County, Maryland, found that storm water management practices can
increase stream temperatures (Galli, 1990). Overdl, dry extended detention ponds increased
temperature by about 5°F. In cold water streams, dry ponds should be designed to detain storm
water for ardaivey short time (i.e,, less than 12 hours) to minimize the amount of warming that
occurs in the practice.

Siting and Design Consider ations
Sting Considerations

Although dry extended detention ponds can be applied rather broadly, designers need to ensure
that they are feasible at the Stein question. This section provides basic guiddinesfor Sting dry
extended detention ponds.

Drainage Area

In generd, dry extended detention ponds should be used on sites with a minimum area of 10
acres. On smaller gtes, it can be chdlenging to provide channel or water qudity control because
the orifice diameter at the outlet needed to control rdatively smal storms becomes very smdll
and thus prone to clogging. In addition, it is generadly more codt- effective to control larger
drainage areas due to the economies of scale (see Cost Congderations).

Slope

Dry extended detention basins can be used on sites with dopes up to about 15 percent. The loca
dope needsto be rlatively flat, however, to maintain reasonably flat Sde dopesin the practice.
Thereis no minimum dope requirement, but there does need to be enough eevation drop from
the pond inlet to the pond outlet to ensure that flow can move through the system.

Soils/ Topography

Extended detention basins can be used with dmost al soils and geology, with minor design
adjustments for regions of karst topography or in rgpidly percolating soils such as sand. In these
aress, extended detention ponds should be designed with an impermegble liner to prevent ground
water contamination or sinkhole formation.
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Ground Water

Except for the case of hot spot runoff, the only consderation regarding ground water is that the
base of the extended detention facility should not intersect the ground water teble. A
permanently wet bottom may become a mosquito breeding ground. Research in Southwest
Florida (Santana et d., 1994) demondtrated that intermittently flooded systems, such as dry
extended detention ponds, produce more maosguitoes than other pond systems, particularly when
the facilities remained wet for more than 3 days following heavy rainfall.

Design Considerations

Specific designs may vary consderably, depending on Site congtraints or preferences of the
designer or community. Some features, however, should be incorporated into most dry extended
detention pond designs. These design features can be divided into five basic categories:
pretrestment, treatment, conveyance, maintenance reduction, and landscaping.

Pretreatment

Pretrestment incorporates design features that help to settle out coarse sediment particles. By
removing these particles from runoff before they reach the large permanent pool, the

mai ntenance burden of the pond is reduced. In ponds, pretreatment is achieved with a sediment
forebay, whichisasmdl poadl (typicaly about 10 percent of the volume of water to be treated
for pollutant remova).

Treatment

Trestment design features help enhance the ability of a scorm water management practice to
remove pollutants. Designing dry ponds with a high length-to-width ratio (i.e, at least 1.5:1) and
incorporating other design features to maximize the flow path effectively increases the detention
timein the sysem by diminating the potentia of flow to short-circuit the pond. Designing ponds
with relatively flat sde dopes can aso help to lengthen the effective flow path. Findly, the pond
should be sized to detain the volume of runoff to be treated for between 12 and 48 hours.

Conveyance

Conveyance of storm water runoff into and through a storm water management practiceisa
critical component of any such practice. Storm water should be conveyed to and from practices
safely in amanner that minimizes eroson potentid. The outfall of pond systems should aways
be stabilized to prevent scour. To convey low flows through the system, designers should
provide apilot channd. A pilot channel is a surface channel that should be used to convey low
flows through the pond. In addition, an emergency spillway should be provided to safely convey
large flood events. To help mitigate warming at the outlet channel, designers should provide
shade around the channel at the pond outlet.

Maintenance Reduction

In addition to regular maintenance activities needed to maintain the function of storm water
practices, some design features can be incorporated to ease the maintenance burden of each
practice. In dry extended detention ponds, a"micropool” a the outlet can prevent resuspension
of sediment and outlet clogging. A good design includes maintenance access to the forebay and
micropool.
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Another design feature that can reduce maintenance needs is a nortclogging outlet. Typicd
examples include a reverse-dope pipe or aweir outlet with atrash rack. A reverse dope pipe
draws from below the permanent pool extending in areverse angle up to the riser and determines
the water elevation of the micropool. Because these outlets draw water from below the level of
the permanent poal, they are less likely to be clogged by floating debris.

Landscaping

Desgners should maintain a vegetated buffer around the pond and should select plants within the
extended detention zone (i.e., the portion of the pond up to the elevation where storm water is
detained) that can withstand both wet and dry periods. The side dopes of dry ponds should be
relatively flat to reduce safety risks.

Design Variations

Dry Detention Ponds

Dry detention ponds are similar in design to extended detention ponds, except that they do not
incorporate features to improve water quaity. In particular, these practices do not detain storm
water from smdl-flow events. Therefore, detention ponds provide almost no pollutant removal.
However, dry ponds can help to meet flood control, and sometimes channel protection,
objectivesin awatershed.

Tank Storage

Another variation of the dry detention pond design isthe use of tank storage. In these designs,
storm water runoff is conveyed to large storage tanks or vaults underground. This practiceis
mogt often used in the ultra-urban environment, on small Stes where no other opportunity is
available to provide flood control. Tank storage is provided on small areas because providing
underground storage for alarge drainage area would generaly be cost-prohibitive. Because the
drainage area contributing to tank storage istypicaly smal, the outlet diameter needed to reduce
the flow from very smal sormswould very smdl. A very smdl outlet diameter, dong with the
underground location of the tanks, creates the potentia for debris being caught in the outlet and
resulting maintenance problems. Since it is necessary to control small runoff events (such asthe
runoff from a 1-inch storm) to improve weater quality, it is generdly infeasible to use tank storage
for water quality and generally impractica to use it to protect stream channels.

Regional Variations
Arid or Semi-Arid Climates

In arid and semi-arid regions, some modifications might be needed to conserve scarce water
resources. Any landscaping plans should prescribe drought-tolerant vegetation wherever
possible. In addition, the wet forebay can be replaced with an aternative dry pretreatment, such
as adetention cell. One opportunity in regions with adistinct wet and dry season, asin many arid
regions, isto use regiona extended detention ponds as arecreation area such asabal fied
during the dry season.



National Menu for BMP Practices Post-Construction Storm Water Management

Cold Climates

In cold climates, some additiona design features can help to treat the spring snowmelt. One such
modification isto increase the volume available for detention to help treat this rdatively large
runoff event. In some cases, dry facilities may be an option as a snow storage facility to promote
some trestment of plowed snow. If apond is used to treat road runoff or is used for snow storage,
landscaping should incorporate sdt-tolerant gpecies. Findly, sediment might need to be removed
from the forebay more frequently than in warmer climates (see Maintenance Congderations for
guidelines) to account for sediment deposited as aresult of road sanding.

Limitations

Although dry extended detention ponds are widely gpplicable, they have some limitations that
might make other storm water management options preferable:

Dry extended detention ponds have only moderate pollutant remova when compared to
other structural storm water practices, and they are ineffective a removing soluble
pollutants (See Effectiveness).

Dry extended detention ponds may become a nuisance due to mosguito breeding.

Habitat destruction may occur during congtruction if the practice is designed in-stream or
within the stream buffer.

Although wet ponds can increase property vaues, dry ponds can actualy detract from the
vaue of ahome (see Cost Congderations).

Dry extended detention ponds on their own only provide pegk flow reduction and do little to
control overal runoff volume, which could result in adverse downsiream impacts.

Maintenance Consider ations

In addition to incorporating features into the pond design to minimize maintenance, some regular
mai ntenance and inspection practices are needed. Table 1 outlines some of these practices.

Effectiveness

Structural management practices can be used to achieve four broad resource protection goas:
flood control, channd protection, ground water recharge, and pollutant removal. Dry extended
detention basins can provide flood control and channel protection, as well as some pollutant
removal.

Flood Control

One objective of storm water management practices can be to reduce the flood hazard associated
with large storm events by reducing the peek flow associated with these ssorms. Dry extended
detention basins can eadly be designed for flood control, and thisis actualy the primary purpose
of most extended detention ponds.
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Table 1. Typica maintenance activities for dry ponds (Source: Modified from WMI, 1997)

Activity Schedule
- Note erosion of pond banks or bottom Semiannua inspection
- Ingpect for damage to the embankment
- Monitor for sediment accumulation in the facility and
Annud
forebay : .

. : , ingpection

- Examineto ensure that inlet and outlet devices are free of

debris and operationa

- Repair undercut or eroded areas
- Mow side dopes

- Manage pedticide and nutrients

- Remove litter and debris

Standard maintenance

- Seed or sod to restore dead or damaged ground cover Anngs nrr;gted)

- Remove sediment from the forebay 5- to 7-year maintenance

- Monitor sediment accumulations, and remove sediment when
the pond volume has been reduced by 25 percent

25- to 50-year maintenance

Channel Protection

One result of urbanization is the geomorphic changes that occur in response to modified
hydrology. Traditionaly, dry extended detention basins have provided control of the 2-year
gorm (i.e., the storm that occurs, on average, once every 2 years) for channel protection. It
appears that this control has been relatively ineffective, and recent research suggests that control
of asmaler sorm might be more appropriate (MacRae, 1996). Sightly modifying the design of
dry extended detention basins to reduce the flow of smadler sorm events might make them
effective tools in reducing downstream erosion.

Pollutant Removal

Dry extended detention basins provide moderate pollutant removal, provided that the design
features described in the Siting and Design Consderations section are incorporated. Although
they can be effective a removing some pollutants through sttling, they are less effective at
removing soluble pollutants because of the absence of a permanent poal. A few udies are
available on the effectiveness of dry extended detention ponds. Typica removal rates, as
reported by Schueler (1997), are asfollows

Tota suspended solids. 61%

Tota phosphorus: 19%

Tota nitrogen: 31%

Nitrate nitrogen: 9%

Metas. 26%-54%

Thereis condderable varigbility in the effectiveness of ponds, and it is believed that properly
designing and maintaining ponds may help to improve their performance. The Siting and design
criteria presented in this sheet reflect the best current information and experience to improve the

10
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performance of wet ponds. A recent joint project of the American Society of Civil Engineers
(ASCE) and the USEPA Office of Water might help to isolate specific design features that can
improve performance. The Nationa Storm Water Best Management Practice (BMP) database is
acompilation of storm water practices that includes both design information and performance
datafor various practices. As the database expands, inferences about the extent to which specific
design criteriainfluence pollutant remova may be made. For more information on this database,
access the ASCE web page at http://www.asce.org.

Cost Considerations

Dry extended detention ponds are the least expensive storm water management practice, on the
basis of cost per unit areatreated. The congtruction costs associated with these facilities range
consderably. One recent study evaluated the cost of dl pond systems (Brown and Schueler,
1997). Adjusting for inflation, the cost of dry extended detention ponds can be estimated with the
equation

C=12.4V0 70

where:

C = Condtruction, design, and permitting cost, and

V = Volume needed to control the 10-year storm (ft°).
Using this equetion, typica congtruction costs are

$ 41,600 for a 1 acre-foot pond

$ 239,000 for a 10 acre-foot pond

$ 1,380,000 for a 100 acre-foot pond

Interestingly, these costs are generdly dightly higher than the cost of wet ponds on a cost per
total volume basis. Dry extended detention ponds are generdly less expengve on a given Site,
however, because they are usudly smdler than awet pond design for the same Site.

Ponds do not consume alarge area compared to the total areatreated (typically 2 to 3 percent of
the contributing drainage ared). It isimportant to note, however, that each pond is generaly

large. Other practices, such asfilters or swaes, may be "squeezed in" on rdatively unussble

land, but ponds need ardatively large continuous area.

For ponds, the annua cost of routine maintenance istypicaly estimated at about 3 to 5 percent of
the congtruction cost. Alternatively, acommunity can estimate the cost of the maintenance
activities outlined in the maintenance section. Findly, ponds are long-lived facilities (typicaly
longer than 20 years). Thus, theinitid investment into pond systems can be spread over a
relatively long time period.

Another economic concern associated with dry pondsis that they might detract dightly from the
value of adjacent properties. One study found that dry ponds can actuadly detract from the
perceived value of homes adjacent to adry pond by between 3 and 10 percent (Emmerling-
Dinovo, 1995).

11
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Wet Ponds

Postconstruction Storm Water M anagement
in New Development and Redevelopment

Description

Wet ponds (ak.a. storm water ponds, retention
ponds, wet extended detention ponds) are
congtructed basins that have a permanent pool of
water throughout the year (or at least throughout .
the wet season). Ponds treat incoming storm
water runoff by settling and algal uptake. The
primary remova mechanism is settling as dorm
water runoff resdes in this pool, and pollutant
uptake, particularly of nutrients, aso occurs
through biologicd activity in the pond. Wet AT T 5
ponds are amnong the most cost-effective and The primary functions of a wet pond are to
Wi dely used sorm water practic&s While there detain storm water an_d fa[:ilitat!a pull_utant
are severd different versions of the wet pond removal through settling and hiological uptake
design, the most common modification is the extended detention wet pond, where Storage is

provided above the permanent pool in order to detain storm water runoff in order to provide

ttling.

Applicability

Wet ponds are widdly applicable storm water management practices. Although they have limited
goplicahility in highly urbanized settings and in arid climates, they have few other regtrictions.

Regional Applicability

Wet extended detention ponds can be gpplied in most regions of the United States, with the
exception of arid climates. In arid regions, it is difficult to judtify the supplementd water needed
to maintain a permanent pool because of the scarcity of water. Even in semi-arid Audtin, Texas,
one study found that 2.6 acre-feet per year of supplementa water was needed to maintain a
permanent pool of only 0.29 acre-feet (Saunders and Gilroy, 1997). Other modifications and
design variaions are needed in semi-arid and cold climates, and karst (i.e., limestone)

topography.

Ultra-Urban Areas

Ultra- urban areas are densely developed urban areas in which little pervious surface exigs. It is
difficult to use wet ponds in the ultra- urban environment because of the land area each pond
consumes. They can, however, be used in an ultra-urban environment if ardatively large areais
available downstream of the Ste.

13
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Storm Water Hot Spots

Storm water hot spots are areas where land use or activities generate highly contaminated runoff,
with concentrations of pollutantsin excess of those typicdly found in ssorm water. A typica
exampleis a gas sation. Wet ponds can accept runoff from storm water hot spots, but need
sgnificant separation from ground water if they will be used for this purpose.

Sorm Water Retrofit

A storm water retrofit is a storm water management practice (usudly structurd) put into place
after development has occurred, to improve water quality, protect downstream channels, reduce
flooding, or meet other specific objectives. Wet ponds are very ussful siorm water retrofits and
have two primary gpplications as aretrofit design. In many communities, detention ponds have
been designed for flood contral in the padt. It is possible to modify these facilities to develop a
permanent wet pool to provide water quality control (see Treatment under Design
Congderations), and modify the outlet structure to provide channe protection. Alternatively, wet
ponds may be designed in-stream, or in open areas as a part of aretrofit study.

Cold Water (Trout) Streams

Wet ponds pose arisk to cold water systems because of their potentia for stream warming.
When water remainsin the permanent podl, it is heated by the sun. A study in Prince George's
County, Maryland, found that storm water wet ponds heat storm water by about 9°F from the
inlet to the outlet (Gdli, 1990).

Siting and Design Consider ations
Sting Considerations

In addition to the redtrictions and modifications to adapting wet ponds to different regions and
land uses, designers need to ensure that this management practice is feasible a the Stein
question. The following section provides basic guidelines for Siting wet ponds.

Drainage Area

Wet ponds need sufficient drainage area to maintain the permanent pool. In humid regions, this
istypicaly about 25 acres, but a greater area may be needed in regions with lessrainfal.

Slope

Wet ponds can be used on sites with an upstream dope up to about 15 percent. The loca dope
should be rdatively shalow, however. Although there is no minimum dope requirement, there
does need to be enough eevation drop from the pond inlet to the pond outlet to ensure that water
can flow through the system.

Soils/ Topography

Wet ponds can be used in dmogt al soils and geology, with minor design adjustments for
regions of karst topography (see Design Congderations).

14
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Ground Water

Unless they receive hot spot runoff, ponds can often intersect the ground water table. However,
some research suggests that pollutant remova is reduced when ground water contributes
subgtantialy to the pool volume (Schueder, 1997h).

Design Considerations

Specific designs may vary consderably, depending on Site congtraints or preferences of the
designer or community. There are some features, however, that should be incorporated into most
wet pond designs. These design features can be divided into five basic categories. pretreatment,
trestment, conveyance, maintenance reduction, and landscaping.

Pretreatment

Pretreatment incorporates design features that help to settle out coarse sediment particles. By
removing these particles from runoff before they reach the large permanent pool, the

mai ntenance burden of the pond is reduced. In ponds, pretreatment is achieved with a sediment
forebay. A sediment forebay isasmdl poal (typicaly about 10 percent of the volume of the
permanent pool). Coarse particles remain trapped in the forebay, and maintenance is performed
on thissmaler pool, eiminating the need to dredge the entire pond.

Treatment

Trestment design features help enhance the ability of a storm water management practice to
remove pollutants. The purpose of most of these featuresis to increase the amount of time that
gorm water remainsin the pond.

One technique of increasing the pollutant removal of a pond is to increase the volume of the
permanent pool. Typicdly, ponds are sized to be equa to the water qudity volume (i.e., the
volume of water treated for pollutant remova). Designers may consider using alarger volume to
meet pecific watershed objectives, such as phosphorous removal in alake system. Regardless of
the pool size, designers need to conduct awater balance anadysis to ensure that sufficient inflow
is available to maintain the permanent pool.

Other design features do not increase the volume of a pond, but can increase the amount of time
storm water remains in the practice and diminate short-circuiting. Ponds should dways be
designed with alength-to-width ratio of at least 1.5:1. In addition, the design should incorporate
features to lengthen the flow path through the pond, such as underwater berms designed to create
alonger route through the pond. Combining these two measures hel ps ensure that the entire pond
volumeis used to treat storm water. Another feature that can improve trestment isto use multiple
ponds in series as part of a"trestment train” approach to pollutant removal. This redundant
trestment can dso help dow the rate of flow through the system.

Conveyance

Storm water should be conveyed to and from al storm water management practices safely and to
minimize eroson potentid. The outfal of pond systems should dways be stabilized to prevent
scour. In addition, an emergency spillway should be provided to safely convey large flood

15
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events. To help mitigate warming &t the outlet channdl, designers should provide shade around
the channd at the pond outlet.

Maintenance Reduction

In addition to regular maintenance activities needed to maintain the function of storm water
practices, some design festures can be incorporated to ease the maintenance burden of each
practice. In wet ponds, maintenance reduction festures include techniques to reduce the amount
of maintenance needed, as well as techniques to make regular maintenance activities easer.

One potentid maintenance concern in wet pondsis clogging of the outlet. Ponds should be
designed with a non-clogging outlet such as areverse-dope pipe, or aweir outlet with atrash
rack. A reverse-dope pipe draws from below the permanent pool extending in areverse angle up
to the riser and establishes the water evation of the permanent pool. Because these outlets draw
water from below the leve of the permanent pool, they are less likely to be clogged by floating
debris. Another generd ruleisthat no orifice should be lessthan 3 inches in diameter. (Smdler
orifices are more susceptible to clogging).

Design features are a so incorporated to ease maintenance of both the forebay and the main pool
of ponds. Ponds should be designed with a maintenance access to the forebay to ease this
relatively routine (5—7 year) maintenance activity. In addition, ponds should generaly have a
pond drain to draw down the pond for the more infrequent dredging of the main cell of the pond.

