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Bio-Filtration Practices
Biofiltration practices are primarily focused on 
utilizing a site’s blend of plant species, soils, 
and microorganisms to remove particulates 
from stormwater runoff, thereby improving 
water quality. While biofiltration is among the 
benefits provided by a bioretention practice 
(like a rain garden), bioretention practices are 
also designed to absorb stormwater on-site, 
in addition to treating it. Conversely, instead 
of absorbing the stormwater that it captures, 
biofiltration practices focus primarily on treating 
runoff as it moves through the site, in addition 
to reducing its velocity (which reduces erosion 
and sedimentation downstream). Improved 
stormwater infiltration may be the result of a 
biofiltration project, but it serves as a secondary 
benefit to its primary purpose, which is to clean 
and slow the flow of stormwater as it moves 
downstream.   

Unlike bioretention and naturalized detention 
practices, which require a flat site grade, 
biofiltration sites are often applied on a slope, 
or at the crest of a sloping site, to help treat and 
slow stormwater runoff as it drains into a riparian 
body, basin, or storm sewer outfall. “Vegetated 
filter strips” are of the most common examples 
of a bio-filtration practice, which utilize a 
mixture of herbaceous plants to treat, slow, and 
evenly distribute stormwater runoff as it moves 
downstream. To enhance their ability to address 
flow velocity and distribution, vegetated filter 
strips are commonly implemented in tandem 
with level spreaders. An excavated depression 
installed at flat grade directly above or upstream 
from vegetated filter strips, the purpose of level 

spreaders is to convert faster, concentrated 
stormwater flow into a slower, more evenly 
distributed sheet flow. Vegetated swales are 
also an example of a biofiltration practice. Similar 
to bioswales, vegetated swale treat stormwater 
runoff as it moves through a site, assisted by the 
site’s herbaceous plants and microorganisms, as 
it ultimately travels downstream.

While biofiltration is a valuable ecological service 
across all land uses, techniques that more 
exclusively focus on bio-filtration are common 
in rural, low density areas. Since rural areas tend 
to have less development, a greater abundance 
of pervious surfaces, and more flexibility around 
where to locate improvements on site, practices 
that are specifically focused on improving 
infiltration on site are not needed as greatly 
as they are in dense, urban areas with lots of 
impervious surfaces, where routine flooding 
is more directly related to poor drainage. Rural 
areas however can produce a great number 
of stressors on regional water quality, which 
oftentimes derive from agricultural land uses. 
Fertilizers, pesticides, equipment chemicals, and 
exposed soils (related to agriculture) can result 
in the significant loading of nutrients, pollutants, 
and sediment into rural water bodies, which serve 
to harm water quality and habitat throughout an 
entire watershed. In turn, biofiltration techniques 
serve as critical methods for treating runoff in 
rural locations before it enters into water bodies.
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Filter Strip/Level Spreader

Vegetated filter strips are broad vegetated 
areas used to filter and absorb sheet runoff 
from adjacent land areas. Filter strips have 
long been used in agricultural areas to capture 
sediment runoff from agricultural fields, before 
it discharges into drainage-ways, streams, and 
other water bodies. They can also be used in 
urban applications to filter sheet runoff from 
parking lots and other broad impervious areas. 
Particularly in instances, where the rate of runoff 
may be large and long, a level spreader is often 
installed upstream from a filter strip, to reduce 
the velocity of runoff and distribute it over the 
width of the filter strip (ultimately, converting 
concentrated flow into sheet flow). 

Filter strips may be used as a standalone BMP or 
as an upstream pre-treatment to downstream 
BMPs. For instance, a well-vegetated lawn can 
function as a filter strip, to “disconnect” roof 
runoff from the storm sewer system. In many 
cases, newly-graded landscapes may be used as 
locations for filter strips, particularly new lawns 
and freshly-graded areas that are adjacent to 
parking lots. In these cases, care must be taken 
during grading to provide proper conditions for 
sheet flow across the landscape. Proper soil and 
vegetative conditions should also be provided 
to allow new landscapes to thrive, protecting 
against erosion and providing high levels of 
filtration. This includes proper site preparation, 
use of a topsoil with low clay content, an erosion 
blanket, and intensive vegetation establishment 
measures. After installation, care must be taken 
to ensure that the filter strip is adequately 
stabilized prior to receiving runoff. 

