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Bio-Retention Practices
Many of the common green infrastructure 
techniques serve as examples of bioretention. 
Whether installed on rights-of-way or in a 
residential backyard, bioretention practices 
focus on capturing stormwater runoff, filtering 
pollutants, and promoting infiltration that 
recharges the groundwater on-site. All bio-
retention practices consist of a basin-like shape 
that encourages the in-flow of runoff from an 
adjacent roadway, parking lot, or property. Once 
runoff has entered the basin, it is distributed 
evenly across a filtering medium of woody and 
herbaceous plants, mulch, and engineered 
soil. The intention of this design is to reduce 
the velocity of the runoff, and subsequently, to 
remove pollutants as the runoff slowly infiltrates 
the soil. As infiltration occurs, the removal of 
runoff pollutants will be conducted through the 
work of the site’s plants and microorganisms 
through processes like adsorption, 
decomposition and the uptake of particulate 
pollutants by the plant’s root structure. 

A bio-retention site’s ability to reduce or halt 
the velocity of runoff will greatly increase its 
capacity to filter pollutants, as all of the previous 
processes mentioned can only transpire 
effectively once this has occurred. As infiltration 
begins, the absorbed stormwater passes slowly 
through layers of engineered soil and stone 
aggregate, before it continues through to the 
subgrade that lies beneath the bioretention site, 
or alternatively, exiting through a perforated 
underdrain that has been included in the 
installation.  

Bio-retention practices tend to be most 
effective when located upstream, and when they 

have been designed specifically to manage and 
filter runoff before it enters the sewer system. In 
turn, these practices should be applied in close 
proximity to sewer inlets, in places where runoff 
(and runoff pollution) from impervious surfaces 
typically collects, and where it can be managed 
and treated before it enters the sewer.
Bio-retention practices tend to be smaller in 
size than other forms of green stormwater 
infrastructure, which is largely a product of the 
urban, developed locations where they are most 
commonly found. In turn, while bio-retention 
practices often are not the only solution needed 
to address flooding in an area, they can assist 
with managing a portion of an area’s stormwater 
volumes, as well as treating it before it enters 
the sewer, and they can reduce occurrences of 
combined sewer overflows (CSOs), a priority 
water pollution concern for municipalities with 
combined sewer systems (CSS).1 Combined 
sewer overflows occur when the volume of 
stormwater or wastewater exceed the capacity 
of the CSS or treatment plant and results in 
untreated water discharging directly into nearby 
water bodies.2

Bio-Retention Practices

• Bioswale - Hybrid Ditch
• Rain Garden
• Stormwater Planter

Typical Locations

• Upstream
• Rights of Way (roads, sidewalks)
• Parking Lots
• Building Sets and Backyards

1, 2 https://www.epa.gov/npdes/combined-sewer-
overflows-csos
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Bioswale/Hybrid Ditch

A bioswale / hybrid ditch functions in some ways 
like a conventional grass ditch that sits within 
the right-of-way along the road edge. Rainwater 
runoff flows across the crown of a road and enters 
at any point along its length. The main difference 
between the two is that a bioswale will have  
herbaceous perennial plantings and a hybrid 
ditch will have turf grass. In addition to providing 
biofiltration as discussed in the introductory 
section, a bioswale / hybrid ditch slopes with 
the road to act as a conveyance channel which 
connects to an existing conventional ditch, 
surface water, or storm sewer.

The significant difference between a bioswale / 
hybrid ditch and a conventional vegetated swale 
(GI 6) is beneath the surface. A bioswale/hybrid 
ditch has an engineered soil sub-base, which is 
a mixture of sand, and compost (and sometimes 
topsoil). The importance of the engineered soil 
cannot be overstated. It provides a sponge to 
absorb and hold runoff for later use by plant 
material, a physical filter for removing pollutants 

Location: Right-of-way

Width: At least 5'

Length: Scalable

Drainage Area: <5 acres

Source: http://water.epa.gov/infrastructure/greeninfrastructure/gi_what.cfm

and sediment from runoff, and an excellent 
growing media for herbaceous perennial plants. 
A specification section for engineered soil 
that can be incorporated into the construction 
documents is located in Appendix C.