Landscaping

Landscaping of wet ponds can make them an asset to a community and can aso enhance the
pollutant removal of the practice. A vegetated buffer should be preserved around the pond to
protect the banks from eraosion and provide some pollutant remova before runoff enters the pond
by overland flow. In addition, ponds should incorporate an aquatic bench (i.e., a shdlow shelf
with wetland plants) around the edge of the pond. This feature may provide some pollutant
uptake, and it dso helpsto stahilize the soil at the edge of the pond and enhance habitat and
aesthetic value.

Design Variations

There are several variations of the wet pond design. Some of these design dternatives are
intended to make the practice adaptable to various sites and to account for regiond congraints
and opportunities.

Wet Extended Detention Pond

The wet extended detention pond combines the treatment concepts of the dry extended detention
pond and the wet pond. In this design, the water quality volumeis split between the permanent
pool and detention storage provided above the permanent pool. During slorm events, water is
detained above the permanent pool and released over 12 to 48 hours. This design has Smilar
pollutant removal to a traditional wet pond and consumes |ess space. Wet extended detention
ponds should be designed to maintain at least haf the trestment volume of the permanent pool.

In addition, designers need to carefully select vegetation to be planted in the extended detention
zone to ensure that the selected vegetation can withstand both wet and dry periods.
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Pocket Pond

In this design dternative, apond drains a smdler areathan atraditiona wet pond, and the
permanent pool is maintained by intercepting the ground water. While this design achievesless
pollutant remova than a traditiona wet pond, it may be an acceptable dternative on Stes where
space isat a premium, or in aretrofit Stuation.

Water Reuse Pond

Some designers have used wet ponds to act as awater source, usudly for irrigation. In this case,
the water balance should account for the water that will be taken from the pond. One study
conducted in Florida estimated that a water reuse pond could provideirrigation for a 100-acre
golf course a about one-seventh the cost of the market rate of the equivaent amount of water
($40,000 versus $300,000).

Regional Adaptations
Semi-Arid Climates

In arid climates, wet ponds are not a feasible option (see Applicability), but they may possibly be
used in sami-arid climatesif the permanent poal is maintained with a supplemental water source,
or if the pool is dlowed to vary seasondly. This choice needs to be serioudy evauated,

however. Saunders and Gilroy (1997) reported that 2.6 acre-feet per year of supplemental water
were needed to maintain a permanent pool of only 0.29 acre-feet in Audtin, Texas.

Cold Climates

Cold climates present many chadlenges to designers of wet ponds. The spring snowmelt may
have a high pollutant load and a large volume to be treated. In addition, cold winters may cause
freezing of the permanent pool or freezing at inlets and outlets. Findly, high sdt concentrations
in runoff resulting from road salting, and sediment loads from road sanding, may impact pond
vegetation as well as reduce the storage and treatment capacity of the pond.

One option to ded with high pollutant loads and runoff volumes during the spring snowmdt is
the use of a seasondly operated pond to capture snowmelt during the winter, and retain the
permanent pool during warmer seasons. In this option, proposed by Oberts (1994), the pond has
two water qudity outlets, both equipped with gate vaves. In the summer, the lower outlet is
closed. During the fall and throughout the winter, the lower outlet is opened to draw down the
permanent pool. Asthe spring melt begins, the lower outlet is closed to provide detention for the
melt event. This method can act as a subdtitute for using a minimum extended detention Storage
volume. When wetlands preservation is a downstream objective, seasond manipulation of pond
levels may not be desired. An analysis of the effects on downstream hydrology should be
conducted before considering this option. In addition, the manipulation of this system requires
some labor and vigilance; a careful maintenance agreement should be confirmed.

Severd other modifications may help to improve the performance of pondsin cold climates.
Designers should congder planting the pond with salt-tolerant vegetation if the facility receives
road runoff. In order to counteract the effects of freezing on inlet and outlet structures, the use of
inlet and outlet sructures thet are resistant to frogt, including weirs and larger diameter pipes,
may be ussful. Desgning structures on-line, with a continuous flow of weater through the pond,
will dso help prevent freezing of these structures. Findly, since freezing of the permanent pool
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can reduce the effectiveness of pond systems, it may be useful to incorporate extended detention
into the design to retain usable treatment area above the permanent pool when it is frozen.

Kars Topography

Inkarst (i.e.,, limestone) topography, wet ponds should be designed with an impermesable liner to
prevent ground water contamination or Snkhole formation, and to help maintain the permanent

pool.
Limitations
Limitations of wet pondsinclude:
If improperly located, wet pond construction may cause loss of wetlands or forest.

Although wet ponds consume a small amount of space relative to their drainage aress,
they are often inappropriate in dense urban areas because each pond is generdly quite
large.

Their useisredricted in arid and semi-arid regions due to the need to supplement the
permanent poal.

In cold water streams, wet ponds are not afeasible option due to the potential for stream
warming.

Wet ponds may pose safety hazards.

Maintenance Consider ations

In addition to incorporating features into the pond design to minimize maintenance, some regular
mai ntenance and ingpection practices are needed. The table below outlines these practices.

Table 1. Typicd maintenance activities for wet ponds (Source: WMI, 1997)

Activity Schedule

If wetland components are included, inspect for invasive vegetation. Semi-annua ingpection

Inspect for damage.
Note signs of hydrocarbon build-up, and dea with appropriately.

Monitor for sediment accumulation in the facility and forebay. Annual inspection
Examine to ensure that inlet and outlet devices are free of debris

and operational.

Repair undercut or eroded areas. As needed maintenance

Clean and remove debris from inlet and outlet structures.

Mow side slopes. Monthly maintenance

Annua maintenance

Manage and harvest wetland plants. (if needed)

Remove sediment from the forebay. 5- to 7-year maintenance

Monitor sediment accumulations, and remove sediment when the
pool volume has become reduced significantly or the pond becomes | 20-to 50-year maintenance
eutrophic.

18




National Menu for BMP Practices Post-Construction Storm Water Management

Effectiveness

Structural storm water management practices can be used to achieve four broad resource
protection gods. These include flood control, channd protection, ground water recharge, and
pollutant remova. Wet ponds can provide flood control, channd protection, and pollutant
removd.

Flood Control

One objective of storm water management practices can be to reduce the flood hazard associated
with large storm events by reducing the pesak flow associated with these sorms. Wet ponds can
easlly be designed for flood control by providing flood storage above the leve of the permanent

pool.

Channel Protection

When used for channd protection, wet ponds have traditionally controlled the 2-year storm. It
appears that this control has been rdatively ineffective, and recent research suggests that control
of asmaler storm may be more gppropriate (MacRae, 1996).

Ground Water Recharge

Wet ponds cannot provide ground water recharge. Infiltration isimpeded by the accumulation of
debris on the bottom of the pond.

Pollutant Removal

Wet ponds are among the most effective storm water management practices a removing sorm
water pollutants. A wide range of research is available to estimate the effectiveness of wet ponds.
Table 2 summarizes some of the research completed on wet pond remova efficiency. Typica
removal rates, asreported by Schueler (1997a) are:

Tota Suspended Solids: 67%
Tota Phosphorous: 48%
Totd Nitrogen: 31%

Nitrate Nitrogen: 24%
Metas. 24-73%

Bacteria: 65%
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Table 2. Wet pond percent remova efficiency data

Wet Pond Removal Efficiencies

Sudy TSS |TP | TN INO3z| Metals |Bacteria| PracticeType
City of Austin, TX 1991.
woodhollow, TX 54 |46 | 9 | 45 69-76 46 wet pond
Driscoll 1983. Westleigh, MD 8L |54 |37 | - 26-82 - wet pond
'\D/Iol\rlman et al., 1989. West Pond, 65 | 25| - |61 | 4466 ) wet pond
Driscoll, 1983. Waverly Hills, MI 91 |79 | 62 | 66 | 57-95 - wet pond
Driscall, 1983. Unqua, NY 60 |45 | - - 80 86 wet pond
Cullum, 1985. Timber Creek, FL 64 |60 | 15 | 80 - - wet pond
_IC_:;Ey of Austin, TX 1996. St. EImo, o 80|19 |-17 258 89-91 wet pond
Horner, Guedry, and Kortenhoff, ] )
1990, SR 204, WA P AN 83-90 wet pond
Horner, Guedry, and Kortenhoff, ] )
1090, Seattle, WA 86.7 |784 65-67 wet pond
Kantrowitz and Woodham, 1995. ) )
Saint Joe's Creek, FL 45 | 45 36 33-82 wet pond
Wu, 1989. Runaway Bay, NC 62 |36 | - - 32-52 - wet pond
Driscoll 1983. Pitt-AA, Ml 32 |18 | - 7 13-62 - wet pond
Bannerman and Dodds, 1992. i i
Monroe Street, WI Q0 |65 65-75 70 wet pond
Horner, Guedry, and Kortenhoff, ] )
1990. Mercer, WA 75 | 67 23-51 wet pond
Oberts, Wotzka, and Hartsoe 1989. )
McKnight, MN 8 |48 |30 | 24 67 wet pond
Y ousef, Wanielista, and Harper ) ) ) - )
1986. Maitland, FL 87| 1 wet pond
Wu, 1989. Lakeside Pond, NC 93 |45 | - - 80-87 - wet pond
Oberts, Wotzka, and Hartsoe, 1989. )
Lake Ridge, MN 90 |61 |41 |10 73 wet pond
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Table 2. (continued)

Post-Construction Storm Water Management

Wet Pond Removal Efficiencies

Sudy TSS |TP | TN | NO3 | Metals |Bacteria| Practice Type
Driscoll, 1983. Lake Ellyn, IL #A | - - 71-78 - wet pond
Dorman et al., 1989. I-4, FL 69 | - 97 47-74 - wet pond
Martin, 1988. Highway Site, FL 37130 | 28 50-77 - wet pond
Driscoll, 1983. Grace Street, Ml P2 (12| 6 -1 26 - wet pond
Occoquan Watershed Monitoring ) ) )
Laboratory, 1983, Faam Pond, vA | &> | 86 | 34 wet pond
Occoquan Watershed Monitoring | ) )
L aboratory, 1983, Burke, VA B3| W > -84 wet pond
Dorman et a., 1989. Buckland, CT 61 |45 | - 22 |-25t0-51 - wet pond
I';|If>ller, 1989. Boynton Beach Mall, | o | 55 | _ 87 ) ) wet pond
Urbonas, Carlson, and Vang 1994. i i B i
Shop Creek, CO 78 |49 [-12 | -8 51-57 wet pond
Oberts and Wotzka, 1988. i i
McCarrons, MN 91 |78 | 85 0 wet pond
Gain, 1996. FL 54 |30 | 16 24 42-73 - wet pond
Ontario Ministry of the
. wet extended
(IE)?]\{;?gment, 1991. Uplands, 82 |69 | - - - 97 detention pond
Borden et al., 1096. Piedmont, NC | 196 (365|351 659 | -4t097 | -6 wet extended
detention pond
Holler, 1990. L ake Tohopekaliga - les | - ) ) ) wet extended
District, FL detention pond
Ontario Ministry of the
. wet extended
Environment 1991. Kennedy- 9B |79 | A4 - 21-39 9 .
Burnett, Ontario detention pond
Ontario Ministry of the
Environment 1991. East Barrhaven, | 52 | 47 | - - - 56 d\g[et e?(tended d
Ontario ention pon
Borden et a., 1996. Davis, NC 604 (462| 16 | 182 | 1551 48

_wet extended A
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‘ | ‘ ‘ ‘ ‘ | ‘ detention pond

There is congderable variability in the effectiveness of ponds, and it is believed that properly
designing and maintaining ponds may help to improve their performance. The siting and design
criteria presented in this sheet reflect the best current information and experience to improve the
performance of wet ponds. A recent joint project of the American Society of Civil Engineers
(ASCE) and the USEPA Office of Water may help to isolate specific design features that can
improve performance. The Nationa Stormwater Best Management Practice (BMP) databaseisa
compilation of storm water practices which includes both design information and performance
data for various practices. As the database expands, inferences about the extent to which specific
design criteriainfluence pollutant remova may be made. More information on this database is
available from the ASCE web page & www.asce.org.

Cost Considerations

Wet ponds are relatively inexpensive sorm water practices. The congtruction costs associated
with these facilities range considerably. A recent study (Brown and Schueler, 1997) estimated
the cost of avariety of sorm water management practices. The study resulted in the following
cogt equation, adjugting for inflation:

C=245V%7%

where:

C = Congtruction, design and permitting cost;

V = Volumein the pond to include the 10-year storm (ft%).
Using this equation, typica congruction cods are;
$45,700 for a 1 acre-foot fadility

$232,000 for a 10 acre-foot fadility

$1,170,000 for a 100 acre-foot fadlity

Ponds do not consume alarge area (typicaly 2—3 percent of the contributing drainage area).
Therefore, the land consumed to design the pond will not be very large. It isimportant to note,
however, that these facilities are generdly large. Other practices, such asfilters or swales, may
be "squeezed” into rdatively unusable land, but ponds need arddtively large continuous area.

For ponds, the annua cost of routine maintenance istypicaly estimated at about 3 to 5 percent of
the congtruction cost. Alternatively, a community can estimate the cost of the maintenance
activities outlined in the maintenance section. Ponds are long-lived fadilities (typically longer

than 20 years). Thus, the initial investment into pond systems may be spread over ardativey
long time period.

In addition to the water resource protection benefits of wet ponds, there is some evidence to
suggest that they may provide an economic benefit by increasing property vaues. The results of
one study suggest that "pond front”" property can increase the selling price of new properties by
about 10 percent (USEPA, 1995). Another study reported that the perceived vdue (i.e., the value
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estimated by residents of a community) of homes was increased by about 15 to 25 percent when
located near awet pond (Emmerling-Dinovo, 1995).
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Infiltration practices

Infiltration Basin

Postconstruction Storm Water M anagement
in New Development and Redevelopment

Description

An infiltration bagn is a shalow impoundment
which is designed to infiltrate sorm weter into
the ground water. This practice is believed to
have a high pollutant removd efficiency and can
aso help recharge the ground water, thus
restoring low flows to stream systems.
Infiltration basins can be chalenging to goply on
many stes, however, because of soils
requirements. In addition, some studies have
shown rdatively high falure rates compared with

other management practices.

Applicability Infiltration basins are designed to collect storm
water from impervious areas and provide

Infiltration basins have select gpplications. Ther pollutant removal benefits through detention

use is often sharply restricted by concerns over and filtration

ground water contamination, soils, and clogging a the site.
Regional Applicability

Infiltration basins can be utilized in most regions of the country, with some design modifications
in cold and arid climates. In regions of karst (i.e., limestone) topography, these storm water
management practices may not be applied due to concerns of sink hole formation and ground
water contamination.

Ultra-Urban Areas

Ultra- urban areas are densely developed urban areas in which little pervious surface exigts. In
these areas, few storm water practices can be easily applied due to space limitations. Infiltration
basins can rardly be applied in the ultra-urban environment. Two features that can redtrict their
use are the potentid of infiltrated water to interfere with exidting infrastructure, and the relatively
poor infiltration capacity of most urban soils. In addition, while they consume only the space of
the infiltration basin site itsdlf, they need a continuous, rdaively flat area. Thus, it ismore
difficult to fit them into small unusable areas on aSite.

Sorm Water Hot Spots

A storm water hot spot is an areawhere land use or activities generate highly contaminated
runoff, with concentrations of pollutants in excess of those typicaly found in ssorm water.
Infiltration basins should never receive runoff from storm water hot spots, unless the sorm water
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has aready been treated by another practice. This caution is due to potential ground water
contamination.

Sorm Water Retrofit

A storm water retrofit is a slorm water practice (usudly sructura) put into place after
development has occurred, to improve water quality, protect downstream channels, reduce
flooding, or meet other specific objectives. Infiltration basins have limited applicationsasa
sorm water retrofit. Their useis restricted by three factors. Firdt, infiltration basins should be
used to treat small stes (lessthan 5 acres). Practices that are applied to small sites, such as
infiltration basins, are generdly a high-cogt retrofit option in terms of congtruction cost and the
mai ntenance burden associated with the large number of practices needed to retrofit a watershed.
Second, it is often difficult to find areas where soils are appropriate for infiltration in an aready
urban or suburban environment. Findly, infiltration basins are best applied to small Stes, yet
need afla, rdatively continuous area. It is often difficult to find Steswith thistype of area
avaladle.

Cold Water (Trout) Sreams

Infiltration basins are an excdlent option for cold water streams because they encourage
infiltration of storm water and maintain dry weether flow. Because storm water travels
underground to the stream, it has little opportunity to increase in temperature.

Siting and Design Consider ations

When designing infiltration basins, designers need to carefully consider both the restrictions on
the site and design features to improve the long-term performance of the practice.

Sting Considerations

Infiltration practices need to be located extremely carefully. In particular, designers need to
ensure that the soils on the Site are gppropriate for infiltration, and that designs minimize the
potentid for ground water contamination and long-term maintenance problems.

Drainage Area

Infiltration basins have higtoricaly been used as regiond facilities, serving for both quantity and
quality control. In some regions of the country, this practice is feasble, particularly if the soils
are particularly sandy. In most areas, however, infiltration basins experience high rates of falure
when usad in this manner. In generd, the practice is best gpplied to reatively smdl drainage
aress (i.e, lessthan 10 acres).

Slope

The bottom of infiltration basins needs to be completdly flat to alow infiltration throughout the
entire basin bottom.

Soils'Topography

Soils and topography are strongly limiting factors when locating infiltration practices. Soils must
be dgnificantly permeable to ensure that the practice can infiltrate quickly enough to reduce the
potentia for clogging, and soils that infiltrate too rapidly may not provide sufficient trestment,
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creating the potentia for ground water contamination. The infiltration rate should range between
0.5 and 3 inches per hour. In addition, the soils should have no greater than 20 percent clay
content, and less than 40 percent Slt/clay content (MDE, 2000). Findly, infiltration basins may
not be used in regions of karst topography, due to the potentia for sinkhole formation or ground
water contamination.

Ground Water

Designers dways need to provide sgnificant separation distance (2 to 5 feet) from the bottom of
the infiltration basin and the seasondly high ground water table, to reduce the risk of
contamination. Infiltration practices should aso be separated from drinking water wells.

Design Considerations

Specific designs may vary considerably, depending on Site congtraints or preferences of the
designer or community. There are some features, however, that should be incorporated into most
infiltration basin designs. These design fegtures can be divided into five basic categories:
pretreatment, trestment, conveyance, maintenance reduction, and landscaping.

Pretreatment

Pretrestment refers to design features that provide settling of large particles before runoff reaches
amanagement practice, easing the long-term maintenance burden. Pretreatment isimportant for
al sructurd management practices, but it is particularly important for infiltration practices. In
order to ensure that pretrestment mechanisms are effective, designers should incorporate
"multiple pretreatment,” using practices such as grassed swaes, sediment basins, and vegetated
filter Sripsin series.

Treatment

Trestment design features enhance the pollutant remova of a practice. For infiltration practices,
designers need to stabilize upland soils to ensure that the basin does not become clogged with
sediment. In addition, the facility needs to be sized so that the volume of water to be trested
infiltrates through the bottom in a given amount of time. Because infiltration basins are designed
in this manner, infiltration basins desgned on less permeable soils should be sgnificantly larger
than those designed on more permesble soils.

Conveyance

Storm water needs to be conveyed through storm water management practices safely and ina
way that minimizes eroson. Designers need to be particularly careful in ensuring that channdls
leading to an infiltration practice are designed to minimize eroson. In generd, infiltration basins
should be designed to treat only smdl storms (i.e., only for water quality). Thus, these practices
should be designed "off-line" usng aflow separator to divert only smal flowsto the practice.

