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BIO-SWALE AND BIO -ISLAND GUIDELINES  
 

 

1. GENERAL  

Bio-swales and bio-islands are used to convey, treat, or filter stormwater prior to 

discharge from the site.  These facilities can be separated into two types: filtration and 

infiltration.  Generally speaking, filtration systems send stormwater through a filter 

composed of a soil/sand layer and any associated plant life, into an underdrain at the 

bottom of the feature, which serves as a conduit for stormwater to reach a storm system.  

Infiltration systems will also have underdrains to protect the integrity of adjacent paving 

sections, but the underdrain is located within the porous layer, above the bottom of the 

feature. The volume between the underdrain and the bottom is stored for infiltration.  The 

stormwater will percolate through the underlying subgrade in this type of facility.  This 

guidance is intended to assist with the design necessary to develop successful stormwater 

fil tration or infiltration facilities, while averting possible damage to surrounding areas. 

 

2. SITE CHARACTERIZATION  

 
When analyzing site characteristics, the designer should determine if the fall across the 

site, seasonal ground water variation, and in-situ soils are conducive to infiltration and/or 

filtration. 

 

Local requirements must be met when designing any facility, however, need not be 

surpassed as additional expense may result.  If specific pollutants (other than sediment) 

are targeted for removal, an appropriate specialist must aid in the design. 

 

 

3. DESIGN AND LAYOUT  

 

Prior to initial design, the on-site soils should be tested to verify that infiltration is 

possible. If the infiltration rate is low, remediation may be required or infiltration should 

not be considered. 

 

Building roof drain runoff may be considered ñcleanò stormwater, and therefore may not 

require filtering or other stormwater treatment.  In this case, the rooftop runoff should be 

able to discharge directly to a detention area and not require filtration or other ñpreò 

treatment activity.  The local authority should be consulted to determine if this may be 

the case and to see if this clean water can reduce the amount of bio-features needed.  

 

When laying out these filtering/treatment facilities, designers should strive to limit the 

ratio of drainage area to bio-island area to be between ten and twenty. 

 

3.1 Types of Facilities: Types of facilities include, but are not limited to: 

 

a. Filtration- Passing stormwater through plant and soil media to remove solids 

or other pollutants 
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b. Infiltration- A facility designed to transfer surface water into the ground 

and/or groundwater flow. 

 

c. Filtration/Infiltration - A combination of the types stated above 

 

3.2 Sizing 

 

The size of the facility should be appropriate to accommodate the required volume of 

runoff. In some instances, the local permitting authority may require the first portion of a 

rain event or a certain rain event be filtered.  An example of such a requirement could be: 

ñAll stormwater from a 0.5 inch rain event must be filtered prior to being discharged 

from the site.ò  It is recommended that filtration or infiltration basins be conservatively 

designed to hold the design volume requirement, assuming no storage takes place in the 

rock and soil media of the constructed facility.  Meaning, the facility should be sized to 

hold the required volume above the surface of the basin prior to overflowing to an outlet 

or spillway. 

 

3.3 Grading 

 

Grades directing stormwater flow to and through facilities should minimize velocities to 

minimize erosion. Check dams may be placed within a swale to aid in slowing surface 

velocities and promoting infiltration.  (See Detail, Figure 11 in Appendix A).  Basin 

facilities should have a flat bottom to distribute water evenly.  Grades within ñswaleò 

sections may require a gradient to accommodate elevation change throughout the swale.  

This gradient should not exceed 1% in a sandy soil media.  Check dams or let down 

structures may be necessary to maintain 1% maximum longitudinal (with flow) grade.  

These structures can accommodate gradient drops in excess of 1% due to being 

constructed of larger stones and not the highly erodible bio-soil mixes used for 

infiltration.  (Check dams, contours, or berms intended to slow the velocity of water 

moving through the facility cannot be made with a bio-soil mix or other easily erodible 

material.)  Transverse (perpendicular to flow) grades should be 0%.  

 

Check dam dimensions and the check dam material should be conservatively sized and 

the banks above the check damôs weir elevation should be hardened off up to at least the 

10-year rain event water surface elevation.  

 

3.4 Ponding Depths 

 

Ponding depths should be as shallow as economically feasible.  Typical design ponding 

depths are between 6 inches and 12 inches.  Smaller, deeper ponding areas mean more 

water filtered per square foot and thus the expected life of the system before required 

maintenance will be shortened.  Due to future clogging, ponding depths should never be 

designed to exceed 12 inches above the surface for a facility located within a parking 

area.  For facilities located away from parking areas, 12 inch ponding depths can be 

exceeded, but if so, the area shall be fenced. 

 

If the basins will have vegetation in the bottoms of them, consideration must be given to 

the plants selected and their ability to tolerate inundation as well as expected dry periods.  

This is a limitation, both for planting and long-term operation.  Designers should 

understand typical annual hydrology.  For areas that can experience months of drought 
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conditions, plant selection should favor plants adapted to these conditions, unless the bio-

features are irrigated.  If ponding levels remain elevated for extended periods, plant 

survival is greatly reduced.  The bottom of these features should not be seeded if they 

have the potential to be inundated for more than a few hours at a time.  If they are planted 

with plugs, water should not be permitted to pond to a depth over the top of the plants.  