In the case of the bioswale, a variety of large 
herbaceous plants in the engineered soil take 
some of the runoff up through their dense root 
system. Additionally, an optional perforated 
underdrain within the stone layer can convey 
filtered water that does not infiltrate into the 
subgrade soil.

Customization Options

This practice can be customized in a number of 
ways. The aesthetics can be tailored through 
plant selection. It is recommended that large 
herbaceous plugs be used to establish a bioswale. 
Gallon-sized plants may be used to more quickly 
establish plants. Hybrid ditches are typically 
planted with seed, but sod could be chosen for a 
more immediate finish. 

Figure 5: Bioswale in a suburban setting
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An erosion control blanket should be used over 
the surface of the bioswale, to prevent erosion 
during vegetation establishment. Seeding 
should be placed under the blanket. Live plant 
material will require cutting through the blanket, 
for each plant. When live planting, leaf mulch 
could be used as an alternative to erosion control 
blanket. When a hybrid ditch is vegetated using 
sod, no erosion blanket is needed.

Other customization options are a function of 
the site conditions. An overflow structure and 
perforated underdrain can connect the bioswale 
to the larger storm network, carrying excess 
runoff downstream. An overflow structure or 
culvert must be included at a site with driveway 
crossings. 

There are several ways to manage driveway 
crossings. Overflow structures with rim 
elevations above the bottom, but below the 
street, can be provided at each crossing. 
Depending on the infiltration capacity of the 
ditch, rarer overflow events can conversely be 
allowed to overtop the edge of the ditch, and 
flow to the street’s curb and gutter section to 
convey runoff past the driveway.

An underdrain will also be required if the site is flat 
or is found to have poor infiltration in its subgrade 
soils. Underdrains do not necessarily need to 
extend the full length of the bioswale and a stub 
at the downstream end of the bioswale may 
simply be used. With this design, the aggregate 
layer serves as the below grade conveyance, but 
at a lower rate than through an underdrain. This 
provides additional time for runoff infiltration 
and utilization by the plant material. Lastly, 
optional overflow pipes must be connected to 
the larger storm network, either by connecting 
to an existing structure, or by installing a new 
manhole atop an existing pipe.

Maintenance

The herbaceous plants in bioswales have an 
establishment period and need to be watered 
3 times a week for the first 4 weeks after 
installation. The herbaceous plants also need to 
be watered twice a week through October of the 
first year. After that point, the drought tolerant 
plants should withstand normal weather cycles. 
Other maintenance includes monthly debris 
removal, weeding, and pruning. Bioswales would 
also require a spring clean-up to remove built up 
debris from the winter, provide pre-emergent 
plant care, and installation and replacement of 
mulch. The perennials also need to be cut back in 
mid-March or November.

A hybrid ditch is maintained like any other 
roadside ditch, requiring only regular mowing and 
debris removal. The maintenance costs for green 
infrastructure practices with large, herbaceous 
plants and engineered soil is significant. If the 
installation is not maintained properly and on 
a regular basis, then the functionality of the 
system will become compromised. The specific 
cost will depend on the scale and complexity of 
the installation and the bidding environment for 
the labor contract. It is possible to self-perform 
the maintenance work or to save money by 
working with a not-for-profit that provides 
volunteer labor. The design engineer should 
work to calculate a site-specific life cycle cost 
that accounts for maintenance when considering 
the feasibility of the project.
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Table 4: Bioswale/hybrid ditch unit costs1, 2 
Item Description Unit Price Unit

GI Technique Bioswale/Hybrid Ditch Design/Engineering 15% of Construction Cost LS

Mobilization $10,000.00 LS

Excavation & Haul $45.00 CY

Leaf Mulch $70.00 CY

Engineered Soil $80.00 CY

Open-Grade Crushed Stone $65.00 CY

Geotextile Fabric $5.00 SY

Erosion Blanket $3.00 SY

Required Component Native Plantings Plugs (12” on center) $5.00 EA

Gallons (36” on center) $15.00 EA

Custom options Outlet Control/
Overflow structure

Outlet Control Drainage Basin 
(varies by size)

$2,800.00 EA

Underdrain 4” HDPE Perforated Pipe $20.00 LF

Storm Sewer 12” HDPE storm sewer $65.00 LF

Underdrain Cleanout $600.00 EA

Connection to existing storm structure $600.00 EA

1 Installed cost include material and labor based on bid tabs from related projects and RS Means.
2 Unit price based on a 1,000 linear foot installation within the right of way in a residential area with 1/8 acre lots. Unit prices for 
specific projects will vary based on scale, complexity, labor environment, and material cost trends. A detailed cost estimate should be 
prepared by the design engineer.