Maintenance Reduction

In addition to regular maintenance activities, designers aso need to incorporate features into the
design to ensure that the maintenance burden of a practice is reduced. These features can make
regular maintenance activities easier or reduce the need to perform maintenance. In infiltration
basins, designers need to provide access to the basin for regular maintenance activities. Where
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possible, ameans to drain the basin, such as an underdrain, should be provided in case the
bottom becomes clogged. This feature dlows the basin to be drained and accessed for
maintenance in the event that the water has ponded in the basin bottom or the soil is saturated.

Landscaping

Landscaping can enhance the aesthetic value of slorm water practices or improve their function.
Ininfiltration basins, the most important purpose of vegetation is to reduce the tendency of the
practice to clog. Upland drainage needs to be properly stabilized with athick layer of vegetation,
particularly immediately following congtruction. In addition, providing athick turf & the basin
bottom hel ps encourage infiltration and prevent the formation of rillsin the basin bottom.

Design Variations

Some modifications may be needed to ensure the performance of infiltration basinsin arid and
cold climates.

Arid or Semi-Arid Climates

In arid regions, infiltration practices are often highly recommended because of the need to
recharge the ground water. In arid regions, designers need to emphasize pretrestment even more
gtrongly to ensure that the practice does not clog, because of the high sediment concentrations
associated with storm water runoff in areas such as the Southwest. In addition, the basin bottom
may be planted with drought-tolerant species and/or covered with an dternative materia such as
sand or gravel.

Cold Climates

In extremely cold climates (i.e, regions that experience permafrost), infiltration basins may be

an infeasible option. In most cold climates, infiltration basins can be afeasible practice, but there
are some challenges to its use. Firgt, the practice may become inoperable during some portions of
the year when the surface of the basin becomes frozen. Other design features so may be
incorporated to ded with the chalenges of cold climates. One such chdlenge is the volume of
runoff associated with the spring snowmet event. The capacity of the infiltration basin might be
increased to account for snowmelt volume.

Another option is the use of a seasonably operated facility (Oberts, 1994). A seasondly operated
infiltration/detention basin combines severd techniques to improve the performance of

infiltration practicesin cold climates. Two features, the underdrain system and level control

vaves, are useful in cold dlimates. These features are used as follows: At the beginning of the
winter season, the level control valve is opened and the soil is drained. As the snow beginsto
melt in the spring, the underdrain and the level control valves are closed. The snowmdt is
infiltrated until the capacity of the soil is reached. Then, the facility acts as a detention facility,
providing storage for particles to settle.

Other design features can help to minimize problems associated with winter conditions,
particularly concerns that chlorides from road sdting may contaminate ground water. The basin
may be disconnected during the winter to ensure that chlorides do not enter the ground water in
areas Where thisisaproblem, or if the basin is used to treat roadside runoff. Designers may adso
want to reconsder application of infiltration practices on parking lots or roads where deicing is
used, unlessit is confirmed that the practice will not cause eevated chloride levelsin the ground
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water. If the basin is used for snow storage, or to treat roadside or parking lot runoff, the basin
bottom should be planted with sdt-tolerant vegetation.

Limitations

Although infiltration basins can be useful practices, they have severd limitations. Infiltration

basns are not generdly aesthetic practices, particularly if they clog. If they clog, the soils

become saturated, and the practice can be a source of mosquitoes. In addition, these practices are
chalenging to apply because of concerns over ground water contamination and sufficient sail
infiltration. Finaly, maintenance of infiltration practices can be burdensome, and they have a
relatively high rate of falure.

Maintenance Consider ations

Regular maintenanceis critica to the successful operation of infiltration basins (see Table 1).
Higoricaly, infiltration basins have had a poor track record. In one study conducted in Prince
George's County, Maryland (Gdlli, 1992), dl of the infiltration basins investigated clogged
within 2 years. Thistrend may not be the same in soils with high infiltration rates, however. A
study of 23 infiltration basins in the Pacific Northwest showed better long-term performancein
an areawith highly permeable soils (Hilding, 1996). In this sudy, few of the infiltration basins
had failed after 10 years.

Table 1. Typica maintenance activities for infiltration basins (Source: Modified from WMI,
1997)

Activity Schedule
Ingpect facility for Sgns of wetness or damage to structures
Note eroded aress.
If dead or dying grass on the bottom is observed, check to Semi-annua
ensure that water percolates 2—3 days following storms. inspection
Note signs of petroleum hydrocarbon contamination and
handle properly.
Mow and remove litter and debris. Standard
Stabilize of eroded banks. s
Repair undercut and eroded aress at inflow and outflow (as needed)
structures.
Disc or otherwise aerate bottom. Annud
Dethatch basin bottom. maintenance
Scrape bottom and remove sediment. Restore origina cross-
. . . 5-year
section and infiltretion rate. )
maintenance

Seed or sod to restore ground cover.
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Effectiveness

Structural management practices can be used to achieve four broad resource protection goals.
These include flood control, channd protection, ground water recharge, and pollutant remova.
Infiltration basins can provide ground water recharge and pollutant remova.

Ground Water Recharge

Infiltration basins recharge the ground water because runoff is treated for water quality by
filtering through the soil and discharging to ground weter.

Pollutant Removal

Very little data are available regarding the pollutant removal associated with infiltration basins. It
is generaly assumed that they have very high pollutant remova because none of the storm water
entering the practice remains on the surface. Schueler (1987) estimated pollutant remova for
infiltration basins based on data from land disposa of wastewater. The average pollutant
remova, assuming the infiltration basin is Szed to treat the runoff from a 1-inch sorm, is

TSS75%
Phosphorous 60—-70%
Nitrogen 55-60%
Metals 85-90%
Bacteria 90%

These removd efficiencies assume that the infiltration basin iswell designed and maintained.
The information in the Siting and Design Consderations and Maintenance Consderations
sections represent the best available information on how to properly design these practices. The
design references below aso provide additiond information.

Cost Consider ations

Infiltration basins are rdlatively cogt-effective practices because little infrastructure is needed
when constructing them. One study estimated the total construction cost at about $2 per ft*
(adjugted for inflation) of storage for a 0.25-acre basin (SWRPC, 1991). Infiltration basins
typicaly consume about 2 to 3 percent of the Ste draining to them, which is rdatively smal.
Maintenance costs are estimated at 5 to 10 percent of construction costs.

One cost concern associated with infiltration practices is the maintenance burden and longevity.
If improperly maintained, infiltration basins have a high failure rate (see Maintenance
Congderations). Thus, it may be necessary to replace the basin after areatively short period of
time.
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Infiltration Trench

Postconstruction Storm Water Management
in New Development and Redevelopment

Description

Aninfiltration trench (ak.a infiltration gdley) is arock-filled trench with no outlet thet receives
storm water runoff. Storm water runoff passes through some combination of pretreatment
mesasures, such as a swae and detention basin, and into the trench. There, runoff is stored in the
void space between the stones and infiltrates through the bottom and into the soil matrix. The
primary pollutant remova mechanism of this practice is filtering through the soil.
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Applicability

Infiltration trenches have sdect applications. While they can be gpplied in most regions of the
country, their useis sharply restricted by concerns due to common Site factors, such as potentia
ground water contamination, soils, and clogging.

Regional Applicability

Infiltration trenches can be utilized in most regions of the country, with some design
modificationsin cold and arid climates. In regions of karst (i.e., limestone) topography, these
storm water management practices may not be applied due to concerns of snk hole formation
and ground water contamination.

Ultra-Urban Areas

Ultra- urban areas are densely developed urban areas in which little pervious surface exists.
Infiltration trenches can sometimes be gpplied in the ultra- urban environment. Two features that
can redrict their use are the potentia of infiltrated water to interfere with existing infrastructure,
and the relatively poor infiltration of most urban soils.

Storm Water Hot Spots

Storm water hot spots are areas where land use or activities generate highly contaminated runoff,
with concentrations of pollutants in excess of those typicaly found in scorm water. Infiltration
trenches should not receive runoff from storm water hot spots, unless the storm water has dready
been treated by another storm water management practice, because of potentia ground water
contamination.

Sorm Water Retrofit

A storm water retrofit is a sorm water management practice (usualy structura) put into place
after development has occurred, to improve water quality, protect downstream channels, reduce
flooding, or meet other specific objectives. Infiltration trenches may be used as a sorm water
retrofit. Thelr use is somewhat restricted, however, by two factors. First, infiltration trenches
should be used to treaet smal sites (lessthan 5 acres). Smdl site ssorm water management
practices are generdly ahigh cost retrofit option in terms of congtruction cost and the
maintenance burden associated with the number of small Site practices. Second, it is often
difficult to find areas where soils are appropriate for infiltration in an dready urban or suburban
environmen.

Cold Water (Trout) Streams

Infiltration trenches are an excellent option for cold water streams because they encourage
infiltration of storm water. This sorm water does not warm asiit travels underground to the
recelving stream, lessening the temperature impacts commonly associated with urbanization.

Siting and Design Consider ations

Infiltration trenches have sdect gpplications. Although they can be gpplied in avariety of
gtuations, the use of infiltration trenches is restricted by concerns over ground weter
contamination, soils, and clogging.
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Sting Considerations

Infiltration practices need to be sited extremdy carefully. In particular, designers need to ensure
that the soils on dte are gppropriate for infiltration and that desgns minimize the potentid for
ground water contamination and long-term maintenance.

Drainage Area

Infiltration trenches generdly can be applied to rdativey smal stes (lessthan 5 acres), with
relatively high impervious cover. Application to larger sites generaly causes clogging, resulting
in ahigh maintenance burden.

Slope

Infiltration trenches should be placed on flat ground, but the dopes of the Ste draining to the
practice can be as steep as 15 percent.

Soils/'Topography

Soils and topography are strongly limiting factors when locating infiltration practices. Soils must
be sgnificantly permesble to ensure that the scorm water can infiltrate quickly enough to reduce
the potentia for clogging. In addition, soils that infiltrate too rapidly may not provide sufficient
treatment, creeting the potentiad for ground water contamination. The infiltration rate should

range between 0.5 and 3 inches per hour. In addition, the soils should have no greeter than 20-
percent clay content, and less than 40-percent sit/clay content (MDE, 2000). The infiltration rate
and texturd class of the soil need to be confirmed in the field; designers should not rely on more
generic information such as a soil survey. Findly, infiltration trenches may not be used in

regions of karst topography, due to the potentia for sinkhole formation or ground water
contamination.

Ground Water

Designers dways need to provide significant separation (2 to 5 feet) from the bottom of the
infiltration trench and the seasondly high ground water table, to reduce the risk of
contamination. In addition, infiltration practices should be separated from drinking weater wells.

Design Considerations

Specific desgns may vary considerably, depending on Site condtraints or preferences of the
designer or community. There are some features, however, that should be incorporated into most
infiltration trench designs. These design features can be divided into five basic categories:
pretreatment, trestment, conveyance, maintenance reduction, and landscaping.

Pretreatment

Pretreatment refers to design features that provide settling of large particles before runoff reaches
amanagement practice, easing the long-term maintenance burden. Pretreatment isimportant for
al gructurd storm water management practices, but it is particularly important for infiltration
practices. To ensure that pretreatment mechanisms are effective, designers should incorporate
"multiple pretrestment,” using practices such as grassed swales, vegetated filter Sirips, detention,
or aplunge poal in series.
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Treatment

Trestment design features enhance the pollutant remova of a practice. During the congtruction
process, the upland soils of infiltration trenches need to be stabilized to ensure that the trench
does not become clogged with sediment. Furthermore, the practice should befilled with large
clean stones that can retain the volume of water to be treated in their voids. Likeinfiltration
basins, this practice should be sized so that the volume to be treated can infiltrate out of the
trench bottom in 24 hours.

Conveyance

Storm water needs to be conveyed through storm water management practices safely, and in a
way that minimizes eroson. Designers need to be particularly careful in ensuring that channels
leading to an infiltration practice are designed to minimize erosion. Infiltration trenches should

be designed to treat only smdl storms, (i.e,, only for water qudity). Thus, these practices should
be designed "off-line" using a sructure to divert only smdl flowsto the practice. Findly, the
sdes of aninfiltration trench should be lined with a geotextile fabric to prevent flow from
caugng rills dong the edge of the practice.

Maintenance Reduction

In addition to regular maintenance activities, designers aso need to incorporate features into the
design to ensure that the maintenance burden of a practice is reduced. These features can make
regular maintenance activities easier or reduce the need to perform maintenance. Aswith all
management practices, infiltration trenches should have an access path for maintenance

activities. An observation well (i.e., a perforated PV C pipe that leads to the bottom of the trench)
can enable inspectors to monitor the drawdown rate. Where possible, trenches should have a
meansto drain the practice if it becomes clogged, such as an underdrain. An underdrainisa
perforated pipe sysem in agravel bed, ingtaled on the bottom of filtering practices to collect and
remove filtered runoff. An underdrain pipe with a shutoff valve can be used in an infiltration
system to act as an overflow in case of clogging.

Landscaping

In infiltration trenches, there is no landscaping on the practice itsdf, but it isimportant to ensure
that the upland drainage is properly stabilized with thick vegetation, particularly following
congtruction.

Regional Variations
Arid or Semi-Arid Climates

In arid regions, infiltration practices are often highly recommended because of the need to
recharge the ground water. One concern in these regions is the potentia of these practices to
clog, dueto rdatively high sediment concentrations in these environments. Pretreatment needs to
be more heavily emphasized in these dryer climates.

Cold Climates

In extremely cold climates (i.e., regions that experience permafrogt), infiltration trenches may be
an infeasible option. In mogt cold dimates, infiltration trenches can be afeasible management
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practice, but there are some chdlenges to their use. The volume may need to be increased in
order to treast snowmelt. In addition, if the practice is used to treat roadside runoff, it may be
desrable to divert flow around the trench in the winter to prevent infiltration of chloridesfrom
road sdting, where thisis a problem. Findly, aminimum setback from roads is needed to ensure
that the practice does not cause frost heaving.

Limitations

Although infiltration trenches can be a useful management practice, they have severd

limitations. While they do not detract visudly from a Ste, infiltration trenches provide no visud
enhancements. Their gpplication is limited due to concerns over ground water contamination and
other soils requirements. Findly, maintenance can be burdensome, and infiltration practices have
ardativey high rate of falure.

Maintenance Consider ations

In addition to incorporating features into the design to minimize maintenance, some regular
mai ntenance and ingpection practices are needed. Table 1 outlines some of these practices.

Table 1. Typicd maintenance activities for infiltration trenches (Source: Modified from WMI,
1997)

Activity Schedule

Check observation wells following 3 days of dry wesather.

Failure to percolate within this time period indicates
clogging. Semi-annua

Inspect pretreatment devices and diversion structures for
sediment build-up and structural damage.

Remove sediment and oil/grease from pretrestment devices Standard
and overflow structures. maintenance

If bypass capability isavailable, it may be possbleto

regain theinfiltration rate in the short term by using ma_5r-]tyear
measures such as providing an extended dry period.

Totd rehabilitation of the trench should be conducted to

maintain storage capacity within 2/3 of the design treatment _
volume and 72- hour exfiltration rate limit. Upon failure

Trench walls should be excavated to expose clean soil.

Infiltration practices have historically had a high rate of failure compared to other sorm water
management practices. One study conducted in Prince George's County, Maryland (Galli, 1992),
reveded that less than haf of the infiltration trenches investigated (of about 50) were il
functioning properly, and less than one-third till functioned properly after 5 years. Many of
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these practices, however, did not incorporate advanced pretrestment. By carefully selecting the
location and improving the design features of infiltration practices, their performance should
improve.

Effectiveness

Structural storm water management practices can be used to achieve four broad resource
protection gods. These include flood control, channdl protection, ground water recharge, and
pollutant removd. Infiltration trenches can provide ground water recharge, pollutant control, and
can help somewhat to provide channd protection.

Ground Water Recharge

Infiltration trenches recharge the ground water because runoff is treated for water quality by
filtering through the soil and discharging to ground weter.

Pollutant Removal

Vey little data are available regarding the pollutant remova associated with infiltration trenches.
It is generdly assumed that they have very high pollutant remova, because none of the sorm
water entering the practice remains on the surface. Schuder (1987) estimated pollutant removal
for infiltration trenches based on data from land disposal of wastewater. The average pollutant
removd, assuming the infiltration trench is Szed to treat the runoff from a 1-inch sorm, is:

TSS75%
Phosphorous 60-70%
Nitrogen 55-60%
Metals 85-90%
Bacteria 90%

These removd efficiencies assume that the infiltration trench is well designed and maintained.
The information in the Siting and Design Consderations and Maintenance Consderations
sections represent the best available information on how to properly design these practices. The
design references below provide additiona information.

Cost Considerations

Infiltration trenches are somewhat expensive, when compared to other slorm water practices, in
terms of cost per areatreated. Typica congtruction costs, including contingency and design
costs, are about $5 per ft* of storm water treated (SWRPC, 1991; Brown and Schueler, 1997).

Infiltration trenches typicaly consume about 2 to 3 percent of the site draining to them, which is
relatively smdl. In addition, infiltration trenches can fit into thin, linear areas. Thus, they can
generdly fit into rdatively unusable portions of agte.

One cost concern associated with infiltration practices is the maintenance burden and longevity.
If improperly maintained, infiltration trenches have a high fallure rete (see Maintenance
Condderations). In generd, maintenance cogts for infiltration trenches are estimated at between
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5 percent and 20 percent of the congtruction cost. More redlistic values are probably closer to the
20- percent range, to ensure long-term functiondity of the practice.
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Por ous Pavement

Postconstruction Storm Water M anagement
in New Development and Redevelopment

Description

Porous pavement is a permesabl e pavement
surface with an underlying stone reservoir to
temporarily store surface runoff before it
infiltrates into the subsoil. This porous surface
replaces traditiond pavement, dlowing parking
lot sorm water to infiltrate directly and receive
water quaity treatment. There are afew porous
pavement options, including porous asphalt,
pervious concrete, and grass pavers. Porous
asphalt and pervious concrete appear to be the
same astraditiond pavement from the surface,
but are manufactured without "fine" materids,
and incorporate void spaces to dlow infiltration. R EH

Grass pavers ae CQanae interl OCk.' ng blocks or A_puruus-;;a_wement p‘arking ot {Sﬁurce:
synthetic fibrous gridded systems with open Invisible Structures, no date)

aress designed to dlow grass to grow within the

void aress. Other dternative paving surfaces can help reduce the runoff from paved areas but do
not incorporate the stone trench for temporary storage below the pavement (see Green Parking
fact sheet). While porous pavement has the potentia to be ahighly effective treatment practice,
maintenance has been a concern in past gpplications of the practice.

Application

The ided application for porous pavement isto treat low-traffic or overflow parking aress.
Porous pavement may aso have some gpplication on highways, whereit is currently used asa
surface materid to reduce hydroplaning.

Regional Applicability

Porous pavement can be gpplied in most regions of the country, but the practice has unique
chalengesin cold climates. Porous pavement cannot be used where sand is applied to the
pavement surface because the sand will clog the surface of the material. Care aso needs to be
taken when applying sdt to a porous pavement surface as chlorides from road sat may migrate
into the ground water. For block pavers, plowing may be chalenging because the edge of the
snow plow blade can catch the edge of the blocks, damaging the surface. This difficulty does not
imply that it isimpossible to use porous pavement in cold climates. Another concern in cold
cimatesisthat infiltrating runoff below pavement may cause frost heave, dthough design
modifications can reduce this risk. Porous pavement has been used successfully in Norway
(Stenmark, 1995), incorporating design features to reduce frost heave. Furthermore, some
experience suggests that snow melts faster on a porous surface because of rapid drainage below
the snow surface (Cahill Associates, 1993).
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Ultra-Urban Areas

Ultra- urban areas are densely developed urban areas in which little pervious surface exigts.
Porous pavements are a good option in these areas because they consume no space. They are not
ided for high-traffic areas, however, because of the potentid for failure due to clogging (Gali,
1992).