Combined level spreader-filter strip systems 
can also be used as a final step in a “treatment 
train,” to avoid concentrated discharges to local 
water bodies and aquatic areas, while providing 
final “polishing” and absorption of runoff. In this 
case, existing undisturbed landscapes can also 
serve as locations for filter strips, where the 
vegetation and soil structure is well established, 
soil health is high, and the topography is free of 
rills or gullies.

When planned in tandem with filter strips, level 
spreaders must be installed in a manner that is 
level with the land contour, so that the runoff 
is uniformly distributed over the width of the 
receiving filter strip. Level spreaders must be 
designed to accommodate a wide range of flows 
from the smallest events to the 100-year storm 
event, without erosion or damage.

Customization Options

While filter strips mostly vary based on plant 
selection, level spreaders come in two basic 
forms: Berm Level Spreaders and Trench Level 
Spreaders.  Although the appearance  of these 
two forms differs greatly, both must be laid 
level along the contour to be successful. Berm 
level spreaders are berms constructed of open 
graded stone, typically placed downstream from 
a flared end section storm sewer discharge. The 
runoff from the storm sewer ponds behind the 
berm and uniformly seeps through the berm for 
most events. For large events, runoff can weir 
flow (or spill) over the top of the level berm. To 
prevent short circuiting and erosion at the ends 
of the level spreader, the level spreader must 
be tied into higher ground at the ends such that 
the ground elevation at the ends of the berm is 
higher than the level top of the berm.
 
Trench level spreaders are similar to infiltration 
trenches, but operate in reverse, with the runoff 
seeping out of the top of the level spreader and 
distributing as gentler sheet flow over the width 
of the filter strip, after the trench’s total volume 
has been filled by runoff. Trench level spreaders 
can be used to intercept surface runoff that is 
coming from an upstream location, or can be 
introduced via a perforated pipe receiving runoff 
from a detention basin. (See the detail 6.02 in this 
section.) As with a berm level spreader, the trench 
level spreader must be able to accommodate a 
broad range of flows.
 
The choice of selecting a berm or trench level 
spreader will depend on site-specific conditions 
such as topography, storm sewer depth, visual 
access, and flow rates. Berm level spreaders 
will typically be able to manage a larger range of 
flow rates than trench types, since large events 
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can flow over the top of the berm. Trench level 
spreaders will be more appropriate downstream 
of detention storage where discharge rates 
are moderated. Trench level spreaders are also 
much less visible in the landscape, being mostly 
below grade. In many cases, vegetation will tend 
to migrate into trench level spreaders, making 
them less visible over time. Soil should not 
be introduced into the level spreader to avoid 
loss of hydraulic capacity, however, a modest 
amount of plant growth within the trench will not 
significantly affect performance.
 
Maintenance

Inspection and maintenance activities will be 
most intensive during the site’s first three 
years, and typically may be reduced once initial 
design and construction issues are addressed, 
and landscapes are established. Inspections 
should identify whether significant erosion 
and sedimentation has transpired, along with 
assessing vegetative health. The ends of the level 
spreaders, particularly trench level spreaders, 
should be marked with permanent stand-posts 
(or other markers), since they can be difficult to 
locate as vegetation grows within and around the 
level spreader. Inspections on level spreaders, 
particularly in Year 1 should identify areas where 
the stone has shifted or obvious low points where 
most of the runoff is discharging. Filter strip 
inspections should identify whether rill or gully 
erosion has transpired. The vegetation should 
also be inspected to identify bare areas that could 

be subject to erosion or areas of weed growth. In 
Year 1, the level spreader and filter strip should 
be inspected monthly and after significant 
rainfall events, which can cause erosion. After 
Year 1 (and any corrective measures), annual 
inspection is adequate.