Cost Information

Cost information is provided for each green infrastructure practice. The installed costs are based 
on project experience, bid tabs, and information from the RS Means Building Construction Costs 
Data (2020 edition), which is an industry standard compilation of unit costs for various construction 
activities. The costs in the table below can be used to scope a project, but a project-specific cost 
estimate should be prepared by the design engineer that takes into account the project scale and 
complexity, material cost trends, and the labor and bidding environment.

Specifications

Specifications are an important component in the design of green infrastructure. Along with the 
construction documents, the design engineer should make site-specific customizations to the 
following sections of the standard specifications from the Illinois Urban Manual in order to have a full 
set of specifications for a bioswale or hybrid ditch. Other sections can be included on an as-needed 
basis. Further instructions on the use of specifications are included in Appendix B, and an engineered 
soil specification is included in Appendix C.

Construction Specifications
2 - Clearing and Grubbing
5 - Pollution Control
6 - Seeding, Sprigging and 
Mulching
7 - Construction Surveys
8 - Mobilization and 
Demobilization
21 - Excavation
23 - Earthfill
24 - Drainfill
25 - Rockfill

26 - Topsoiling
44 - Corrugated Polyethylene 
Tubing
46 - Tile Drains
94 - Contractor Quality Control
95 - Geotextile
707 - Digging, Transporting, 
Planting, and Establishment of 
Trees, Shrubs and Vines
752 - Stripping, Stockpiling, Site 
Preparation and Spreading Topsoil

Material Specifications
521 - Aggregates for Drainfill 
and Filters
548 - Corrugated 
Polyethylene Tubing
592 - Geotextile
804 - Material for Topsoiling 
Appendix C - Engineered Soil
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Bioswale with Native Plantings (pt. 1)
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Bioswale with Native Plantings (pt. 2)
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Hybrid Ditch
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Bioswale and Hybrid Ditch Notes
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Rain Garden

Rain gardens present an opportunity for 
infiltration in a low spot of a property. The rain 
garden acts like a bowl that fills up with water 
and then drains slowly to the native soil or an 
engineered underdrain system. 

During rain events, runoff collects inside the rain 
garden until it reaches the height of an overflow 
structure, typically set 6 inches to 1 foot above 
the engineered soil layer. Runoff  that doesn’t 
enter the overflow structure filters through 
the engineered soil layer to subgrade or a layer 
of stone beneath. A rain garden is planted with 
native or large herbaceous plants to encourage 
infiltration and to promote biofiltration. Native 
plants have a deeper root network than grass, 
which draws surface water deeper into the 
ground. Native plants are naturally drought and 
flood tolerant, which allows them to thrive in the 
rain garden. 

Location: Depressed area

Width: At least 5'

Length: Scalable (2L:1W)

Drainage Area: <2 acres

Source: source: http://water.epa.gov/infrastructure/greeninfrastructure/gi_what.cfm

Figure 6: Rain garden in a suburban setting

Customization Options

A geotechnical engineer should test the 
infiltration rate of the underlying soil in the 
location of the rain garden. The design should 
consider the infiltration capacity of the subgrade 
soils when designing the system and determine 
the need for an underdrain. If the infiltration 
rate is greater than 0.5 in/ hr, then the volume 
of runoff infiltrated during the event may be 
sufficient, so as to not require an underdrain as 
part of the rain garden’s design for managing 
runoff volumes. Depending on the specifics of 
the site, an overflow structure may be warranted 
to prevent flooding of surrounding areas. In 
certain cases, surface overflow to the adjacent 
landscape and the street may prove to be 
minimal, and therefore acceptable. The design 
engineer should also select whether plugs or 
gallons will be used, along with the species 
mix for the herbaceous plants. Establishment 
through seeding is also an option, however, it will 
take longer for vegetation to establish and more 
intensive maintenance will be required during 
the establishment period to control weeds.
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Maintenance

Native plants need to be watered 3 times per week 
during an establishment period, typically the first 
4 weeks after installation. During the first year of 
establishment, the plants will need to be watered 
and weeded twice per week through October of 
the first year, and during any subsequent years in 
which there is a drought. Mulching and mowing 
will occur annually through the first three years 
of establishment. Establishment can take up to 
five years if plants are established by seeding. 
Debris removal and weeding will be necessary 
as needed throughout the life of the rain garden. 
Trimming, removal, and replacement of dead 
plants must occur on an as-needed basis. 