Storm Water Hot Jpots

Storm water hot spots are areas where land use or activities generate highly contaminated runoff,
with concentrations of pollutants in excess of those typicdly found in storm water. These areas
include commercid nurseries, auto recycle facilities, commercid parking lots, fuding Sations,
storage aress, indudtria rooftops, marinas, outdoor container storage of liquids, outdoor
loading/unloading facilities, public works storage aress, hazardous materias generators (if
containers are exposed to rainfdl), vehicle service and maintenance aress, and vehicle and
equipment washing/steam cleaning facilities. Since porous pavement is an infiltration practice, it
should not be applied on storm water hot spots due to the potentia for ground water
contamination.

Sorm Water Retrofit

A gtorm water retrofit is a sorm water management practice (usudly structurd) put into place
after development has occurred, to improve water quality, protect downstream channels, reduce
flooding, or meet other specific objectives. Since porous pavement can only be applied to
relatively smal sites, using porous pavement as a primary tool for watershed retrofitting would
be expensive. The best gpplication of porous pavement for retrofitsis on individua Steswhere a
parking lot is being resurfaced.

Cold Water (Trout) Streams

Porous pavement can help to reduce the increased temperature commonly associated with
increased impervious cover. Storm water ponds on the surface of conventiona pavement, and is
subsequently heated by the sun and hot pavement surface. By rapidly infiltrating rainfdl, porous
pavement reduces the time that storm water is exposed to the sun and het.

Siting and Design Consider ations
Sting Considerations

Porous pavement has the same Siting considerations as other infiltration practices (see Infiltration
Trenchfact sheet). The Site needs to meet the following criteria

Soils need to have a permeability between 0.5 and 3.0 inches per hour.

The bottom of the stone reservoir should be completely flat so that infiltrated runoff will
be able to infiltrate through the entire surface.

Porous pavement should be sited at least 2 to 5 feet above the seasonaly high ground
water table, and at least 100 feet away from drinking water wells.

Porous pavement should be sited on low-traffic or overflow parking areas, which are not
sanded for snow removal.

a4
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Design Considerations

Some basi¢ features should be incorporated into al porous pavement practices. These design
features can be divided into five basic categories. pretreatment, treatment, conveyance,
mai ntenance reduction, and landscaping.

1. Pretreatment. In porous pavement designs, the pavement itsdf acts as pretreatment to the
stone reservoir below. Because the surface serves this purpose, frequent maintenance of
the surface is criticd to prevent clogging. Another pretrestment item can bethe
incorporation of afine gravel layer above the coarse gravel treetment reservoir. Both of
these pretrestment measures are marginal, which is one reason that these sysems have a
high falure rate.

2. Treatment. The stone reservoir below the pavement surface should be composed of layers
of smdl stone directly below the pavement surface, and the stone bed below the
permeable surface should be sized to attenuate storm flows for the storm event to be
treated. Typicaly, porous pavement is Sized to treat asmdl event, such as awater qudity
gorm (i.e., the storm that will be treated for pollutant removal), which can range from 0.5
to 1.5inches. Asininfiltration trenches, water can be stored only in the void spaces of
the stone reservoair.

Conveyance. Water is conveyed to the stone reservoir through the surface of the pavement and
infiltrates into the ground through the bottom of this stone reservair. A geosynthetic liner and
sand layer should be placed below the stone reservoir to prevent preferentia flow paths and to
maintain aflat bottom. Designs aso need some method to convey larger sorms to the storm
drain systlem. One option isto use sorm drain inlets set dightly above the devation of the
pavement. This would alow for some ponding above the surface, but would bypass flows that
are too large to be treated by the system or when the surface clogs.

3. Maintenance Reduction. One nonstructura component that can help ensure proper
maintenance of porous pavement is the use of a carefully worded maintenance agreement
that provides specific guidance, including how to conduct routine maintenance and how
the surface should be repaved. Idedly, signs should be posted on the Site identifying
porous pavement aress.

One design option incorporates an "overflow edge," which is atrench surrounding the
edge of the pavement. The trench connects to the stone reservoir below the surface of the
pavement. Although this festure does not in itself reduce maintenance requirements, it

acts as a backup in case the surface clogs. If the surface clogs, storm water will flow over
the surface and into the trench, where some infiltration and trestment will occur.

4. Landscaping. For porous pavement, the most important landscaping feature isafully
gtabilized upland drainage. Reducing sediment |loads entering the pavement can help to

prevent clogging.
Design Variations

In one design variaion, the stone reservoir below the filter can dso treat runoff from other
sources such as rooftop runoff. In this design, pipes are connected to the stone reservoir to direct

V)
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flow throughout the bottom of the storage reservoir (Cahill Associates, 1993; Schueler, 1987). If
used to treat off-gte runoff, porous pavement should incorporate pretreatment, as with al
structurd management practices.

Regional Adaptations

In cold dimeates, the base of the stone resaervoir should be below the frost line. This modification
will help to reduce the risk of frost heave.

Limitations

In addition to the rlatively gtrict Siting requirements of porous pavement, amgor limitation to
the practice is the poor successrate it has experienced in the field. Severd studies indicate thet,
with proper maintenance, porous pavement can retain its permeability (e.g., Goforth et a., 1983;
Ghurek and Urban, 1980; Hossain and Scofield, 1991). When porous pavement has been
implemented in communities, however, the failure rate has been as high as 75 percent over 2
years (Gdli, 1992).

M aintenance Consider ations

Porous pavement reguires extensive maintenance compared with other practices. In addition to
owners not being aware of porous pavement on a Site, not performing these maintenance
activitiesisthe chief reason for failure of this practice. Typica requirements are shown in

Table 1.

Table 1. Typicad maintenance activities for porous pavement (Source: WMI, 1997)

Activity Schedule
Avoid seding or repaving with norporous N/A
meaterids.
Ensure that paving areais clean of debris.
Ensure that paving dewaters between storms. Monthly

Ensure that the areais clean of sediments.

Mow upland and adjacent areas, and seed bare As needed

areas. (typically three
to

Vacuum sweep frequently to keep the surface four times per

free of sediment. year).

I nspect the surface for deterioration or spalling. Annual
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Effectiveness

Porous pavement can be used to provide ground water recharge and to reduce pollutants in storm
water runoff. Some data suggest that as much as 70 to 80 percent of annud rainfal will go

toward ground water recharge (Gburek and Urban, 1980). These datawill vary depending on
design characterigtics and underlying soils. Two studies have been conducted on the long-term
pollutant remova of porous pavement, both in the Washington, DC, area. They suggest high
pollutant removad, dthough it is difficult to extrgpolate these results to dl gpplications of the
practice. The results of the studies are presented in Table 2.

Table 2. Effectiveness of porous pavement pollutant remova (Schueler, 1987)

Pollutant Removal (%)

Sudy TSS | TP | TN COD Metals
Prince William, VA 82 65 80
Rockville, MD 95 65 85 82 98-99

Cost Considerations

Porous pavement is significantly more expengve than traditiona asphdt. While traditiona

asphalt is approximately $0.50 to $1.00 per ft2, porous pavement can range from $2 to $3 per ft?,
depending on the design (CWP, 1998; Schuder, 1987). Subtracting the cost of traditional
pavement, this amounts to gpproximately $45,000 and $100,000 per impervious acre treated,
which would be quite expensive. In addition, the cost of vacuum sweeping may be substantia if

a community does not areedy perform vacuum sweeping operations. Findly, the practice life

may be very short because therisk of clogging is high.
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Filtration practices

Bioretention

Postconstruction Storm Water M anagement
in New Development and Redevelopment

Description

Bioretention areas are |landscaping features
adapted to provide on-Ste trestment of sorm
water runoff. They are commonly located in
parking lot islands or within smal pockets of
resdentiad land uses. Surface runoff is directed
into shallow, landscaped depressons. These
depressions are designed to incorporate many of
the pollutant remova mechanisms that operatein
forested ecosystems. During storms, runoff ponds
above the mulch and soil in the system. Runoff
from larger gormsis generdly diverted past the
facility to the gorm drain system. The remaining
runoff filters through the mulch and prepared soil
mix. Typicdly, the filtered runoff is collected in
aperforated underdrain and returned to the storm
drain system.

Applicability

Bioretention areas can be used in parking areas
to collect and treat storm water (Source:
University of Maryland, 2000)

Bioretention systems are generdly gpplied to smdl stes and in ahighly urbanized setting.
Bioretention can be gpplied in many dimatological and geologic Stuations, with some minor

design modifications.
Regional Applicability

Bioretention systems are applicable amost everywhere in the United States. In arid or cold
climates, however, some minor design modifications may be needed.

Ultra-Urban Areas

Ultra- urban areas are densely developed urban areas in which little pervious surface exists.
Bioretention facilities are idedlly suited to many ultra-urban aress, such as parking lots. While
they consume afairly large amount of space (gpproximately 5 percent of the areathat drainsto
them), they can befit into existing parking lot idands or other landscaped aress.

Sorm Water Hot Spots

Storm water hot spots are areas where land use or activities generate highly contaminated runoff,
with concentrations of pollutantsin excess of those typicaly found in storm water. A typica
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exampleis agas Sation or convenience store parking lot. Bioretention areas can be used to treat
storm water hot pots as long as an impermeable liner is used at the bottom of the filter bed.

Sorm Water Retrofit

A gtorm water retrofit is a sorm water management practice (usudly structurd) put into place
after development has occurred, to improve water quality, protect downstream channels, reduce
flooding, or meet other specific objectives. Bioretention can be used as a slorm water retrofit, by
modifying exising landscaped aress, or if aparking lot is being resurfaced. In highly urbanized
aress, thisis one of the few retrofit options that can be employed. However, it is very expensve
to retrofit an entire watershed or subwatershed using ssorm water management practices designed
to treat smdl Stes.

Cold Water (Trout) Streams

Some speciesin cold water streams, notably trout, are extremely sendtive to changesin
temperature. In order to protect these resources, designers should avoid treatment practices that
increase the temperature of the slorm water runoff they treat. Bioretention isagood option in
cold water streams because water ponds in them for only a short time, decreasing the potentia
for stream warming.

Siting and Design Considerations

In addition to the broad applicability concerns described above, designers need to consider
conditions at the Site leve. In addition, they need to incorporate design features to improve the
longevity and performance of the practice, while minimizing the maintenance burden.

Sting

Some congderations for selecting a storm water management practice are the drainage areathe
practice will need to treet, the dopes both at the location of the practice and the drainage area,
s0il and subsurface conditions, and the depth of the seasonably high ground water table.
Bioretention can be gpplied on many stes, with its primary restriction being the need to gpply
the practice on smal dites.

Drainage Area

Bioretention areas should usualy be used on smal stes (i.e,, 5 acres or less). When used to treat
larger areas, they tend to clog. In addition, it is difficult to convey flow from alarge areato a
bioretention area.

Sope

Bioretention areas are best applied to relatively shalow dopes (usudly about 5 percent).
However, sufficient dope is needed at the Site to ensure that water that enters the bioretention
area can be connected with the storm drain system. These storm water management practices are
most often applied to parking lots or resdential landscaped areas, which generdly have shalow
dopes.
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Soil'Topography

Bioretention areas can be applied in dmost any soils or topography, since runoff percolates
through a man-made soil bed and is returned to the storm water system.

Ground Water

Bioretention should be separated somewhat from the ground water to ensure that the ground
water table never intersects with the bed of the bioretention facility. This design consideration
prevents possible ground water contamination.

Design Considerations

Specific designs may vary considerably, depending on Site congtraints or preferences of the
designer or community. There are some features, however, that should be incorporated into most
bioretention area designs. These design features can be divided into five basic categories.
pretreatment, trestment, conveyance, maintenance reduction, and landscaping.

Pretreatment

Pretreatment refers to features of a management practice that cause coarse sediment particles and
their associated pollutants to settle. Incorporating pretreatment helps to reduce the maintenance
burden of bioretention and reduces the likelihood that the soil bed will clog over time. Severd
different mechanisms can be used to provide pretrestment in bioretention facilities. Often, runoff
is directed to agrass channd or filter gtrip to filter out coarse materias before the runoff flows
into the filter bed of the bioretention area. Other features may include a pea grave digphragm,
which acts to spread flow evenly and drop out larger particles.

Treatment

Trestment design features help enhance the ability of a scorm water management practice to
remove pollutants. Severd basic features should be incorporated into bioretention designsto
enhance their pollutant remova. The bioretention system should be sized between 5 and 10
percent of the impervious area draining to it. The practice should be designed with a soil bed that
isasand/soil matrix, with amulch layer above the soil bed. The bioretention area should be
designed to pond asmal amount of water (6-9 inches) above the filter bed.

Conveyance

Conveyance of storm water runoff into and through a storm water practiceisacritica
component of any storm water management practice. Storm water should be conveyed to and
from practices safely and to minimize erosion potentid. 1dedlly, some storm water treatment can
be achieved during conveyance to and from the practice.

Bioretention practices are designed with an underdrain system to collect filtered runoff at the
bottom of the filter bed and direct it to the storm drain system. An underdrain is a perforated pipe
sysemin agrave bed, ingtdled on the bottom of the filter bed. Designers should provide an
overflow dructure to convey flow from stormsthat are not treated by the bioretention facility to
the sorm drain.



National Menu for BMP Practices Post-Construction Storm Water Management

Maintenance Reduction

In addition to regular maintenance activities needed to maintain the function of sorm water
practices, some design features can be incorporated to reduce the required maintenance of a
practice. Designers should ensure that the bioretention areais easily accessible for maintenance.

Landscaping

Landscaping is critical to the function and aesthetic value of bioretention aregs. It is preferable to
plant the area with native vegetation, or plants that provide habitat value, where possible.
Another important desgn feature isto sdect species that can withstand the hydrologic regime
they will experience. At the bottom of the bioretention facility, plants that tolerate both wet and
dry conditions are preferable. At the edges, which will remain primarily dry, upland species will
be the mogt resilient. Findly, it is best to select a combination of trees, shrubs, and herbaceous
materias.

Design Variations

One design dternative to the traditiond bioretention practice isthe use of a"partid exfiltration”
system, used to promote ground water recharge. Other design modifications may make this
practice more effectivein arid or cold climates.

Partial Exfiltration

In one design variation of the bioretention system, the underdrain is only ingtaled on part of the
bottom of the bioretention system. This design dternative dlows for some infiltration, with the
underdrain acting as more of an overflow. This system can be gpplied only when the soils and
other characterigtics are gppropriate for infiltration (see Infiltration Trench and Infiltration
Basin).

Arid Climates
In arid climates, bioretention areas should be landscaped with drought-tolerant species.
Cold Climates

In cold climates, bioretention areas can be used as snow storage aress. If used for this purpose, or
if used to treat runoff from a parking lot where sdt is used as a deicer, the bioretention area
should be planted with sdt-tolerant, nonwoody plant species.

Limitations

Bioretention areas have afew limitations. Bioretention areas cannot be used to treet alarge
drainage areg, limiting their usefulness for some Sites. In addition, athough the practice does not
consume alarge amount of space, incorporating bioretention into a parking lot design may
reduce the number of parking spaces available. Findly, the construction cost of bioretention
aressisrelatively high compared with many other management practices (see Cost
Condderations).
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Maintenance Consider ations

Bioretention requires frequent landscaping maintenance, including measures to ensure thet the
areaisfunctioning properly, as well as maintenance of the landscaping on the practice. In many
cases, bioretention areas initidly require intense maintenance, but less maintenance is needed
over time. In many cases, maintenance tasks can be completed by alandscaping contractor, who
may dready be hired at the Ste.

Table 1. Typicd maintenance activities for bioretention areas (Source: ETA and Biohabitats,
1993)

Activity Schedule
Remulch void areas
Treat diseased trees and shrubs As needed
Mow turf areas
Water plants daily for 2 weeks At proj(_act
completion
Inspect soil and repair eroded areas
W anarepar Monthly
Remove litter and debris
Remove and replace dead and diseased :
vegetation Twice per year
Add mulch
Once per year

Replace tree stakes and wires

Effectiveness

Structura storm water management practices can be used to achieve four broad resource
protection goals. These include flood control, channd protection, ground water recharge, and
pollutant remova. In generd, bioretention areas can provide only pollutant remova.

Flood Control

Bioretention areas are not designed to provide flood control. These larger flows must be diverted
to a detention pond that can provide flood peak reduction.

Channel Protection

Bioretention areas are generdly not designed to provide channel protection because at the scae
a which they are typicaly ingdled they are not able to infiltrate large volumes. (They are
typicaly designed to treat and infiltrate the first inch of runoff and are bypassed by larger flows
that can erode channels)) Channel protection must be provided by other means, such as ponds or
other volume control practices.
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Ground Water Recharge

Bioretention areas do not usually recharge the ground water, except in the case of the partia
exfiltration design (see Design Variations).

Pollutant Removal

Little pollutant remova data have been collected on the pollutant remova effectiveness of
bioretention areas. A field and laboratory analysis of bioretention facilities conducted by Davis et
a. (1997), showed very high removal rates (roughly 95 percent for copper, 98 percent for
phosphorus, 20 percent for nitrate, and 50 percent for totd Kjeldhal nitrogen (TKN). Table 2
shows data from two other studies of field bioretention sitesin Maryland.

Table 2. Pollutant remova effectiveness of two bioretention areasin Maryland (USEPA, 2000).

Pollutant Pollutant Removal

Copper 43%-97%
Lead 70%-95%
Zinc 64%-95%
Phosphorus 65%—-87%
TKN 52-67%
NH," 92%

NO3 15%-16%
Totd nitrogen (TN) 49%
Cdcium 27%

Assuming that bioretention systems behave smilarly to swales, their removal rates are relatively
high. The negative remova rate for bacteriamay reflect sampling errors, such asfalureto
account for bacterid sourcesin the practice. Alternatively, these data may be the result of
bacteria reproduction in the moist soils of swale systems.

Thereis consgderable variability in the effectiveness of bioretention areas, and it is believed that
properly designing and maintaining these areas may help to improve their performance. The
gting and design criteria presented in this sheet reflect the best current information and
experience to improve the performance of bioretention aress. A recent joint project of the
American Society of Civil Engineers (ASCE) and the EPA Office of Water may help to isolate
specific desgn features that can improve performance. The Nationd Stormwater Best
Management Practice (BMP) database is a compilation of storm water practices which includes
both design information and performance data for various practices. As the database expands,
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inferences about the extent to which specific design criteria influence pollutant remova might be
made. More information on this database is accessible on the ASCE web page at
http://www.asce.org.

Cost Considerations

Bioretention areas are rdatively expensive. A recent sudy (Brown and Schueler, 1997)
edimated the cost of avariety of sorm water management practices. The study resulted in the
following cost equation for bioretention areas, adjusting for inflation:

C=7.30V%%

where:

C = Congtruction, design, and permitting cost ($); and
V = Volume of water treated by the fadility (ft3).