With approval of the local permitting authority, a temporary low level overflow may be 

considered until plants reach maturity.  

 

3.5 Ground Water  

 

The local water table depth must be known and considered when designing these 

facilities, as infiltration of stormwater will temporaril y elevate the water table.  Such 

elevation could saturate adjacent pavement base courses and buried infrastructure, 

causing damage.  The minimum depth of the underdrain system should be specified by 

the geotechnical engineer so as to not compromise the base course, being sure to consider 

seasonal and annual fluctuations in the ground water table elevation.  It is recommended 

to consider ground water elevation data for at least 10 years to accommodate possible 

periods of mild drought in which the ground water elevation may be below normal for 

several years or a reasonably expected high level has not been experienced for several 

years. 

 

Anytime infiltration is considered, the environmental effects of altering the ground water 

should be evaluated. 

 

3.6 Drainage 

 

As with most aspects of stormwater management, considering and designing for proper 

drainage is critical to the long term success of infiltration and filtration installations.  To 

be infiltrated, the water must first reach the facility. In doing so, however, the flow of 

water cannot cause erosion.  It is highly recommended that the flow energy be dissipated 

through the use of multiple smaller inlets and energy dissipaters.  If a single large inlet is 

required, energy dissipation must be adequate to eliminate the possibility of erosion.  

Bio-island inlets should have forebay-like features to drop sediment before runoff reaches 

the bottom of the basin.  These features can be small, rock-lined pools and/or small 

ñgreen wallsò, where dense, stiff plants act as a standing filter.  There should be a small 

drop of at least a few inches, between the invert of the inlet and the forebay feature to 

allow for accumulation of trapped material without backing water back up onto the 

infrastructure draining to the bio-island. 

 

All drainage pipes should promote positive drainage, be sized appropriately for the 

anticipated capacity, and drain completely after the rain event.  The storm sewer drainage 

system cannot depend on infiltration to drain these facilities completely.  Underdrains 

shall be at a depth specified by the geotechnical engineer to protect the paving system 

and drain completely after the rain event ï i.e., all hard piping must daylight and drain 

completely by gravity when detention/retention facilities have reached their ñnormalò 

elevations.   
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3.7 SWPPP Design 

 

Final construction of the infiltration/filtration facility shall be done after the area that 

drains to it is complete and stabilized.  The designed facilities can be used for sediment 

control during construction, however it is ideal if infiltration facilities remain undisturbed 

and stormwater is directed around or away from these areas.    Use of facilities as 

sediment traps will allow sediment to fill pore space in the existing soils, reducing the 

permeability.  Use of equipment to remove sediment from the traps will cause 

compaction of the soils, further reducing permeability. If used as a sediment control 

BMP, maintenance and/or remediation of existing soils will be required.  Testing the 

permeability of soils prior to construction of the facility should be performed to ensure 

adequate infiltration.   

 

3.8 Materials 

 

a. Soils- In-situ soils and ground layers should be tested to ensure acceptance of 

infiltration. If the infiltration rate is low, use of infiltration should not be 

considered.   

 -Biosoil mix within the constructed facility should promote drainage as 

well as plant sustainability.  If the soil media selected is too porous, plants 

may not receive enough water.  Depths of soil media should be adequate for 

plant development and filtration.   

 -The facility should be designed to drain at an initial vertical rate of two 

inches per hour when constructed. 

-The mix of organic material, mulch, sand, stone, etc. must support the 

specified plants during all seasons and anticipated rainfall conditions. 

 

b. Large Rock (over 4 inch min.) - Hardness and reactivity should be considered 

when selecting rock types.  Crushed, washed rock is preferred, as it is more 

angular and provides more open space.  All rock should be clean, to prevent 

premature clogging of the system and large enough to withstand expected 

flows of water contacting them.   

 

c. Small Rock (1/2 inch clean max. as inorganic mulch) ï Cover surface areas 

to provide shade for the soil to minimize evaporation and aid root moisture 

for the plants. 

 

d. Mulch (organic) ï Wood mulch provides benefits in suppressing weed 

growth, holding moisture and nutrients for desired plants, and providing 

habitat for microbes and other organisms that aid in pollutant removal and 

degradation.  However, these facilities are designed to be free-draining filters 

and mulch will eventually degrade and turn into fines that plug pore space 

and reduces the infiltration rate of the system.  Mulch placed in flow areas 

will be carried with the water and eventually collect near the facility outlet 

structure.  Organic mulch can be used, but should be restricted to backflow 

areas or areas with little to no flow.  Composted mulch is preferred as it will 

tend not to float as easily. 

 

e. Sand- Selected sand should be uniformly graded, to optimize void spacing, 

which allows for more permeability. 
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f. Rip-Rap- All rip -rap used within facilities should be clean.  See ñLarge 

Rockò above. 