 Cost Information

Cost information is provided for each green 
infrastructure practice. The installed costs 
are based on project experience, bid tabs, 
and information from the RS Means Building 
Construction Costs Data (2020 edition), which 
is an industry standard compilation of unit costs 
for various construction activities. The costs in 
the table below can be used to scope a project, 
but a project-specific cost estimate should be 
prepared by the design engineer that takes 
into account the project scale and complexity, 
material cost trends, and the labor and bidding 
environment.

Table 5: Rain garden unit costs1,2

1 Installed cost includes material and labor based on bid tabs from related projects and RS Means.
2 Unit price based on a 2,000 sf rain garden with a 1.0 acre drainage area located within a publicly controlled park. Unit prices will 
vary. Unit prices for specific projects will vary based on scale, complexity, labor environment, and material cost trends. A detailed cost 
estimate should be prepared by the design engineer.

Item Description Unit Price Unit

GI Technique Rain Garden Design/Engineering 15% of Construction Cost LS

Mobilization $10,000.00 LS

Excavation & Haul $45.00 CY

Leaf Mulch $70.00 CY

Engineered Soil $80.00 CY

Open-Grade Crushed Stone $65.00 CY

Geotextile Fabric $5.00 SY

Erosion Blanket $3.00 SY

Required Component Splash Pad Cobble Splash Pad $250.00 EA

Native Plantings Plugs (12” on center) $5.00 EA

Gallons (36” on center) $15.00 EA

Custom options Trees Varies by species and size $400.00 EA

Shrub Varies by species and size $60.00 EA

Outlet Control/
Overflow structure

Outlet Control Drainage Basin 
(varies by size)

$2,800.00 EA

Underdrain 4” HDPE Perforated Pipe $20.00 LF

Storm Sewer 12” HDPE storm sewer $65.00 LF

Underdrain Cleanout $600.00 EA

Connection to existing storm structure $600.00 EA
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Specifications

The construction techniques and materials involved in a rain garden installation are identical to that 
of a bioswale. As such, the minimum specification sections required are also the same. For more 
information on use of the standard specifications from the Illinois Urban Manual, refer to Appendix B.

Construction Specifications 
2 - Clearing and Grubbing 
5 - Pollution Control 
6 - Seeding, Sprigging and Mulching 
7 - Construction Surveys 
8 - Mobilization and Demobilization 
21 - Excavation 
23 - Earthfill 
24 - Drainfill 
25 - Rockfill 
26 - Topsoiling 
44 - Corrugated Polyethylene Tubing 
46 - Tile Drains 
94 - Contractor Quality Control 
95 - Geotextile 
707 - Digging, Transporting, Planting, and 
Establishment of Trees, Shrubs and Vines 
752 - Stripping, Stockpiling, Site Preparation 
and Spreading Topsoil

Material Specifications 
521 - Aggregates for Drainfill and Filters 
548 - Corrugated Polyethylene Tubing 
592 - Geotextile 
804 - Material for Topsoiling Appendix C – 
Engineered Soil
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Rain Garden
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Rain Garden Notes
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Stormwater Planters

A stormwater planter is a linear infiltration basin 
that typically sits between a street and a sidewalk 
in the right-of-way and is surrounded by vertical 
curbing. Rainwater runoff from the sidewalk 
and/or the street drains into the stormwater 
planter through openings in the curbing. If the 
planter is designed to manage street runoff the 
planter surface must be below the street gutter 
elevation.

A cobble or concrete splash pad helps to collect 
the bulk of sediment and to prevent erosion of 
the mulch and engineered soil. Runoff is filtered 
through a layer of engineered soil, a mixture of 
sand and compost (and sometimes topsoil). A 
variety of herbaceous plants in the engineered 
soil take some of the runoff up through their 
dense root system. Beneath the engineered 

soil, a layer of stone may be provided between 
the engineered soil and subgrade. Clean runoff 
that has been filtered by the engineered soil 
and the plantings can infiltrate into the ground, 
eventually recharging the groundwater.