An important consideration when evauating the cogts of bioretention isthat this practice

replaces an area that most likely would have been landscaped. Thus, the true cost of the practice
isless than the congtruction cost reported. Similarly, maintenance activities conducted on
bioretention areas are not very different from maintenance of alandscaped area. The land
consumed by bioretention areasis reatively high compared with other practices (about 5 percent
of the drainage area). Again, this area should not necessarily be considered logt, since the
practice may only be dightly larger than atraditiona landscaped area. Findly, bioretention areas
can improve upon existing landscaping and can therefore be an aesthetic benefit.
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Sand and Organic Filters

Postconstruction Storm Water M anagement
in New Development and Redevelopment

Description

Sand filters are usudly two-chambered storm water practices, the first is a settling chamber, and
the second is afilter bed filled with sand or another filtering media. As sorm water flowsinto
the first chamber, large particles settle out, and then finer particles and other pollutants are
removed as sorm water flows through the filtering medium. There are severa modifications of
the basic sand filter design, including the surface sand filter, underground sand filter, perimeter
sand filter, organic mediafilter, and Multi- Chamber Trestment Train. All of thesefiltering
practices operate on the same basic principle. Modifications to the traditional surface sand filter
were made primarily to fit sand filtersinto more chalenging design stes (e.g, underground and
perimeter filters) or to improve pollutant remova (e.g., organic mediafilter).
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Schematic of a sand filter (Source: King County, Washington, 2000)

Applicability

Sand filters can be gpplied in most regions of the country and on most types of Stes. Some
redrictions at the ste level, however, might redtrict the use of sand filters as a storm water
management practice (see Siting and Design Congderations).

Regional Applicability

Although sand filters can be used in both cold and arid climates, some design modifications
might be necessary (See Siting and Design Consderations).
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Ultra-Urban Areas

Ultra- urban aress are densdly developed urban areas in which little pervious surface is present.
Sand filters in generd are good options in these areas because they consume little space.
Underground and perimeter sand filtersin particular are well suited to the ultra- urban setting
because they consume no surface space.

Storm Water Hot Jpots

Storm water hot spots are areas where land use or activities generate highly contaminated runoff,
with concentrations of pollutants in excess of those typicaly found in orm water. These areas
include commercia nurseries, auto recycle facilities, commercia parking lots, fuding stations,
storage aress, indudtria rooftops, marinas, outdoor container storage of liquids, outdoor
loading/unloading facilities, public works storage aress, hazardous materias generators (if
containers are exposed to rainfall), vehicle service and maintenance aress, and vehicle and
equipment washing/steam cleaning facilities. Sand filters are an excellent option to treat runoff
from storm water hot spots because storm water treated by sand filters has no interaction with,
and thus no potentia to contaminate, the groundwater.

Sorm Water Retrofit

A gtorm water retrofit is a sorm water management practice (usudly structurd) put into place
after development has occurred to improve water qudity, protect downstream channels, reduce
flooding, or meet other specific objectives. Sand filters are a good option to achieve water
quaity godsin retrofit sudies where space is limited because they consume very little surface
gpace and have few dite redtrictions. It isimportant to note, however, that sand filters cannot treet
avey large drainage area. Using smdl-ste BMPsin aretrofit may be the only option for a
retrofit study in ahighly urbanized areg, but it is expendve to treat the drainage area of an entire
watershed usng many small-gte practices, as opposed to one larger facility such as a pond.

Cold Water (Trout) Sreams

Some speciesin cold water streams, notably trout, are extremely senditive to changesin
temperature. To protect these resources, designers should avoid treatment practices that increase
the temperature of the storm water runoff they treat. Sand filters can be agood treatment option
for cold water streams. In some storm water trestment practices, particularly wet ponds, runoff is
warmed by the sun asit resdes in the permanent pool. Surface sand filters are typically not
designed with a permanent pool, athough 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 potentia for warming
because these practices are not exposed to the sun.

Siting and Design Consider ations

In addition to the broad applicability issues described above, designers need to consider
conditions at the Ste level and need to incorporate design festures to improve the longevity and
performance of the practice, while minimizing the maintenance burden.
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Sting Considerations

Some consderations when selecting a ssorm water management practice are the drainage area
the practice will need to treet, the dopes both at the location of the practice and draining to it,
soil and subsurface conditions, and the depth of the seasonably high ground water table.
Although sand filters are rlatively versatile, some Site redtrictions such as available head might
limit their use.

Drainage Area

Sand filters are best applied on relatively smdl sites (up to 10 acres for surface sand filters and
closer to 2 acres for perimeter or underground filters [MDE, 2000]). Filters have been used on
larger drainage areas, of up to 100 acres, but these systems can clog when they treat larger
drainage areas unless adequate measures are provided to prevent clogging, such as alarger
sedimentation chamber or more intensive regular maintenance.

Sope

Sand filters can be used on sites with Sopes up to about 6 percent. It is challenging to use most
sand filtersin very fla terrain because they require a sgnificant amount of eevation drop, or
head (about 5 to 8 feet), to alow flow through the system. One exception is the perimeter sand
filter, which can be gpplied with aslittle as 2 feet of head.

Soils/'Topography

When sand filters are designed as a sand-a one practice, they can be used on dmost any sl
because they can be designed so that slorm water never infiltrates into the soil or interacts with
the ground water. Alternatively, sand filters can be designed as pretreatment for an infiltration
practice, where soils do play arole.

Ground Water

Designers should provide &t least 2 feet of separation between the bottom of the filter and the
seasondly high ground weter table. This design feature prevents both structura damage to the
filter and possibly, though unlikely, ground weter contamination.

Design Considerations

Specific desgns may vary considerably, depending on Site condtraints or preferences of the
designer or community. Some features, however, should be incorporated into most designs.
These design features can be divided into five basic categories: pretreatment, treatment,
conveyance, maintenance reduction, and landscaping.

Pretreatment

Pretrestment isa critica component of any storm water management practice. In sand filters,
pretrestment is achieved in the sedimentation chamber that precedes thefilter bed. In this
chamber, the coarsest particles settle out and thus do not reach the filter bed. Pretreatment
reduces the maintenance burden of sand filters by reducing the potentia of these sediments to
clog the filter. Designers should provide at least 25 percent of the water qudity volumein adry
or wet sedimentation chamber as pretrestment to the filter syssem. The water qudity volume is
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the amount of runoff that will be treated for pollutant remova in the practice. Typica water
qudity volumes are the runoff from a 1-inch storm or %2 inch of runoff over the entire drainage
areato the practice.

The area of the sedimentation chamber may be determined based on the Camp-Hazen equation,
as adapted by the Washington State Department of Ecology (Washington State DOE, 1992). This
equation can be expressed as.

As=(Qo/W)In(1-E)

where:

As = surface area (ft?);

Qo = discharge rate from basin (water quaity volume/detention time);
W = particle settling velocity (ft/s);

[ CWP (1996) used a settling of 0.0004 ft/s for drainage areas greater than 75% impervious and
0.0033 ft/s for drainage areas less than or equal to 75% impervious to account for the finer
particles that erode from pervious surfaces.]

E = removd efficiency fraction (usualy assumed to be about 0.9(90%)).

Using the smplifying assumption of a 24-hour detention time, CWP (1996) reduced the above
equation to

As=0.066WTV (>75%)

As=0.0081WTV (< or = 75%)

where

WTV = water quaity volume (ft%), or the volume of storm water to be treated by the practice.
Treatment

Trestment design features help enhance the ability of a slorm water management practice to
remove pollutants. In filtering systems, designers should provide at least 75 percent of the water
qudity volumein the practice (including both the sand chamber and the sediment chamber). In
sand filters, designers should sdlect amedium sand as the filtering medium.

The filter bed should be sized usng Darcy's Law, which rdates the velocity of fluidsto the
hydraulic head and the coefficient of permegbility of a medium. The resulting equation, as
derived by the city of Audtin, Texas, (1996), is

AF=WTV d/[k t (h+d)]

where

AF = area of thefilter bed (ft?);

d = depth of the filter bed (ft; usualy about 1.5 feet, depending on the design);
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k = coefficient of permeshiility of the filtering medium (ft/day);

t = time for the water qudity volume to filter through the system (days, usudly assumed to be
1.67 days); and

h = average water height above the sand bed (ft; assumed to be one-hdf of the maximum head).
Typica vauesfor k, as assembled by CWP (1996), are shown in Table 1.
Table 1. Coefficient of permeability values for sorm water filtering practices (CWP, 1996)

Filter Medium Coefficien;tf%z;rmeability
Sand 35
Peat/Sand 275
Compost 87
Conveyance

Conveyance of storm water runoff into and through a storm water practiceisacritica
component of any storm water management practice. Storm water should be conveyed to and
from practices safdy and in a manner that minimizes erosion potentid. 1dedlly, some storm
water treetment can be achieved during conveyance to and from the practice.

Typicdly, filtering practices are designed as "off-ling" systems, meaning that they have the
gamdler water quaity volume diverted to them only during larger sorms, using aflow splitter,
which isadructure that bypasses larger flows to the sorm drain system or to a stabilized
channel. One exception isthe perimeter filter; in thisdesign, al flows enter the system, but
larger flows overflow to an outlet chamber and are not trested by the practice.

All filtering practices, with the exception of exfilter designs (see Desgn Variations) are desgned
with an under drain below the filtering bed. An under drain is a perforated pipe sysemina
gravel bed, indaled on the bottom of filtering practices and used to collect and remove filtered
runoff.

Maintenance Reduction

In addition to regular maintenance activities needed to maintain the function of sorm water
practices, some design features can be incorporated to ease the maintenance burden of each
practice. Designers should provide maintenance access to filtering systems. In underground sand
filters, confined space rules defined by the Occupationd Safety and Hedth Administration
(OSHA) need to be addressed.

Landscaping

Landscaping can add to both the aesthetic vaue and the treatment ability of storm water
practices. In sand filters, little landscaping is generdly used on the practice, dthough surface
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sand filters and organic media filters may be designed with a grass cover on the surface of the
filter. In Al filters, designers need to ensure that the contributing drainage has dense vegetation
to reduce sediment loads to the practice.

Design Variations

As mentioned earlier in this fact sheet, there are five basic sorm water filter designs--surface
sand filter, underground filter, perimeter filter (dso known asthe "Ddaware’ filter), organic
mediafilter, and Multi- Chamber Treatment Train. Other design variations can incorporate design
features to recharge ground water or to meet the design challenges of cold or arid climates.

Surface Sand Filter

The surface sand filter is the origind sand filter design. In this practice both the filter bed and the
sediment chamber are aboveground. The surface sand filter is designed as an off-line practice,
where only the water qudity volumeis directed to the filter. The surface sand filter isthe least
expengve filter option and has been the most widdly used.

Underground Sand Filter

The underground sand filter is amodification of the surface sand filter, where dl of thefilter
components are underground. Like the surface sand filter, this practice is an off-line sysem that
receives only the smaller water qudity events. Underground sand filters are expensve to
congtruct but consume very little space. They are wdl suited to highly urbanized aress.

Perimeter Sand Filter

The perimeter sand filter dso includes the basic desgn dements of a sediment chamber and a
filter bed. In this design, however, flow enters the system through grates, usudly at the edge of a
parking lot. The perimeter sand filter isthe only filtering option that is on-line, with al flows
entering the system but larger events bypassing treatment by entering an overflow chamber. One
magor advantage to the perimeter sand filter design isthat it requires little hydraulic head and
thusisagood option in areas of low rdlief.

Organic Media Filter

Organic mediafilters are essentidly the same as surface filters, with the sand medium replaced
with or supplemented by another medium. Two examples are the peat/sand filter (Gdli, 1990)
and the compogt filter system (CSF, 1996). The assumption is that these systems will have
enhanced pollutant remova for many compounds because of the increased cation exchange
capacity achieved by increasing the organic matter.

Multi- Chamber Treatment Train

The Multi- Chamber Treatment Train (Robertson et a., 1995) is essentidly a"deluxe sand filter.”
This underground system consists of three chambers. Storm water entersinto the first chamber,
where screening occurs, trapping large sediments and releasing highly volatile materids. The
second chamber provides settling of fine sediments and further remova of volatile compounds
and dso floatable hydrocarbons through the use of fine bubble diffusers and sorbent pads. The
find chamber provides filtration by using a sand and peat mixed medium for reduction of the
remaining pollutants. The top of thefilter is covered by afilter fabric that evenly digtributes the
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water volume and prevents channdlization. Although this practice can achieve very high
pollutant removd rates, it might be prohibitively expensivein many areas and has been
implemented only on an experimenta bass.

Exfiltration/Partia Exfiltration

In exfilter designs, al or part of the under drain system is replaced with an open bottom that
dlowsiinfiltration to the ground water. When the under drain is present, it is used as an overflow
device in case thefilter becomes clogged. These designs are best gpplied in the same soilswhere
infiltration practices are used (see Infiltration Basn and Infiltration Trench fact sheets).

Regional Variations
Arid Climates

Filters have not been widely used in arid climates. In these climates, however, it is probably
necessary to increase storage in the sediment chamber to account for high sediment loads.
Desgners should consider increasing the volume of the sediment chamber to up to 40 percent of
the water quality volume.

Cold Climates

In cold climates, filters can be used, but surface or perimeter filterswill not be effective during
the winter months, and unintended consegquences might result from afrozen filter bed. Using
dternative conveyance measures such as aweir system between the sediment chamber and filter
bed may avoid freezing associated with the traditiond standpipe. Where possible, the filter bed
should be below the frost line. Some filters, such as the peat/sand filter, should be shut down
during the winter. These mediawill become completely impervious during freezing conditions.
Using alarger under drain system to encourage rapid draining during the winter months may
prevent freezing of thefilter bed. Findly, the sediment chamber should be larger in cold climates
to account for road sanding (up to 40 percent of the water quaity volume).

Limitations

Sand filters can be used in unique conditions where many other sorm water management
practices are ingppropriate, such asin karst (i.e,, limestone) topography or in highly urbanized
settings. There are severd limitations to these practices, however. Sand filters cannot control
floods and generdly are not designed to protect stream channels from erasion or to recharge the
ground water. In addition, sand filters require frequent maintenance, and underground and
perimeter versions of these practices are easily forgotten because they are out of sight. Perhaps
one of the greatest limitations to sand filtersis that they cannot be used to treat large drainage
aress. Findly, surface sand filters are generdly not aesthetically pleasing management practices.
Underground and perimeter sand filters are not visible, and thus do not add or detract from the
aesthetic value of agte.

M aintenance Consider ations

Intense and frequent maintenance and ingpection practices are needed for filter sysems. Table 2
outlines some of these requirements.
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Table 2: Typica maintenancelingpection activities for filtration systems (Adapted from WMI,
1997; CWP, 1997)

Activity Schedule

Ensure that contributing area, filtering practice, inlets, and outlets
are clear of debris.

Ensure that the contributing areais stabilized and mowed, with
clippings removed.

Check to ensure that the filter surfaceis not clogging (also after Monthl
moderate and major storms). y
Ensure that activities in the drainage area minimize oil/grease and
sediment entry to the system.

If apermanent pool is present, ensure that the chamber does not
leak and that normal pool level isretained.

Replace sorbent pillows (Multi-Chamber Treatment Train only). Biannual

Check to see that thefilter bed is clean of sediments, and the
sediment chamber is no more than one-half full of sediment.
Remove sediment if necessary.

Make sure that there is no evidence of deterioration, sailing, or
cracking of concrete.

Inspect grates (if used).

Inspect inlets, outlets, and overflow spillway to ensure good Annual
condition and no evidence of erosion.

Repair or replace any damaged structural parts.
Stabilize any eroded areas.
Ensure that flow is not bypassing the facility.

Ensure that no noticeable odors are detected outside the facility.

Effectiveness

Structura storm water management practices can be used to achieve four broad resource
protection goas: flood control, channd protection, ground water recharge, and pollutant
remova. Filtering practices are for the most part adapted only to provide pollutant remova.

Ground Water Recharge

In exfilter designs, some ground water recharge can be provided; however, none of the other
sand filter designs can provide recharge.
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Pollutant Removal

Sand filters are effective sorm water management practices for pollutant removal. Removal retes
for dl sand filters and organic filters are presented in Table 3. With the exception of nitrates,
which appear to be exported from filtering systems, they perform rdatively well at removing
pollutants. The export of nitrates from filters may be caused by minerdization of organic

nitrogen in the filter bed. Table 3 shows typicd removd efficiencies for sand filters.

Table 3. Sand filter remova efficiencies (percent)

Compost Filter . .
Sand Filters Pea'F/Sand System Multi-Chamber Treatment Train
Filter
(Schueler, C
1997) ( 1%32)“ ' |Stewart,| Leif, | Pittetal, | Pitt
1992 | 1999 1997 1996 Grebetal., 1998

TSS 87 66 95 85 85 83
TP 51 51 41 4 80
TN a4 47 - -
Nitrate -13 2 -4 -95 - 14
Metals 34-80 26-75 61-88 | 44-75 65-90 91-100 83-89
Bacteria 55 - - -

From the few studies available, it is difficult to determine if organic filters necessarily have
higher removd efficiencies than sand filters. The Multi-Chamber Treatment Train appearsto
have high pollutant remova for some condtituents, athough these data are based on only a
handful of studies. The Sting and design criteria presented in this fact sheet reflect the best
current information and experience to improve the performance of sand filters. A recent joint
project of the American Society of Civil Engineers (ASCE) and the U.S. EPA Office of Water
may help to isolate specific design features that can improve performance. The Nationa
Stormwater Best Management Practice (BMP) database is a compilation of storm water practices
that includes both design information and performance data for various practices. Asthe
database expands, inferences about the extent to which specific design criteriainfluence
pollutant remova may be made. For more information on this database, access the ASCE web
page & http://www.asce.org.

Cost Considerations
There are few congstent data on the cost of sand filters, largely because, with the exception of

Audtin, Texas, Alexandria, Virginia, and Washington, D.C., they have not been widdly used.
Furthermore, filters have such varied designs that it is difficult to assgn acodt to filtersin
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generd. A study by Brown and Schuder (1997) was unable to find adtatigticaly vaid
relationship between the volume of water treated in afilter and the cost of the practice, but

typica tota cost of installation ranged between $2.50 and $7.50 per cubic foot of storm water
treated, with an average cost of about $5 per cubic foot. (This estimate includes approximately
25 percent contingency costs beyond the construction cogts reported). The cost per impervious
acre treated varies consderably depending on the region and design used (see Table 4). It is
important to note that, although underground and perimeter sand filters can be more expensve
than surface sand filters, they consume no surface space, making them areatively cost-effective
practice in ultra-urban areas where land is a a premium.