 

 
4. PLANTINGS  

 

Plants should be native and tolerant of wet and dry conditions.  Selected plants must be 

able to withstand possible inundation for extended periods of time, even though 

overflows and drainage are designed to minimize the time.  Plantings located near 

parking lots should be tolerant of salt that may be used in the winter months to aid in 

snow removal/melting. Other conditions to consider when selecting plants include shade 

or sun requirements, climate and regional suitability, and native and non-native plantings. 

Native plants generally need little or no irrigation once established and therefore may 

reduce maintenance.  Consideration should be given to locating taller, stiffer plant species 

near overflow structures to filter trash and ñhideò the structure.  Likewise, also consider 

locating shorter plant species near the perimeter of the facilities to reduce intimidation of 

pedestrians that might have concerns of snakes and other animals coming from the native 

landscape. 

 

Trees planted within these infiltration areas need special consideration as well. Not only 

do they need to tolerate periods of inundation and drought, like the smaller plants, but 

they need to be coordinated with the smaller plants as to not create a shade environment, 

which could be detrimental to the growth of the smaller plants.  Also, the fast draining 

soil mix used in these facilities has a high sand composition and may not provide enough 

stability to support newly planted trees.  It is best to avoid planting trees in the bio-soil 

mix area.  Trees are best planted within the bio-island areas when they are slightly 

elevated above the bottom of the basin in sub-soils or in soils with some structural 

stability, e.g., structural soils. 

 

An appropriate specialist should be consulted for guidance on plant selections. 

 

5. STRUCTURES AND UTILITIES  

 

Light poles and underground utilities (other than storm sewer) shall not be located within 

the facilities. 

 

 

6. PLANS, DETAILS AND SPECIFICATIONS  

 

The designer should provide sufficient details and narrative in the plans, details and 

specifications to fully describe all aspects of the bio-swales and bio-islands.  These plans, 

details and specifications should incorporate all of the features within this guideline. 

 

 

7. TESTING  

 

Soil should be tested prior to design and construction of facility to determine infiltration 

rate.  Permeability rate of the soil media should also be tested (see example) prior to 
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placement in the facility.  The pH level of the biosoil mix should be between 5.5 and 7 

for plant health. 

 

 

Example Soil Permeability Test 

 

1. Obtain two 55 gallon drums open on one end with perforations or the plugs 

removed on the other end.  Cover holes with fabric. 

2. Set the drums up level, with the bottoms on bricks or stones, holding them at 

least 1 inch above the ground surface. 

3. Place 3 inches of pea gravel in the bottom of the barrels and cover with a piece of 

the filter fabric. 

4. Place the specified biosoil mix on top of the filter fabric, filling the barrel to 

within 6-8 inches from the top. 

5. Add water to the surface of the biosoil mix until a steady stream of water is 

running out of the bottom of barrel 

6. Add water until at least 6 inches of water is in the barrel above the top of the 

biosoil mix and measure the rate of fall for the next 3 inches of fall. 

7. Percolation through this mixture on this test should be at a rate of at least 2 

inches per hour.  If the rate is less than 2 inches per hour, subsequent tests shall 

be performed using courser sand with fewer fines until a rate of greater than 2 

inches per hour is achieved. 

 

 

8. INSPECTIONS 

 

Inspections should be conducted and performed as necessary to ensure proper 

construction and/or maintenance. 

a. Infiltration capability of the entire site shall be evaluated prior to site design 

b. Verify the overflow structures within infiltration/filtration facilities are at the 

correct height for proper ponding levels and below flow line elevations of 

inlets to the facility 

c. Verify perforated drain pipe elevations are above outlet structure flow lines 

and hard piping eventually daylights and drains completely via gravity flow 

d. Infiltration rate of underlying existing soils shall be tested in the area of the 

infiltration facility prior to construction and filling with biosoil mix 

e. The biosoil mix should be tested to demonstrate drainage rate in excess of 2 

inches per hour (see Figure 1, Soil Permeability Test Example above). 

f. pH level of the biosoil mix shall be tested to verify it is between 5.5 ï 7 

g. Basin areas flat to within 1.5 inches, to spread water and infiltration 

throughout the basin. 

 

 

9. MAINTENANCE  

 

9.1 An Annual Maintenance plan shall be included in the design documentation.  Routine 

maintenance items below, should be included with the regular site landscaping 

activities for these facilities: 
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a. Plant maintenance (trimming, removal of dead plants) 

b. Erosion repair 

c. Trash removal 

d. Invasive species control (pulling weeds) 

e. Mulch replacement 

 

9.4 Annual Maintenance operations and inspections include, but are not limited to: 

 

a. Drainpipe inspection and cleanout 

b. Inlet/outlet maintenance 

c. Sediment removal 
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10. APPENDIX A  (Example Details) 

 

 
Figure 1 Bio-Island Plan View 

 
 
 

 
Figure 2 Infiltrating Bio-Island Profile (with Nyloplast Inlet Structure)  
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Figure 3 Bio-Island Profile at Curb Inlet  

 

 
Figure 4 Bio-Island Profile Behind Curb 

 

 
Figure 5 Bio-Island Detail 