During rain events, runoff collects inside the 
stormwater planter until it reaches the height of 
an overflow structure, typically set 6 to 9 inches 
above the engineered soil layer. In other cases, 
the planter can be allowed to overflow through a 
curb cut and continue down the curb and gutter 
system. Additionally, if the native soil infiltration 
is inadequate, a perforated underdrain is required 
within the stone layer to convey filtered water 
that does not infiltrate into the soil. The overflow 
structure and perforated underdrain connect the 
stormwater planter to the larger pipe network, 
carrying excess runoff downstream.

Figure 7: Stormwater planter in a suburban setting

Location: Right-of-way

Width: Scalable

Length: Scalable

Drainage Area: <2 acres

Source: http://water.epa.gov/infrastructure/greeninfrastructure/upload/Pittsburgh-
United-Fact-Sheets-508.pdf
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Customization Options

Stormwater planters are scalable by both length 
and width depending on the space available and 
the target storage volume. During the design 
phase, the design engineer should strive to 
integrate the stormwater planters into the 
surrounding community by considering access 
to adjacent homes or businesses. Another 
option is to include an 18-inch wide courtesy 
walk between the pavement curb and the on the 
street side of the planter to assist individuals 
when they exit their vehicles. The curb height 
surrounding the planter may be increased to 
18-inches to provide an ad-hoc seat wall. A 
planting palette with taller vegetation should be 
used with taller curb heights.

As previously discussed, a geotechnical engineer 
should test the infiltration rate of the underlying 
soil in the location of the rain garden. The design 
should consider the infiltration capacity of the 
subgrade soils when designing the system 
and determine the need for an underdrain. If 
the infiltration rate is greater than 0.5 in/ hr, 
then the volume of runoff infiltrated during the 
event may be sufficient, so as to not require an 
underdrain as part of the rain garden’s design 
for managing runoff volumes. Depending on the 
specifics of the site, an overflow structure may 
be warranted to prevent flooding of surrounding 
areas. In certain cases, surface overflow to the 
adjacent landscape and the street may prove to 
be minimal, and therefore acceptable. 

The design engineer should also select 
whether plugs or gallons will be used, along 
with the species mix for the native plants. The 
stormwater planter detail GI 3.04 provides a 
wide selection of herbaceous plants that can 
be selected, including many native species. The 
design engineer could choose any combination 
and layout to create a custom style. One could 
even create multiple plant palettes for the same 
project based on color or ability to attract bees, 
birds, and butterflies. These palettes could be 
presented to property owners to choose the 
type of plants that will be installed in the right-
of-way in front of their home or business, as a 
means of community engagement. Also, the 

typical concrete splash pad could be substituted 
with decorative cobbles or glacial boulders for a 
different look, but at a higher cost.  

Another option for the stormwater planter is 
to include trees. Urban tree infrastructure is an 
important stormwater management technique, 
because the leaf area and roots can absorb a 
tremendous amount of water when mature. 
Research has shown that street trees survive 
longer and grow to be larger and more mature 
when an adequate volume of planting soil is 
provided7. When trees are planted in compacted 
soil or put in a tree box, the root structure 
is abbreviated. Either the tree will die or the 
surrounding infrastructure will be compromised 
by the roots. Since trees also cast significant 
shade when mature, the herbaceous species 
around the tree may need to be modified to 
account for the increasing levels of shade as the 
tree grows.

One potential solution for this is to install Cornell 
University (CU) Structural Soil around and 
adjacent to the tree location. CU Structural Soil 
is a proprietary product developed at Cornell 
University that combines compacted drainage 
aggregate (ASTM No. 57 stone) for structural 
stability with a proven growing medium, loamy 
soil.  In addition to CU soils, there are numerous 
blends of non-proprietary and sand-based 
and aggregate-based mixes that can be used. 
Another option for providing soil volume for trees 
along with structural support for pavements 
above is to install a proprietary product like a 
Silva Cell (www.deeproot.com). Where structural 
soil or support cells are provided to expand the 
soil volume beyond the planter, openings in 
the planter walls will be needed to provide root 
access to the soil.