Table 4: Congruction cogts for various sand filters (Source: Schueler, 1994)

Region (Design) Cogt/ImperviousAcre

Delaware (Perimeter) $10,000
Alexandria, VA (Perimeter) $23,500
Augtin, TX (<2 acres) (Surface) $16,000
Austin, TX (>5 acres) (Surface) $3,400
Washington, DC (underground) $14,000

Denver, CO $30,000-$50,000

Multi-Chamber Trestment Train $40,000-$80,000
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Appendix |. Filter removd efficiency data

Filter Removal Efficiencies

Sudy TSS| TP | TN INOs|Metals|Bacteria Practice Type
Bell et dl., 1995 79 | 655 | 47 |-533| 25-91 - perimeter sand filter
Horner and Horner, 1995 83 (463 | - - 22-33 - perimeter sand filter
Horner and Horner, 1995 8 20 - - 31-69 - perimeter sand filter
Harper and Herr, 1993 98 | 61 - 27 | 37-89 - surface sand filter
Welborn and Veenhuis, 1987 78 | 27 | 27 |-100 | 33-60 81 surface sand filter
City of Austin, TX, 1990 7 | 59 | 4 | -13 | A-67 36 surface sand filter
City of Austin, TX, 1990 92 (8 |71 |23 | 49 83 surface sand filter
City of Austin, TX, 1990 86 |19 (3 | -5 | 3371 37 surface sand filter
City of Austin, TX, 1990 87 | 61 | 32 | -79 | 60-86 37 surface sand filter
Sarton Spr ;‘?;Z‘:‘i’g dosauter a1 |3 |13 |11 | s879 | - vertical sand filter
B e o1 | 55 | 45 | 15 |87 | 5800 | - vertical sand filter
Stewart, 1992 9% | 41 - -34 | 61-87 - organic filter
Curran, 1996 66 | 51 | 47 | 22 | 26-75 - organic filter
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Storm Water Wetland

Postconstruction Storm Water M anagement
in New Development and Redevelopment

Description

Storm water wetlands (a.k.a. constructed
wetlands) are structurd practices smilar to wet
ponds (see Wet Pond fact sheet) that incorporate
wetland plants into the design. As storm water
runoff flows through the wetland, pollutant
removal is achieved through sttling and
biologicd uptake within the practice. Wetlands
are among the most effective sorm water

practicesin terms of pollutant removal and they _ g L PR
aso offer aesthetic value. Although natural A storm water wetland detains storm water,
wetlands can sometimes be used to treat ssorm removes pollutants, and provides habitat and
water runoff that has been properly pretreated, aesthetic benefits (Source: The Bioengineering

storm water wetlands are fundamentaly different ~ GT0UPs Inc., no date)

from naturd wetland systems. Storm water wetlands are designed specifically for the purpose of
tresting storm water runoff, and typically have less biodiversty than natura wetlands in terms of
both plant and animd life. Severd design variations of the sorm water wetland exist, eech
design differing in the relative amounts of shalow and deegp water, and dry storage above the
wetland.

A digtinction should be made between using a constructed wetland for storm water management
and diverting slorm water into a natural wetland. The latter practice is not recommended because
dtering the hydrology of the existing wetland with additional storm water can degrade the
resource and result in plant die-off and the destruction of wildlife habitat. In al circumstances,
natural wetlands should be protected from the adverse effects of development, including impacts
from increased storm weter runoff. Thisis especially important because naturd wetlands provide
storm water and flood control benefits on aregiond scae.

Applicability

Congtructed wetlands are widdy applicable storm water management practices. While they have
limited applicability in highly urbenized settings and in arid climates, wetlands have few other
redtrictions.

Regional Applicability

Storm water wetlands can be gpplied in most regions of the United States, with the exception of
arid dimates. In arid and semi-arid dimates, it is difficult to design any storm water practice that
has a permanent pool. Because storm water wetlands are shdlow, arddively large areais
subject to evaporation relaive, to the volume of the practice. This makes maintaining the
permanent pool in wetlands both more chalenging and more important than maintaining the pool
of awet pond (see Wet Pond fact shest).
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Ultra-Urban Areas

Ultra- urban aress are densely developed urban areas in which little pervious surface exigts. It is
difficult to use wet ponds in the ultra- urban environment because of the land area each wetland
consumes. They can, however, be used in an ultra-urban environment if ardaively large areais
available downstream of the Ste.

Storm Water Hot Jpots

Storm water hot spots are areas where land use or activities generate highly contaminated runoff,
with concentrations of pollutants in excess of those typicaly found in sorm water. A typicd
exampleis agas sation. Wetlands can accept runoff from storm water hot pots, but need
sgnificant separation from ground water if they will be used for this purpose. Caution also needs
to be exercised, if these practices are designed to encourage wildlife use, to ensure that pollutants
in storm water runoff do not work their way through the food chain of organiamsliving in or

near the wetland.

Scorm Water Retrofit

A storm water retrofit is a sorm water management practice (usualy structura) put into place
after development has occurred, to improve water qudity, protect downstream channels, reduce
flooding, or meet other specific objectives. When retrofitting an entire watershed, sorm water
wetlands have the advantage of providing both educationd and habitat value. One disadvantage
to wetlands, however, isthe difficulty of storing large amounts of runoff without consuming a
large amount of land. It is dso possible to incorporate wetland eements into exigting practices,
such as wetland plantings (see Wet Pond and Dry Extended Detention Pond fact sheets)

Cold Water (Trout) Streams

Wetlands pose arisk to cold water systems because of their potentid for stream warming. When
water remainsin the permanent pooal, it is heated by the sun. A study in Prince George's County,
Maryland, investigated the therma impacts of awide range of storm water management
practices (Galli, 1990). In this study, only one wetland was investigated, which was an extended
detention wetland (see Design Variaions). The practice increased the average temperature of
storm water runoff that flowed through the practice by about 3°F. Asareault, it islikely that
wetlands increase water temperature.

Siting and Design Considerations

In addition to the broad applicability concerns described above, designers need to consider
conditions at the Site level. In addition, they need to incorporate design features to improve the
longevity and performance of the practice, while minimizing the maintenance burden.

Sting Considerations

In addition to the restrictions and modifications to adapting storm water wetlands to different
regions and land uses, designers need to ensure that this management practice isfeasible a the
dtein question. The following section provides basic guiddines for gting wetlands.

Drainage Area
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Wetlands need sufficient drainage areato maintain the permanent poal. In humid regions, thisis
typicaly about 25 acres, but a greater area may be needed in regions with lessrainfal.

Sope

Wetlands can be used on sites with an upstream dope of up to about 15 percent. The loca dope
should be relatively shdlow, however. While there is no minimum dope requirement, there does
need to be enough eevation drop from the inlet to the outlet to ensure that hydraulic conveyance
by gravity isfeasible (generadly about 3 to 5 feet).

Soils/'Topography

Wetlands can be used in dmost dl soils and geology, with minor design adjustments for regions
of karst (i.e. limestone) topography (see Design Congderations).

Ground Water

Unless they receive hot spot runoff, wetlands can often intersect the ground water table. Some
research suggests that pollutant remova is reduced when ground water contributes substantially
to the pool volume (Schuder, 1997b). It is assumed that wetlands would have a smilar response.

Design Considerations

Specific designs may vary consderably, depending on Site congraints or preferences of the
designer or community. There are some features, however, that should be incorporated into most
wetland designs. These design features can be divided into five basic categories: pretreatment,
treatment, conveyance, maintenance reduction, and landscaping.

Pretreatment

Pretreatment incorporates design features that help to settle out coarse sediment particles. By
removing these particles from runoff before they reach the large permanent pooal, the

mai ntenance burden of the pond is reduced. In wetlands, pretrestment is achieved with a
sediment forebay. A sediment forebay isasmall poal (typicaly about 10 percent of the volume
of the permanent pool). Coarse particles remain trapped in the forebay, and maintenance is
performed on this smdler poal, diminating the need to dredge the entire pond.

Treatment

Treatment design features hep enhance the ability of a torm water management practice to
remove pollutants. The purpose of most of these festuresis to increase the amount of time and
flowpath by which storm water remains in the wetland. Some typica design featuresinclude

The surface area of wetlands should be at least 1 percent of the drainage areato the
practice.

Wetlands should have alength-to-width ratio of at least 1.5:1. Making the wetland longer
than it iswide helps prevent "short circuiting” of the practice.

Effective wetland design displays "complex microtopography.” In other words, wetlands
should have zones of both very shalow (<6 inches) and moderately shalow (<18 inches)
wetlands incorporated, usng underwater earth bermsto create the zones. This design will
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provide alonger flow path through the wetland to encourage settling, and it provides two
depth zones to encourage plant diversity.

Conveyance

Conveyance of scorm water runoff into and through a storm water management practiceisa
critica component of any practice. Storm water should be conveyed to and from practices safely
and to minimize erosion potentid. The outfal of pond systems should dways be stabilized to
prevent scour. In addition, an emergency spillway should be provided to safely convey large
flood events. To help mitigate warming at the outlet channel, designers should provide shade
around the channd at the pond outlet.

Maintenance Reduction

In addition to regular maintenance activities needed to maintain the function of sorm water
practices, some design features can be incorporated to ease the maintenance burden of each
practice. In wetlands, maintenance reduction features include techniques to reduce the amount of
maintenance needed, as well as techniques to make regular maintenance activities eesier.

One potentiad maintenance concern in wet ponds is clogging of the outlet. Wetlands should be
designed with a nonclogging outlet such as areverse-dope pipe or aweir outlet with atrash rack.
A reverse-dope pipe draws from below the permanent pool extending in areverse angle up to the
riser and establishes the water elevation of the permanent pool. Because these outlets draw water
from below the leve of the permanent pooal, they are less likely to be clogged by floating debris.
Another generd ruleisthat no orifice should be less than 3 inchesin diameter. Smdler orifices

are generdly more susceptible to clogging, without specific design congderations to reduce this
problem. Another fegture that can help reduce the potentia for clogging of the outlet isto
incorporate asmal pooal, or "micropool” at the outlet.

Design features are a o incorporated to ease maintenance of both the forebay and the main pool
of wetlands. Wetlands should be designed with a maintenance access to the forebay to ease this
relatively routine (5- to 7-year) maintenance activity. In addition, the permanent pool should
have apond drain to draw down the pond for the more infrequent dredging of the main cdll of
the wetland.

Landscaping

Landscaping of wetlands can make them an asset to a community and can aso enhance the
pollutant remova of the practice. In wetland systems, landscaping is an integrd part of the
design. To ensure the establishment and surviva of wetland plants, alandscaping plan should
provide detailed information about the plants selected, when they will be planted, and a strategy
for maintaining them. The plan should detail wetland plants, as well as vegetation to be
established adjacent to the wetland.

A variety of techniques can be used to establish wetland plants. The most effective techniques
are the use of nursery stock as dormant rhizomes, live potted plants, and bare rootstock. A
"wetland mulch,” soil from a natural wetland or a designed "wetland mix," can be used to
supplement wetland plantings or aone to establish wetland vegetation. Wetland mulch carries
with it the seed bank from the origina wetland, and can help to enhance diversity in the wetland.
The least expensive option to establish wetlands is to dlow the wetland to colonize itsdf. One
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disadvantage to this last techniqueis that invadve species such as cattails or Phragmites may
dominate the wetland.

When developing a plan for wetland planting, care needs to be taken to ensure that plants are
established in the proper depth and within the planting season. This season varies regiondly, and
is generdly between 2 and 3 months long in the spring to early summer. Plant ligts are available
for various regions of the United States through wetland nurseries, extension services, and
consarvation districts.

Design Variations

There are severd varidions of the wetland design. The designs are characterized by the volume
of the wetland in deep pool, high marsh, and low marsh, and whether the design alowsfor
detention of smdl storms above the wetland surface. Other design variaions help to make
wetland designs practica in cold climates.

Shdlow Marsh

In the shalow marsh design, most of the wetland volume isin the rdaively shdlow high marsh

or low marsh depths. The only deep portions of the shalow wetland design are the forebay at the
inlet to the wetland and the micropooal at the outlet. One disadvantage to this design is that, Since
the poal is very shdlow, alarge amount of land istypically needed to Sore the water quaity
volume (i.e,, the volume of runoff to be treated in the wetland).

Extended Detention Wetland

This design is the same as the shalow marsh, with additiona storage above the surface of the
marsh. Storm water is temporarily ponded above the surface in the extended detention zone for
between 12 and 24 hours. This design can treat a greater volume of storm water in asmaler
gpace than the shalow wetland design. In the extended detention wetland option, plants that can
tolerate wet and dry periods should be specified in the extended detention zone.

Pond/Wetland System

The pond/wetland system combines the wet pond (see Wet Pond fact sheet) design with a
shdlow marsh. Storm water runoff flows through the wet pond and into the shalow marsh. Like
the extended detention wetland, this design requires |ess surface area than the shalow marsh
because some of the volume of the practice isin the rdlatively deep (i.e., 6-8 feet) pond.

Pocket Wetland

Thisdesign is very smilar to the pocket pond (see Wet Pond fact sheet). In thisdesign, the
bottom of the wetland intersects the ground weter, which helps to maintain the permanent pool.
Some evidence suggests that ground water flows may reduce the overdl effectiveness of storm
water management practices (Schuder, 1997b). This option may be used when there is not
ggnificant drainage area to maintain a permanent pool.

Gravel-Based Wetlands
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In this design, runoff flows through a rock filter with wetland plants at the surface. Pollutants are
removed through biological activity on the surface of the rocks, aswell as by pollutant uptake of
the plants. This practice is fundamentaly different from other wetland designs because, while
most wetland designs behave like wet ponds with differences in grading and landscaping, gravel-
based wetlands are more smilar to afiltering system.

Regional Variations
Cold Climates

Cold climates present many challenges to desgners of wetlands. During the spring snowmelt, a
large volume of water runs off in a short time, carrying ardaively high pollutant load. In
addition, cold winter temperatures may cause freezing of the permanent pool or freezing at inlets
and outlets. Findly, high sdt concentrations in runoff resulting from road sdting, aswell as
sediment loads from road sanding, may impact wetland vegetation.

One of the greatest challenges of storm water wetlands, particularly shdlow marshes, isthat
much of the practice is very shdlow. Therefore, much of the volumein the wetland can be lost as
the surface of the practice freezes. One study found that the performance of awetland system
was diminished during the oring snowmelt because the outlet and surface of the wetland had
frozen. Sediment and pollutants in snowmelt and rainfal events "skated" over the surface of the
wetland, depogting a the outlet of the wetland. When the ice melted, this sediment was washed
away by storm events (Oberts, 1994). Severd design features can help minimize this problem,
induding:

"Ontling" designs dlowing flow to move continuoudy can help prevent outlets from
freezing.

Wetlands should be designed with multiple cells, with aberm or weir separating esch
cdl. Thismodification will help to retain storage for treatment above the ice layer during
the winter season.

Outlets that are resstant to freezing should be used. Some examplesinclude weirs or
pipes with large diameters.

The sdt and sand used to remove ice from roads and parking lots may aso creete a challengeto
designing wetlands in cold climates. When wetlands drain highway runoff, or parking lots, sat-
tolerant vegetation, such as pickle weed or cord grass should be used. (Contact alocal nursery or
extenson agency for more information in your region). In addition, designers should consider
using alarge forebay to capture the sediment from road sanding.

Karst Topography

In kargt (i.e., limestone) topography, wetlands should be designed with an impermesble liner to
prevent ground water contamination or sinkhole formation, and to help maintain the permanent

pool.

Limitations
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Some features of storm water wetlands that may make the design chalenging include the
following:

Each wetland consumes ardatively large amount of space, making it an impractica
option on many stes.
Improperly designed wetlands can become a breeding area for mosquitoes.

Wetlands require careful design and planning to ensure that wetland plants are sustained
after the practice isin place.

It is possible that storm water wetlands may release nutrients during the nongrowing
Season.

Designers need to ensure that wetlands do not negatively impact natura wetlands or
forest during the design phase.

Wetlands consume alarge amount of land. This characterigtic may limit their usein areas
where land vdues are high.

M aintenance Consider ations

In addition to incorporating fegtures into the wetland design to minimize maintenance, some
regular maintenance and ingpection practices are needed. Table 1 outlines these practices.

Table 1. Regular maintenance activities for wetlands (Source: Adapted from WMI, 1997, and
CWP, 1998)

Activity Schedule
Replace wetland vegetation to maintain at |east 50% surface area coverage Onedi
: . ne-time
in wetland plants after the second growing season.
Inspect for invasive vegetation and remove where possible. Sami-annual inspection

Inspect for damage to the embankment and inlet/outlet structures. Repair as
necessary.

Note signs of hydrocarbon build-up, and deal with appropriately.

Monitor for sediment accumulation in the facility and forebay.

Examineto ensure that inlet and outlet devices are free of debrisand are

Annual inspection

operational.

Repair undercut or eroded areas. As needed maintenance
Clean and remove debris from inlet and outlet structures. Frequent (3—4 times/year)
Mow side slopes. maintenance

Supplement wetland plantsif a significant portion have not established (at

least 50% of the surface area). Annual maintenance

. . (if needed)
Harvest wetland plants that have been "choked out" by sediment build-up.
Remove sediment from the forebay. 5- to 7-year maintenance
Monitor sediment accumulations, and remove sediment when the pool 20- 10 50
volume has become reduced significantly, plants are "choked" with ma}ﬁteng/n?:?ar

sediment, or the wetland becomes eutrophic.

Effectiveness
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Structural storm water management practices can be used to achieve four broad resource
protection gods. These include flood control, channd protection, ground water recharge, and
pollutant remova. Wetlands can provide flood control, channel protection, and pollutant
removd.

Flood Control

One objective of storm water management practices can be to reduce the flood hazard associated
with large storm events by reducing the peak flow associated with these sorms. Wetlands can
eadly be designed for flood control by providing flood storage above the leve of the permanent

pool.

Channel Protection

When used for channd protection, wetlands have traditionaly controlled the 2-year storm. It
appears that this control has been reatively ineffective, and recent research suggests that control
of asmaller ssorm may be more appropriate (MacRae, 1996).

Ground Water Recharge

Wetlands cannot provide ground water recharge. The build-up of debris at the bottom of the
wetland prevents the movement of water into the subsoil.

Pollutant Removal

Wetlands are among the mogt effective sorm water management practices at removing sorm
water pollutants. A wide range of research is available to estimate the effectiveness of wetlands.
Wetlands have high pollutant remova rates, and are more effective than any other practice a
removing nitrate and bacteria. Table 2 provides pollutant remova data derived from the Center
for Watershed Protectionss National Pollutant Remova Database for Stormwater Trestment
Practices (Winer, 2000).

The effectiveness of wetlands varies congderably, but many believe that proper design and
maintenance might help to improve their performance. The Siting and design criteria presented in
this sheet reflect the best current information and experience to improve the performance of
wetlands. A recent joint project of the American Society of Civil Engineers (ASCE) and the U.S.
EPA Office of Water may help to isolate specific design features that can improve performance.
The National Stormwater Best Management Practice (BMP) database is a compilation of storm
water practices which includes both design information and performance data for various
practices. As the database expands, inferences about the extent to which specific design criteria
influence pollutant remova may be made. More information on this database is available on the
ASCE web page at http://www.asce.org.

Table 2. Typical Pollutant Remova Rates of Wetlands (%) (Winer, 2000)
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Stormwater Treatment Practice Design Variation
Pollutant
Shallow ED Pond/Wetland | Submerged Gravel
Marsh | Wetland® System Wetland*
TSS 83+51 69 71+35 83
TP 43+40 39 56+35 64
TN 26+49 56 19+29 19
NOx 73+49 35 40+68 81
Metals 36-85 (-80)-63 0-57 21-83
Bacteria 76" NA NA 78

'Data based on fewer than five data points

Cost Consider ations

Wetlands are relatively inexpengve storm water practices. Construction cost data for wetlands
are rare, but one smplifying assumption is that they are typicaly about 25 percent more
expendgve than sorm water ponds of an equivaent volume. Using this assumption, an equation
deveoped by Brown and Schueler (1997) to estimate the cost of wet ponds can be modified to
estimate the cost of storm water wetlands using the equation:

C=30.6V%7%
where:

C = Congtruction, design, and permitting cost;

V = Wetland volume needed to control the 10-year storm (ft3).

Using this equation, typical congtruction costs are the following:

$ 57,100 for a 1 acre-foot facility

$ 289,000 for a 10 acre-foot fadility

$ 1,470,000 for a 100 acre-foot facility

Wetlands consume about 3 to 5 percent of the land that drains to them, which isrdatively high
compared with other ssorm water management practices. In areas where land vaue is high, this

may make wetlands an infeasible option.

For wetlands, the annua cost of routine maintenance is typically estimated a about 3 percent to
5 percent of the congtruction cogt. Alternatively, a community can estimate the cost of the
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maintenance activities outlined in the maintenance section. Wetlands are long-lived fadilities
(typicaly longer than 20 years). Thus, the initid investment into these systems may be spread
over arddivey long time period.