Maintenance will be most intensive during the 
site’s first three years during the filter strip’s 
vegetation’s establishment period. For filter 
strips located on newly graded and/or vegetated 
areas, intensive landscape maintenance should 
occur in the first three years to ensure proper 
establishment of the landscape. After the first 
three years, annual vegetative maintenance 
should occur. Annual prescribed burning is the 
preferred long term vegetative maintenance 
strategy for native prairie-type landscapes. 
However, mowing may be an alternative for 
areas where a prescribed burn is not feasible. 
Level spreaders should be kept free of woody 
vegetation that could displace stone or affect 
hydraulic performance. However, fine rooted 
herbaceous vegetation should not affect 
performance and need not be removed.
 
Cost Information

Cost information is provided for each green 
infrastructure practice in Section 5 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 8: Bio-filtration practices unit costs1 

1 Installed cost include material and labor based on bid tabs from related projects and RS Means.

Item Description Unit Price Unit

GI Technique Vegetated filter strip Design/Engineering 15% of Construction Cost LS

Mobilization $10,000.00 LS

Excavation & Haul $45.00 CY

Grading $12.00 SY

Erosion Control Blanket $3.00 SY

Required Component Vegetation Establishment Seeding & Sod $0.50 SF

Plugs (12” on center) $5.00 EA

Gallons (36” on center) $15.00 EA

Custom Options Berm Level Spreader $200.00 LF

Trench Level Spreader $100.00 LF

Invasive Species Removal Herbacide Application $1,000.00 ACRE
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Specifications

Specifications are an important component in the design of green infrastructure. Along with the 
construction documents, the design engineer should modify the following Illinois Urban Manual 
specifications for the specific conditions present at the site. Other sections can be included on an 
as-needed basis.

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 
25 - Rockfill 
26 - Topsoiling 
44 - Corrugated Polyethylene Tubing
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A COLLABORATION OF:

BERM LEVEL SPREADER
© 2021 ENVIRONMENTAL CONSULTING &

TECHNOLOGY, INC.

GI 5.01
SCALE: NTS
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Berm Level Spreader



61

A COLLABORATION OF:

TRENCH LEVEL SPREADER
© 2021 ENVIRONMENTAL CONSULTING &

TECHNOLOGY, INC.

GI 5.02
SCALE: NTS

Trench Level Spreader
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© 2021 ENVIRONMENTAL CONSULTING &
TECHNOLOGY, INC.

A COLLABORATION OF:

VEGETATED FILTER STRIPGI 5.03
SCALE: NTS

Vegetated Filter Strip
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© 2021 ENVIRONMENTAL CONSULTING &
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A COLLABORATION OF:

FILTER STRIP PLANTINGGI 5.04
SCALE: NTS

Filter Strip Planting
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A COLLABORATION OF:

FILTER STRIP / LEVEL SPREADER
NOTES

GI 5.05
SCALE: NTS
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Filter Strip/Level Spreader Notes
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Vegetated Swale

Swales are constructed open channel 
drainageways. Swales are used as an alternative 
to, or an element of, conventional storm sewer 
drainage systems. Swales vegetated with 
grass or other suitable vegetation provide 
natural conveyance and at the same time filter 
pollutants and allow for modest infiltration. 
Naturalized vegetation is comprised of native 
herbaceous plants from habitats that have 
growing conditions similar to those of the 
swale, and can provide greater benefits than 
standard turf grass. Herbaceous plants consist 
of flowering perennials, grasses, and grass-like 
plants that have soft vascular structures which 
die back each winter, as opposed to woody plants 
that have persistent above-ground trunks and 
branches. Where possible, natural drainageways 
on the development site should be maintained 
and used as part of the swale drainage system. 
This requires that locations of structures and 
lots be based on site topography and natural 
features. Where man-made swales are installed, 
the guidelines in this section should be used 
to aid in their design, maximize their pollutant 
removal, and minimize the potential for erosion 
problems.

Vegetated swales are typically used as an 
alternative to storm sewers and can be used for 
drainage along roadways, between homes, and 
other local runoff management applications. 
Vegetated swales can also be used for more 
regional applications to manage runoff from 
whole neighborhoods and larger geographies.

Properly designed vegetated swales provide 
water quality and runoff volume reduction 
benefits, as well as conveyance, but do not 
significantly reduce discharge rates. Thus, 
vegetated swales are often part of a system of 
green infrastructure that also includes detention 
(at a minimum) to provide rate control. 