Lastly, the shape of a stormwater planter can 
be modified and expanded into a parallel parking 
lane or stalls in a parking lot. This is called a 
stormwater bump out, and it can provide larger 
storage volumes as well as give flexibility to the 
aesthetic of an installation.
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Maintenance

The maintenance required for a stormwater 
planter is similar to that of a bioswale. This 
includes water for plant establishment, watering, 
trash and debris removal, mulch replacement, 
weeding and annual trimming of the native 
plants. Within a couple of years, the native plants 
will be mature and fill the stormwater planter, 
choking out invasive species.

Cost Information

Cost information is provided for each green 
infrastructure technique in the Green 
Infrastructure Best Practices section of this 
report. The installed costs are based on project 
experience, bid tabs, and information from the 
RS Means trends, and the labor and bidding 
environment. 

Table 6: Stormwater planter unit costs1, 2

1 Installed cost include material and labor based on bid tabs from related projects and RS Means.
2 Unit price based on a 2,400 linear foot installation within the right of way in a residential area with 1/8 acre lots. Unit prices for 
specific projects will vary based on scale, complexity, labor environment, and material cost trends. A detailed cost estimate should be 
prepared by the design engineer.

Item Description Unit Price Unit

GI Technique Stormwater planter Design/Engineering 15% of Construction Cost LS

Mobilization $10,000.00 LS

Excavation & Haul $45.00 CY

Leaf Mulch $70.00 CY

Engineered Soil $80.00 CY

Open-Grade Crushed Stone $65.00 CY

Geotextile Fabric $5.00 SY

Erosion Control Blanket $3.00 SY

Required Component Stormwater Planter 
Curb

Curb, stormwater planter (6” barrier 
curb with 24” total height)

$50.00 LF

Splash Pad Cobble Splash Pad $250.00 EA

Required Selection Native Plantings Plugs (12” on center) $5.00 EA

Gallons (36” on center) $15.00 EA

Custom options Trees Varies by species and size $400.00 EA

Shrub Varies by species and size $60.00 EA

Structured Soil CU Structural Soil $120.00 CY

Outlet Control/
Overflow Structure

Outlet Control Drainage Basin 
(varies by size)

$2,800.00 EA

Underdrain 4” HDPE Perforated Pipe $20.00 LF

Storm Sewer 12” HDPE storm sewer $65.00 LF

Underdrain Cleanout $600.00 EA

Connection to existing storm structure $600.00 EA
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Construction Specifications 
2 - Clearing and Grubbing 
5 - Pollution Control 
6 - Seeding, Sprigging and Mulching 
7 - Construction Surveys 
8 - Mobilization and Demobilization 
10 - Water for Construction 
21 - Excavation 
23 - Earthfill 
24 - Drainfill 
25 - Rockfill 
26 - Topsoiling 
32 - Structure Concrete 
34 - Steel Reinforcement 
35 - Concrete Repair 
44 - Corrugated Polyethylene Tubing 
46 - Tile Drains 
94 - Contractor Quality Control 
95 - Geotextile 
707 - Digging, Transporting, Planting, and 
Establishment of Trees, Shrubs and Vines
752 - Stripping, Stockpiling, Site Preparation 
and Spreading Topsoil

Material Specifications 
521 - Aggregates for Drainfill and Filters 
522 - Aggregates for Portland Cement Concrete 
531 - Portland Cement 
534 - Concrete Curing Compound 
535 - Preformed Expansion Joint Filler 
536 - Sealing Compound for Joints in Concrete 
and Concrete Pipe 
539 - Steel Reinforcement (for Concrete) 
548 - Corrugated Polyethylene Tubing 
592 - Geotextile 
804 - Material for Topsoiling Appendix C – 
Engineered Soil

Specifications

Since a stormwater planter is like an enclosed bioswale, the specification sections required closely 
align to that of bioswales. The main difference is that stormwater planters also include concrete 
construction for the surrounding curbs and splash pad. Oftentimes existing concrete sidewalks or 
curbs will need to be repaired as a result of incidental damage during construction. The specification 
sections listed below are the standard sections from the Illinois Urban Manual (see Appendix B) that 
the design engineer should customize when creating construction documents for a stormwater 
planter, along with the engineered soil section (see Appendix C).
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Stormwater Planter



41

Stormwater Planter Curb Detail and Cut
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Stormwater Planter with Overflow Structure
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Stormwater Planter with Tree Plan View
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Stormwater Planter Notes