Although no studies are available on wetlands in particular, there is some evidence to suggest
that wet ponds may provide an economic benefit by increasing property vaues. The results of
one study suggest that "pond frontage" property can increase the selling price of new properties
by about 10 percent (USEPA, 1995). Another study reported that the perceived value (i.e., the
vaue estimated by residents of acommunity) of homes was increased by about 15 to 25 percent
when located near awet pond (Emmerling-Dinovo, 1995). It is anticipated that well-designed
wetlands, which incorporate additional aesthetic features, would have the same benefit.
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Grassed Swales

Postconstruction Storm Water M anagement
in New Development and Redevelopment

Description

The term swale (ak.a grassed channd, dry
swale, wet swae, bidfilter) refersto a series of
vegetated, open channel management practices
designed specificdly to treat and attenuate storm
water runoff for a specified water quaity volume.
As gorm water runoff flows through these
channds it istreated through filtering by the
vegetation in the channd, filtering through a
subsoil matrix, and/or infiltration into the
underlying soils. Variations of the grassed swde
include the grassed channd, dry swale, and wet
swae. The specific design features and methods :
of treet_ment differ in each of the_s_edesgns_’ bt Grassed swales t:n be used along roadsides
dl are improvements on the traditiond drainage and parking lots to collect and treat storm water
ditch. These designs incorporate modified runoff

geometry and other features for use of the swale

as atreatment and conveyance practice.

Applicability

Grassed swales can be gpplied in most Stuations with some redtrictions. Swales are very well
suited for treating highway or resdentia road runoff because they are linear practices.

Regional Applicability

Grassed swales can be gpplied in most regions of the country. In arid and semi-arid climates,
however, the value of these practices needs to be weighed against the water needed to irrigate
them.

Ultra-Urban Areas

Ultra- urban areas are densely developed urban areasin which little pervious surface exigts.
Grassed swaes are generdly not well suited to ultra- urban areas because they require ardatively
large area of pervious surfaces.

Sorm Water Hot Spots

Storm water hot spots are areas where land use or activities generate highly contaminated runoff,
with concentrations of pollutantsin excess of those typically found in storm water. A typica
exampleisagas sation or convenience sore. With the exception of the dry swale design (see
Design Variations), hot spot runoff should not be directed toward grassed channels. These
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practices either infiltrate ssorm water or intersect the ground water, making use of the practices
for hot spot runoff athreet to ground water qudlity.

Sorm Water Retrofit

A gtorm water retrofit is a sorm water management practice (usudly structurd) put into place
after development has occurred, to improve water quality, protect downstream channels, reduce
flooding, or meet other specific objectives. One retrofit opportunity using grassed swaes
modifies existing drainage ditches. Ditches have traditiondly been designed only to convey

storm water away from roads. In some cases, it may be possible to incorporate festures to
enhance pollutant remova or infiltration such as check dams (i.e., smal dams dong the ditch

that trap sediment, dow runoff, and reduce the longitudina dope). Since grassed swaes cannot
trest alarge area, using this practice to retrofit an entire watershed would be expensive because
of the number of practices needed to manage runoff from a sgnificant amount of the watershed's
land area.

Cold Water (Trout) Streams

Grassed channdls are a good treatment option within watersheds that drain to cold water streams.
These practices do not pond water for along period of time and often induce infiltration. Asa
result, standing water will not typicaly be subjected to warming by the sun in these practices.

Siting and Design Consider ations

In addition to the broad applicability concerns described above, designers need to consider
conditions at the Site level. In addition, they need to incorporate design features to improve the
longevity and performance of the practice, while minimizing the maintenance burden.

Sting Considerations

In addition to consdering the restrictions and adaptations of grassed swaes to different regions
and land uses, designers need to ensure that this management practice isfeasible a the Stein
question because some Site conditions (i.e., steep dopes, highly impermegble soils) might redtrict
the effectiveness of grassed channels.

Drainage Area

Grassed swales should generally treat smal drainage aress of lessthan 5 acres. If the practices
are used to treat larger areas, the flows and volumes through the swale become too large to
design the practice to trest Sorm water runoff through infiltration and filtering.

Sope

Grassed swales should be used on siteswith relatively flat dopes of less than 4 percent dope; 1
to 2 percent dope is recommended. Runoff velocities within the channel become too high on
steeper dopes. This can cause eroson and does not alow for infiltration or filtering in the swale.

Soils/ Topography

Grassed swales can be used on most soils, with some restrictions on the most impermesble soils.
In the dry swae (see Design Variations) afabricated soil bed replaces on-Ste soilsin order to
ensure that runoff isfiltered asit travels through the soils of the swae.
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Ground Water

The depth to ground water depends on the type of swale used. In the dry swale and grassed
channel options, designers should separate the bottom of the swae from the ground water by at
least 2 ft to prevent amoist swale bottom, or contamination of the ground water. In the wet swae
option, treatment is enhanced by awet pool in the practice, which is maintained by intersecting
the ground water.

Design Considerations

Although there are different design variations of the grassed swae (see Design Variations), there
are some design considerations common to al three. One overriding Smilarity isthe cross-
sectiond geometry of dl three options. Swales should generdly have atrgpezoidd or parabolic
cross section with rdaively flat Sde dopes (flatter than 3:1). Designing the channe with flat

side dopes maximizes the wetted perimeter. The wetted perimeter is the length dong the edge of
the swa e cross section where runoff flowing through the swaleisin contact with the vegetated
sdes and bottom of the swale. Increasing the wetted perimeter dows runoff velocities and
provides more contact with vegetation to encourage filtering and infiltration. Another advantage
to flat Sde dopesisthat runoff entering the grassed swale from the side receives some
pretrestment along the Sde dope. Theflat bottom of al three should be between 2-8 ft wide.
The minimum width ensures aminimum filtering surface for water qudity treetment, and the
maximum width prevents braiding, the formation of small channds within the swae bottom.

Ancther amilarity anong dl three designsisthe type of pretreatment needed. In dl three design
options, asmall forebay should be used at the front of the swae to trgp incoming sediments. A
peagrave digphragm, asmal trench filled with river run gravel, should be used as pretrestment
for runoff entering the Sdes of the swae.

Two other features desgned to enhance the treatment ability of grassed swaes are aflat
longitudina dope (generally between 1 percent and 2 percent) and a dense vegetative cover in
the channdl. The flat dope helpsto reduce the velocity of flow in the channd. The dense
vegetation aso helps reduce ve ocities, protect the channel from eroson, and act as afilter to
treet sorm water runoff. During congtruction, it isimportant to stabilize the channel before the
turf has been established, either with atemporary grass cover or with the use of natura or
gynthetic erosion control products.

In addition to treating runoff for water quality, grassed swales need to convey larger sorms
safely. Typicd desgnsdlow the runoff from the 2-year scorm (i.e., the storm that occurs, on
average, once every two years) to flow through the swae without causing erosion. Swaes should
aso have the capacity to passlarger sorms (typicaly a 10-year sorm) safely.

Design Variations

The following discussion identifies three different variations of open channd practices, including
the grassed channd, the dry swae, and the wet swade.

Grassed Channd

Of the three grassed swae designs, grassed channels are the most smilar to a conventiona
drainage ditch, with the mgjor differences being flatter Sde dopes and longitudind dopes, and a
dower design velocity for water quality trestment of smdl storm events. Of dl of the grassed
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swae options, grassed channels are the least expensive but also provide the least religble
pollutant remova. The best gpplication of agrassed channd is as pretrestment to other structural
storm water practices.

One mgor difference between the grassed channel and most of the other structura practicesis
the method used to size the practice. Mogt storm water management water quality practices are
gzed by volume. This method sets the volume available in the practice equd to the water qudity
volume, or the volume of water to be treated in the practice. The grassed channel, on the other
hand, is a flow-rate-based design. Based on the pesk flow from the water quality storm (this
varies from region to region, but atypicd vaueisthe 1-inch sorm), the channd should be
designed so thet runoff takes, on average, 10 minutes to flow from the top to the bottom of the
channdl. A procedure for this design can be found in Design of Sorm Water Filtering Systems
(CWP, 1996).

Dry Swaes

Dry swaes are smilar in design to bioretention areas (see Bioretention fact sheet). These designs
incorporate a fabricated soil bed into their design. The existing soil is replaced with a sand/soil
mix that meets minimum permesbility requirements. An underdrain system is used under the sol
bed. Thissystem isagrave layer that encases a perforated pipe. Storm water trested in the soil
bed flows through the bottom into the underdrain, which conveysthis treated sorm water to the
gorm drain system. Dry swaes are arelatively new design, but sudies of svaleswith andive
s0il Smilar to the man-made soil bed of dry swaes suggest high pollutant remova.

Wet Swales

Wet swales intersect the ground water and behave amost like alinear wetland cdll (see Storm
Water Wetland fact sheet). This design variation incorporates a shallow permanent pool and
wetland vegetation to provide storm water treatment. This design aso has potentidly high
pollutant removal. One disadvantage to the wet swae is that it cannot be used in resdentia or
commercid settings because the shalow standing water in the swaleis often viewed asa
potentia nuisance by homeowners and also breeds mosquitos.

Regional Variations
Cold Climates

In cold or snowy dlimates, swaes may serve adud purpose by acting as both a snow
Sorage/trestment and a storm water management practice. Thisdud purposeis particularly
relevant when swales are used to treat road runoff. If used for this purpose, swales should
incorporate sdt-tolerant vegetation, such as cregping bentgrass.

Arid Climates

In arid or semi-arid climates, swales should be designed with drought-tolerant vegetation, such
as buffao grass. As pointed out in the Applicability section, the value of vegetated practices for
water quality needs to be weighed againgt the cost of water needed to maintain them in arid and
semi-arid regions.
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Limitations
Grased swaes have some limitations, including the following:
Grassed swales cannot treat avery large drainage area.
Wet swales may become a nuisance due to mosquito breeding.

If designed improperly (e.g., if proper dopeis not achieved), grassed channels will have
very little pollutant removd.

A thick vegetative cover is needed for these practices to function properly.
Maintenance Consider ations

Maintenance of grassed swales mostly involves maintenance of the grass or wetland plant cover.
Typicd maintenance activitiesareincluded in Table 1.

Table 1. Typical maintenance activities for grassed swales (Source: Adapted from CWP, 1996)

Activity Schedule

Inspect pea gravel digphragm for clogging and correct
the problem.

Inspect grass dong side dopes for erosion and formation
of rillsor gullies and correct.

Remove trash and debris accumulated in the inflow
forebay.
Annud

Inspect and correct eroson problems in the sand/soil bed (semi-annud thefirst year)
of dry swales.

Based on ingpection, plant an aternative grass speciesif
the origina grass cover has not been successtully
established.

Replant wetland species (for wet swale) if not
sufficiently established.

Rotatill or cultivate the surface of the sand/soil bed of

dry swaesif the swae does not draw down within 48
hours.

As needed (infrequent)
Remove sediment build-up within the bottom of the
swae once it has accumulated to 25 percent of the
origina design volume.

As needed (frequent

Mow grass to maintain a height of 3-4 inches
seasondly)
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Effectiveness

Structural storm water management practices can be used to achieve four broad resource
protection goas. These include flood control, channd protection, ground water recharge, and
pollutant remova. Grassed swales can be used to meet ground water recharge and pollutant
remova godls.

Ground Water Recharge

Grassed channdls and dry swaes can provide some ground water recharge asinfiltration is
achieved within the practice. Wet swales, however, generdly do not contribute to ground water
recharge. Infiltration isimpeded by the accumulation of debris on the bottom of the swale.

Pollutant Removal

Few studies are available regarding the effectiveness of grassed channds. In fact, only 9 studies
have been conducted on al grassed channels designed for water quality (Table 2). The data
suggest relatively high remova rates for some pollutants, but negative removas for some
bacteria, and fair performance for phosphorous. One study of available performance data
(Schueler, 1997) estimates the remova rates for grassed channels as.

Total Suspended Solids: 81%

Tota Phosphorous: 29%

Nitrate Nitrogen: 38%

Metas 14% to 55%

Bacteria: -50%

Table 2. Grassed swae pollutant remova efficiency data

Removal Efficiencies (% Removal)
Sudy TSS TP TN NO3; | Metals |Bacteria Type
Goldberg 1993 67.8 45 - 314 | 42-62 -100 grassed channel
Seattle Metro and Washington
Department of Ecology 1992 €0 % i 2 2-16 2 or channel
Seattle Metro and Washington
Department of Ecology, 1992 83 29 - -25 46-73 -25 grassed channel
Wang et d., 1981 80 - - - 70-80 - dry swale
Dorman et ., 1989 98 18 - 45 37-81 - dry swale
Harper, 1988 87 83 84 80 83-90 - dry swale
Kercher et a., 1983 99 9 99 99 9 - dry swale
Harper, 1988. 81 17 10 52 37-69 - wet swale
Koon, 1995 67 39 - 9 -35t06 - wet swale
Occoquan Watershed )
Monitoring L ab, 1983 -100 100 100 - -100 - drainage channel
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Table 2. (continued)

Removal Efficiencies (% Removal)

Sudy TSS TP TN NO; | Metals |Bacteria Type

Yousef et d., 1985 - 8 13 1 14-29 - drainage channel
acc;?gi?:gvﬁlierl?:; -50 9.1 182 - -100 - drainage channel
Yousef et al., 1985 - 195 8 2 4190 - drainage channel
3(:0%?33?29\/&/:;8%1;; 31 -23 365 - _1032 o - drainage channel
Welborn and Veenhuis, 1987 0 -25 -25 -25 0 - drainage channel
Yuetd., 1993 63 60 - - 74 - drainage channel
Dorman et al., 1989 65 41 - 11 14-55 - drainage channel
Pitt and McLean, 1986 0 - 0 - 0 0 drainage channel
Oakland, 1983 3 -25 - - 20-58 0 drainage channel
Dorman et a., 1989 -85 12 - -100 14-88 - drainage channel

Whileit is difficult to disinguish between different designs based on the small amount of

avallable data, grassed channds generdly have poorer remova rates than wet and dry swaes,
although wet swales appear to export soluble phosphorous (Harper, 1988; Koon, 1995). It is not
clear why swales export bacteria. One explanation is that bacteria thrive in the warm swae soils.
Another is that studies have not accounted for some sources of bacteria, such asloca resdents
walking dogs within the grassed swale area.

Cost Considerations

Little data are available to estimate the difference in cost between various swale designs. One
study (SWRPC, 1991) estimated the construction cost of grassed channels at approximately
$0.25 per ft2. This price does not include design costs or contingencies. Brown and Schueler
(1997) estimate these costs at gpproximately 32 percent of construction costs for most storm
water management practices. For swales, however, these costs would probably be significantly
higher since the construction cogts are so low compared with other practices. A more redigtic
estimate would be atotal cost of approximately $0.50 per ft2, which compares favorably with
other storm water management practices.
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Grassed Filter Strip

Postconstruction Storm Water M anagement
in New Development and Redevelopment

Description

Grassed filter Strips (vegetated filter
grips, filter strips, and grassed
filters) are vegetated surfaces that
are designed to treat sheet flow
from adjacent surfaces. Filter strips
function by dowing runoff %
velodities and filtering out sediment Grassed filter rips protect water guality by filtering
and other pollutants, and by pollutants before they reach the water (Source: USD &, 1997)
providing someinfiltration into

underlying soils. Filter strips were originaly used as an agriculturd trestment practice, and have
more recently evolved into an urban practice. With proper design and maintenance, filter strips

can provide rdaively high pollutant removal. One chalenge associated with filter strips,

however, isthat it is difficult to maintain sheet flow, S0 the practice may be "short circuited” by
concentrated flows, receiving little or no trestment.

Applicability

Filter strips are applicable in most regions, but are restricted in some Situations because they
consume alarge amount of space relative to other practices. Filter strips are best suited to
treating runoff from roads and highways, roof downspouts, very small parking lots, and pervious
surfaces. They are also ideal components of the "outer zone" of a stream buffer (see Buffer
Zones fact sheet), or as pretrestment to a structura practice. This recommendetion is cons stent
with recommendationsin the agricultura setting that filter strips are most effective when
combined with another practice (Magette et a., 1989). In fact, the most recent storm water
manua for Maryland does not consider the filter strip as atreatment practice, but does offer
storm water volume reductions in exchange for using filter sripsto treat some of aSte.

Regional Applicability

Filter gtrips can be applied in most regions of the country. In arid areas, however, the cost of
irrigating the grass on the practice will mogt likely outweigh its water qudity benefits.

Ultra-Urban Areas

Ultra- urban areas are densely developed urban areas in which little pervious surface exigts. Filter
drips are impractica in ultra-urban areas because they consume alarge amount of space.

Sorm Water Hot Spots

Storm water hot spots are areas where land use or activities generate highly contaminated runoff,
with concentrations of pollutants in excess of those typically found in sorm weter. A typical
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example isagas station. Filter strips should not receive hot spot runoff, because the practice
encourages infiltration. In addition, it is questionable whether this practice can rdiably remove
pollutants, so it should definitely not be used as the sole treatment of hot spot runoff.

Storm Water Retrofit

A storm water retrofit is a sorm water management practice (usualy structurd), put into place
after development has occurred, to improve water quality, protect downstream channels, reduce
flooding, or meet other specific objectives. Filter strips are generdly apoor retrofit option
because they consume arelatively large amount of space and cannot treet large drainage aress.

Cold Water (Trout) Streams

Some cold water species, such astrout, are senstive to changes in temperature. While some
treatment practices, such as wet ponds (see Wet Ponds fact sheet), can warm storm water
subgtantidly, filter strips do not warm pond water on the surface for long periods of time and are
not expected to increase storm water temperatures. Thus, these practices are good for protection
of cold-water streams.

Siting and Design Consider ations
Sting Considerations

In addition to the redtrictions and modifications to adapting filter strips to different regions and
land uses, designers need to ensure that this management practice isfeasble a the Sitein
question. The following section provides basic guiddines for gting filter strips.

Drainage Area

Typicdly, filter strips are used to treat very small drainage areas. The limiting design factor,
however, is not the drainage area the practice treets but the length of flow leading to it. Asstorm
water runoff flows over the ground's surface, it changes from sheet flow to concentrated flow.
Rether than moving uniformly over the surface, the concentrated flow forms rivulets which are
dightly deeper and cover less area than the sheet flow. When flow concentrates, it moves too
rapidly to be effectively treated by a grassed filter strip. Asarule, flow concentrates within a
maximum of 75 feet for impervious surfaces, and 150 feet for pervious surfaces (CWP, 1996).
Usng thisrule, afilter strip can treat one acre of impervious surface per 580-foot length.

Slope

Filter strips should be designed on dopes between 2 and 6 percent. Greater dopes than this
would encourage the formation of concentrated flow. Except in the case of very sandy or
gravelly soil, runoff would pond on the surface on dopes flatter than 2 percent, creating potentia
mosquito breeding habitat.

Soils /Topography

Filter strips should not be used on soils with ahigh clay content, because they require some
infiltration for proper treatment. Very poor soilsthat cannot sustain agrass cover crop aredso a
limiting factor.
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Ground Water

Filter strips should be separated from the ground water by between 2 and 4 ft to prevent
contamination and to ensure that the filter strip does not remain wet between storms.

Design Considerations

Filter strips gppear to be aminima design practice because they are basically no more than a
grassed dope. However, some design features are critica to ensure that the filter strip provides
some minimum amount of water quality trestment.