Customization Options

There are many customization options for 
vegetated swales, including selection of 
vegetation, use of check dams, and integration 
with bioretention. Vegetated swales can be 
planted with traditional turf grass or can be 
naturalized to enhance infiltration and filtration. 
Naturalized vegetation may also be better suited 
to swales that receive significant runoff and/or 
are located on low gradient slopes.
 
The water quality and runoff volume reduction 
performance of vegetated swales can be further 
enhanced by inclusion of shallow check dams 
to retain and filter runoff. Check dams can take 
many forms, including low soil berms, permeable 
rock berms, and porous soil berms. Low soil 
berms retain runoff behind them, infiltrating 
the runoff ponded upstream. Permeable rock 
berms generally pass low flows, but slow runoff 
from larger events, reducing the potential for 
scour and modestly reducing flow rates. Porous 
soil berms allow slow drainage through them, 
providing time for infiltration and also providing 
physical filtration as runoff slowly passes through 
the berm. Vegetated porous soil berms put 
filtered runoff into contact with the root systems, 
enhancing uptake of nutrients. Through spacing 
and armoring, soil check dams must be protected 
from scour, as runoff cascades over the crest of 
the dam.
 
Vegetated swales can also be designed as 
bioretention, featuring bioretention soil and 
gravel storage to further improve infiltration and 
filtration. Many local jurisdictions will not provide 
credit toward runoff reduction requirements for 
swales unless they include check dams or are 
designed as hybrid swale/bioretention systems.
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Maintenance

Inspection and maintenance activities for 
vegetated swales should focus on vegetative 
management, erosion repair, and sediment and 
debris removal. Inspection and maintenance 
activities will be most intensive during the first 
one to three years and typically may be reduced 
once initial design and construction issues are 
addressed and vegetation is established.

Vegetated swales should be inspected to identify 
significant erosion and sedimentation as well as 
to assess vegetative health. The swale and soil 
check dams should be inspected to identify scour 
in need of repair, with particular focus on culvert 
crossings and stormwater inlets. Extended 
periods of low flow can lead to formation of pilot 
channels that may need repair or stabilization. 
The vegetation should be inspected to identify 
bare areas that could be subject to erosion or 
significant weeds. During the first year, the swale 
should be inspected monthly and after significant 
rainfall events that could cause erosion. After the 
first year and after issues have been resolved, 

annual inspection should be adequate.
Maintenance will be most intensive during the 
first year when scour protection at culverts and 
storm inflows may need adjustment. For swales 
vegetated with native vegetation, intensive 
vegetative maintenance should occur during 
the first three to five years to ensure proper 
establishment of the landscape and control of 
weeds. At the end of the establishment period 
and in perpetuity after that, annual vegetative 
maintenance should occur. Annual prescribed 
burning is the preferred long term vegetative 
maintenance strategy for native landscapes. 
However, mowing may be an alternative for areas 
where prescribed burning is not feasible. 

Cost Information

Cost information is provided for each green 
infrastructure technique in Section 5 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 9: Vegetated swale practices unit costs

Item Description Unit Price Unit

GI Technique Vegetated swale Design/Engineering 15% of Construction Cost LS

Mobilization $10,000.00 LS

Excavation & Haul $45.00 CY

Grading $12.00 SY

Erosion Control Blanket $3.00 SY

Required Component Vegetation Establishment Seeding & Sod $0.50 SF

Plugs (12” on center) $5.00 EA

Gallons (36” on center) $15.00 EA

Custom Options Berm Check Dam $600.00 EA

Driveway Culvert 12” RCP w/ end sections $2,500.00 EA



67

Specifications

Specifications are an important component in the design of green infrastructure. Along with the 
construction documents, the design engineer should modify the following Illinois Urban Manual 
specifications for the specific conditions present at the site. Other sections can be included on an 
as-needed basis. 

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
25 - Rock Riprap 
26 - Topsoiling
27 - Diversions and Waterways
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Vegetated Swale
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Swale Check Dam
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A COLLABORATION OF:

VEGETATED SWALE PLANTINGGI 7.03
SCALE: NTS

Vegetated Swale Planting
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Vegetated Swale and Check Dam Notes