A peagrave digphragm should be used at the top of the dope. The peagravel digphragm
(@asmdl trench running dong the top of the filter strip) serves two purposes. Firg, it acts
as a pretreatment device, settling out sediment particles before they reach the practice.
Second, it acts as alevel soreader, maintaining sheet flow as runoff flows over thefilter
grip.

The filter strip should be designed with a pervious berm of sand and gravel at the toe of
the dope. This feature provides an area for shalow ponding at the bottom of the filter
grip. Runoff ponds behind the berm and gradudly flows through outlet pipes in the berm.
The volume ponded behind the berm should be equa to the water qudity volume. The
water qudity volumeisthe amount of runoff that will be treeted for pollutant removd in
the practice. Typicd water quality volumes are the runoff from a 1-inch storm or %2inch
of runoff over the entire drainage area to the practice.

The filter strip should be at least 25 feet long to provide water qudity trestment.

Desgners should choose a grass that can withstand rdlatively high velocity flows and
both wet and dry periods.

Both the top and toe of the dope should be asflat as possible to encourage sheet flow and
prevent erosion.

Regional Variations

In cold climates, filter strips provide a convenient area for snow storage and treatment. If used
for this purpose, vegetation in the filter strip should be sat-tolerant, (e.g., creeping bentgrass),
and a maintenance schedule should include the remova of sand built up at the bottom of the
dope. In arid or semi-arid climates, designers should specify drought-tolerant grasses (e.g.,
buffalo grass) to minimize irrigation requirements.

Limitations
Filter strips have severd limitations related to their performance and space consumption:

The practice has not been shown to achieve high pollutant removal.

Filter strips require alarge amount of space, typicdly equd to the impervious areathey
trest, making them often infeasible in urban environments where land prices are high.

If improperly designed, filter strips can become a mosquito breeding ground.
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Proper design requires agreat dedl of finesse, and dight problemsin the design, such as
improper grading, can render the practice ineffective in terms of pollutant removal.

M aintenance Consider ations

Flter gtrips require amilar maintenance to other vegetative practices (see Grassed Swales fact
sheet). These maintenance needs are outlined below. Maintenance is very important for filter
grips, particularly in terms of ensuring that flow does not short circuit the practice.

Table 1. Typica maintenance activities for grassed filter strips (Source: CWP, 1996)

Activity Schedule

Inspect pea gravel diaphragm for clogging and
remove built-up sediment.

Inspect vegetation for rills and gullies and Annual inspection (semi-
correct. Seed or sod bare areas. annual thefirst year)

Inspect to ensure that grass has established. If
not, replace with an alternative species.

Mow grassto maintain a 3—4 inch height Regular (frequent)

Remove sediment build-up within the bottom
when it has accumulated to 25% of the original Regular (infrequent)
capacity.

Effectiveness

Structura storm water management practices can be used to achieve four broad resource
protection goas. These include flood control, channel protection, ground water recharge, and
pollutant removal. The first two gods, flood control and channd protection, require that a storm
water practice be able to reduce the peak flows of relatively large sorm events (at least 1- to 2-
year sorms for channel protection and at least 10- to 50-year scorms for flood control). Filter
strips do not have the capacity to detain these events, but can be designed with a bypass system
that routes these flows around the practice entirely.

Filter gtrips can provide asmadl amount of ground water recharge as runoff flows over the
vegetated surface and ponds at the toe of the dope. In addition, it is believed that filter strips can
provide modest pollutant remova. Studies from agricultura settings suggest that a 15-foot-wide
grass buffer can achieve a 50 percent removal rate of nitrogen, phosphorus, and sediment, and
that a 100-foot buffer can reach closer to 70 percent removal of these congtituents (Desbonette et
a., 1994). It is unclear how these results can be trandated to the urban environment, however.
The characteridtics of the incoming flows are radicaly different both in terms of pollutant
concentration and the peak flows associated with smilar ssorm events. To date, only one study
(Yuetd., 1992) has investigated the effectiveness of a grassed filter Strip to treat runoff from a
large parking lot. The study found that the pollutant remova varied depending on the length of
flow in the filter grip. The narrower (75-foot) filter strip had moderate remova for some
pollutants and actualy appeared to export lead, phosphorus, and nutrients (See Table 2).
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Table 2. Pollutant remova of an urban vegetated filter strip (Source: Yu et d., 1993)

Pollutant Removal (%)
75-Ft Filter Strip 150-Ft Filter Strip
Total suspended solids %) %
Nitrate+nitrite -27 20
Total phosphorus -25
Extractable lead -16
Extractable zinc 47

Cost Considerations

Little data are available on the actua congtruction cogts of filter strips. One rough estimate can

be the cost of seed or sod, which is approximately 30¢ per ft* for seed or 70¢ per ft? for sod. This
amounts to between $13,000 and $30,000 per acre for afilter strip, or the same amount per
impervious acre tregted. This cogt isrelatively high compared with other trestment practices.
However, the grassed area used as afilter strip may have been seeded or sodded even if it were
not used for treetment. In these cases, the only additiona costs are the design, which is minimd,
and the ingtdlation of aberm and grave digphragm. Typica maintenance costs are about
$350/acrefyear (adapted from SWRPC, 1991). This cost isrelatively inexpensive and, again,
might overlap with regular landscape maintenance cods.

The true cost of filter dripsis the land they consume, which is higher than for any other

treatment practice. In some stuations thisland is available as wasted space beyond back yards or
adjacent to roadsides, but this practice is cost-prohibitive when land prices are high and land
could be used for other purposes.
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Runoff pretreatment practices

Catch Basin

Postconstruction Storm Water M anagement
in New Development and Redevelopment

Description

A caich basin (ak.a sorm draininlet, curb inlet) isan
inlet to the gorm drain system that typicaly includes a
grate or curb inlet and a sump to capture sediment,
debris, and associated pollutants. They are dso used in
combined sewer overflow (CSO) watersheds to capture
floatables and settle some solids. Catch basins act as
pretreatment for other treatment practices by capturing
large sediments. The performance of catch basins at
removing sediment and other pollutants depends on the

by e

design of the catch basin (e.g., the Sze of the sump) and A worker inserts a catch basin insert for oil

mai ntenance procedures to retain the storage available in and grease, trash, debris, and sediment

the sump to capture sediment. removal from storm water as it enters the
storm drainage system (Source; AhTech

Applicability Industries, 2001}

Catch basins are used in drainage systems throughout the United States. However, many catch
basins are not idedly designed for sediment and pollutant capture. Ided application of caich
basinsis as pretrestment to another storm water management practice. Retrofitting existing catch
basins may help to improve their performance substantialy. A smple retrofit option is to ensure
that all catch basins have a hooded outlet to prevent floatable materias, such as trash and debris,
from entering the gorm drain system.

Limitations
Caich badins have three mgor limitations, including:

Even idedly desgned catch basins cannot remove pollutants as well as structural storm
water management practices, such as wet ponds, sand filters, and storm water wetlands.

Unless frequently maintained, catch basins can become a source of pollutants through
resuspension.

Catch basins cannot effectively remove soluble pollutants or fine particles.

Siting and Design Consider ations

The performance of catch basinsisrelated to the volume in the sump (i.e,, the sorage in the
catch basin below the outlet). Lager et d. (1997) described an "optimd" catch basin Szing
criterion, which rdates al catch basin dimensions to the diameter of the outlet pipe (D):
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The diameter of the catch basin should be equal to 4D.

The sump depth should be at least 4D. This depth should be increased if cleaning is
infrequent or if the area draining to the catch basin has high sediment loads.

The top of the outlet pipe should be 1.5 D from the bottom of theinlet to the catch basin.

Catch basins can aso be sized to accommodate the volume of sediment that enters the system.
Fitt et al. (1997) propose a sizing criterion based on the concentration of sediment in storm water
runoff. The catch basin is sized, with afactor of safety, to accommodate the annua sediment

load in the catch basin sump. This method is preferable where high sediment loads are
anticipated, and where the optimal design described above is suspected to provide little
treatment.

The basic design should aso incorporate a hooded outlet to prevent floatable materials and trash
from entering the sorm drain system. Adding a screen to the top of the catch basin would not
likely improve the performance of catch basins for pollutant remova, but would help capture
trash entering the catch basin (Fitt et a., 1997).

A vaiety of other materids may aso be used to filter runoff entering the catch basin. These
products are known as "catch basin inserts.” There are two basic catch basin insert varieties. One
insert option congsts of a series of trays, with the top tray serving as an initid sediment trgp, and
the underlying trays composed of mediafilters. Another option uses filter fabric to remove
pollutants from storm water runoff. These devices have avery smdl volume, compared to the
volume of the catch basin sump, and would typicaly require very frequent sediment remova.
Bench test studies found that a variety of options showed little removal of tota suspended solids,
partidly due to scouring from ratively smal (6-month) storm events (ICBIC, 1995).

One design adaptation of the standard catch basin is to incorporate infiltration through the catch
basin bottom. Two challenges are associated with this design. Thefirdt is potentia ground water
impacts, and the second is potentid clogging, preventing infiltration. Infiltrating catch basins
should not be used in commercid or industrial aress, because of possible ground water
contamination. While it is difficult to prevent clogging a the bottom of the catch basin, it might
be possible to incorporate some pretreatment into the design.

Maintenance Consider ations

Typicd maintenance of catch basns includes trash removad if ascreen or other debris capturing
deviceisused, and removal of sediment using a vactor truck. Operators need to be properly
trained in catch basin maintenance. Maintenance should include keegping alog of the amount of
sediment collected and the date of remova. Some cities have incorporated the use of GIS
systems to track sediment collection and to optimize future catch basin cleaning efforts.

One study (Fitt, 1985) concluded that catch basins can capture sediments up to approximately 60
percent of the sump volume. When sediment fills grester than 60 percent of their volume, catch
basins reach steady state. Storm flows can then resuspend sediments trapped in the catch basin,
and will bypass trestment. Frequent clean-out can retain the volume in the catch basin sump
available for trestment of storm water flows.

At aminimum, catch basins should be cleaned once or twice per year (Aronson et d., 1993).
Two studies suggest that increasing the frequency of maintenance can improve the performance
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of catch basins, particularly in industria or commercia areas. One study of 60 catch basinsin
Alameda County, Cdifornia, found that increasing the maintenance frequency from once per
year to twice per year could increase the total sediment removed by catch basins on an annua
basis (Mineart and Singh, 1994). Annud sediment removed per inlet was 54 pounds for annua
cleaning, 70 pounds for semi-annud and quarterly cleaning, and 160 pounds for monthly
cleaning. For catch basins draining industrid uses, monthly cleaning increased totd annud
sediment collected to six times the amount collected by annual cleaning (180 pounds versus 30
pounds). These results suggest that, at least for industrid uses, more frequent cleaning of catch
basins may improve efficiency. However, the cost of increased operation and maintenance costs
needs to be weighed againgt the improved pollutant removal.

In someregions, it may be difficult to find environmentally acceptable disposd methods for
collected sediments. The sediments may not dways be land-filled, land-applied, or introduced
into the sanitary sewer system due to hazardous waste, pretreatment, or ground water regulations.
Thisis particularly true when caich basins drain runoff from hot spot aress.

Effectiveness

What is known about the effectiveness of catch basnsislimited to afew studies. Table 1
outlines the results of some of these studies.

Table 1. Pollutant removal of catch basins (percent).

Study Notes TSS* |CcOD? |BOD? | TN® | TP? Metals

Pitt et a., 1997 - 32 - — - -

Only very smell storms
were monitored in this 60-97 | 10-56 | 54-88 - - —
study.

Aronson et al.,
1983

Annual load reduction
Mineart and estimated based on
Singh, 1994 concentrations and mass
of catch basin sediment.

For Copper:
- - - - - 3-4% (Annual cleaning)
15% (Monthly cleaning)

2 TSS=total suspended solids; COD=chemical oxygen demand; BOD=biological oxygen demand; TN=total
nitrogen; TP=total phosphorus

Cogt Considerations

A typica pre-cast catch basin costs between $2,000 and $3,000. The true pollutant removal cost
associated with catch basins, however, isthe long-term maintenance cost. A vactor truck, the
most common method of catch basin cleaning, costs between $125,000 and $150,000. This
initid cost may be high for smaler Phase Il communities. However, it may be possibleto sere a
vactor truck with another community. Typica vactor trucks can store between 10 and 15 cubic
yards of materia, which is enough storage for three to five catch basins with the "optima™

design and an 18-inch inflow pipe. Assuming semi-annud ceaning, and that the vactor truck
could befilled and materid disgposed of twice in one day, one truck would be sufficient to clean
between 750 and 1,000 catch basins. Another maintenance cost is the staff time needed to
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operate the truck. Depending on the regulations within a community, disposa codts of the
Sediment captured in catch basins may be sgnificant.
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In-Line Storage

Postconstruction Storm Water M anagement
in New Development and Redevelopment

Description

. . Stomn Wister Storage
In-line storage refers to anumber of practices a

designed to use the storage within the storm Batm e

3 - . Longitudinal
drain system to detain flows. While these Street Profie
practices can reduce storm pesk flows, they
are unable to improve water quality or protect Controlled =
downstream channels. Storage is achieved by Dl i ' Catch Basin

. . R . eer System
placing devicesin the sorm drain system to
redirict the rate of flow. Devices can dow the Flowy Regulstar
rete of flow by ba:klng up flow, asinthe Mote: Mot to scale and grest vertical exaggeration
case of adam or welr, or through the use of Catch basins can be equipped with flow restrictors
vortex vaves, devices that reduce flow rates to temporarily detain storm water in the conveyance
by creating ahdlica flow path in the system

dructure. A description of various flow
regulatorsisincluded in Urbonas and Stahre (1990).

Applicability

In-line storage practices serve the same purpose as traditiona detention basins (see Dry
Extended Detention Pond). These practices can act as a surrogate for aboveground storage when
little space is available for aboveground storage facilities.

Limitations
In-line orage has severd limitations, including:

In-line storage practices only control flow, and thus are not able to improve the water
qudity of storm water runoff.

If improperly designed, these practices may cause upstream flooding.
Siting and Design Consider ations

Fow regulators cannot be applied to dl sorm drain systems. In older cities, the scorm drainpipes
may not be oversized, and detaining slorm water within them would cause upstream flooding.
Another important issue in Sting these practicesis the dope of the pipesin the system. In areas
with very flat dopes, regtricting flow within the sysem islikely to cause upstream flooding
because introducing a regulator into the system will cause flows to back up along distance
before the regulator. In steep pipes, on the other hand, a storage flow regulator cannot utilize
much of the storage available in the sorm drain system.
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Maintenance Consider ations

Flow regulators require very little maintenance, because they are designed to be "sdlf cleaning,”
much like the storm drain system. In some cases, flow regulators may be modified based on
downsiream flows, new connections to the scorm drain, or the application of other flow
regulators within the system. For some designs, such as check dams, regulations will require
only moderate congtruction in order to modify the structure's design.

Effectiveness

The effectiveness of in-line storage practicesis Ste-specific and depends on the Storage available
in the sorm drain system. In one study, a single application was able to reduce peak flows by
approximately 50 percent (VDCR, 1999).

Cost Considerations

Flow regulators are relatively low cost options, particularly since they require little maintenance
and consume little surface area.

References
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Manufactured Productsfor Storm Water Inlets

Postconstruction Storm Water M anagement
in New Development and Redevel opment
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The typical design of a catch basin insert is a set of filters that
are specifically chosen to address the pollutants expected at
that site (Source: King County, Washington, 2000)

Description

A variety of products for ssorm water inlets known as swirl separators, or hydrodynamic
sructures, have been widdy applied in recent years. Swirl separators are modifications of the
traditiond oil-grit separator and include an internal component that crestes a swirling motion as
storm water flows through a cylindrical chamber. The concept behind these designsiis that
sediments settle out as sorm water movesin this swirling path. Additionad compartments or
chambers are sometimes present to trap oil and other floatables. There are severd different types
of proprietary separators, each of which incorporates dightly different design variations, such as
off-line application. Another common manufactured product is the catch basin insert. These
products are discussed briefly in the Catch Basin fact shest.

Applicability

Swirl separators are best ingtalled on highly impervious Stes. Because little data are available on
their performance, and independently conducted studies suggest margind pollutant remova,
swirl separators should not be used as a stand-aone practice for new development. The best
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gpplication of these productsiis as pretreatment to another storm water device, or in aretrofit
gtuation where spaceis limited.

Limitations
Limitations to swirl separatorsinclude:

Very little data are available on the performance of these practices, and independent
studies suggest only moderate pollutant removal. In particular, these practices are
ineffective a removing fine particles and soluble pollutants.

The practice has a high maintenance burden (i.e., frequent cleanout).
Swirl concentrators are restricted to smdl and highly impervious Stes.
Siting and Design Consider ations

The specific design of swirl concentratorsis specified by product literature available from each
manufacturer. For the most part, swirl concentrators are arate-based design. That is, they are
Szed based on the peak flow of a specific ssorm event. This design contrasts with most other
storm water management practices, which are sized based on capturing and storing or tregting a
specific volume. Sizing based on flow rate dlows the practice to provide treatment within a
much smdller area than other sorm water management practices.

Maintenance Consider ations

Swirl concentrators require frequent maintenance (typicaly quarterly). Maintenanceis
performed using a vactor truck, asis used for catch basins (see Catch Basin). In some regions, it
may be difficult to find environmentally acceptable digposd methods. The sediments may not
aways be land-filled, land-applied, or introduced into the sanitary sewer system dueto
hazardous waste, pretrestment, or groundwater regulations. Thisis particularly true when catch
basins drain runoff from hot spot aress.

Effectiveness

While manufacturers literature typicaly reports remova rates for swirl separator design, thereis
actudly very little independent data to eva uate the effectiveness of these products. Two studies
investigated one of these products. Both studies reported moderate pollutant remova. While the
product outperforms oil/grit separators, which have virtudly no pollutant remova (Schueler,
1997), the removal rates are not substantialy different from the standard catch basin. One long-
term advantage of these products over catch basnsisthat, if they incorporate an off-line design,
trapped sediment will not become resuspended. Data from two studies are presented below. Both
of these studies are summarized in a Claytor (1999).
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Table 1. Effectiveness of manufactured products for sorm water inlets

Sudy Grebetal., 1998 Labatiuk et al., 1997
Investigated 45 precipitation events over a 9-month Data repr t the mean percent
Notes  |period. Percent removal ratesreflect overall efficiency,
accounting for pollutantsin bypassed flows. removal rate for four storm events.
TSS? 21 515
TDS? -21 -
TP? 17 -
DP? 17 -
Pb? 24 512
zn? 17 39.1
cu? - 215
PAH? 32 -
N02+NO3{JI 5 -

& TSS=total suspended solids; TDS=total dissolved solids; TP=total phosphorus; DP=dissolved phosphorus;
Pb=lead; Zn=zinc; Cu=copper; PAH=polynuclear aromatic hydrocarbons; NO,+NOs=nitrite+nitrate-nitrogen

Cost Considerations

A typica swirl separator costs between $5,000 and $35,000, or between $5,000 and $10,000 per
impervious acre. This cogt is within the range of some sand filters, which dso treat highly

urbanized runoff (see Sand Filters). Swirl separators consume very little land, making them
atractive in highly urbanized aress.

The maintenance of these practicesis reatively expensive. Swirl concentrators typically require
quarterly maintenance, and a vactor truck, the most common method of cleaning these practices,
cogts between $125,000 and $150,000. Thisinitid cost may be high for smaller Phase ||
communities. However, it may be possible to share a vactor truck with another community.
Depending on the rules within a community, disposa cogts of the sediment captured in swirl
separators may be sgnificant.
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