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1.1 Introduction

Green infrastructure is defined by the Clean Water Actasot he range of
use plant or soil systems, permeable pavement orother permeable surfaces or
substrates, stormwater harvest and reuse, or landscaping to store, infiltrate, or
evapotranspirate stormwater and reduce flows to sewer systems or to surface waters.6
Green infrastructure uses different methods to filter stormwater and restore natural
processes to urban environments.Ultimately, green infrastructure is aimed at managing
wet weather and stormwater pollution.

Urban environments reduce the amount of storm water absorbed into the ground. As a
result, more runoff is generated. The stormwater runoff typically contains pollutants
from the urban environment which then runs into the water sy stem. Green
infrastructure aims to restore an urban environment to its filtering capabilities before
urbanization.

Figure 1. Image depicting the amount of storm water infiltration in varying
environments.
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1.2 Benefits of Green Infrastructure
There are many benefits to implementing green infrastructure. Green infrastructure can
be more fiscally responsible. Construction costs canbe saved by utilizing permeable
surfaces. Open greenspaces, which are often a result of green ifrastructure, lead to
increased land values and a greater tax return for the community. Additionally,
retaining trees reduces the need for stormwater retention facilities or other man -made
flood solutions. Green infrastructure also has health and environmental benefits.
Preserving forests and wetlands allows for a natural filtration system of water and air
which red uces the risk of ailments caused by poor water or air quality. The

measur



implementation of green infrastructure reduces erosion and sedimentation drainage.
Green infrastructure also provides habitats for wildlife.
1.3 Types of Green Infrastructure
Green infrastructure can be implemented on a small scale aswell as on a larger scale.
Some of the green infrastructure elements include:
1 Bioretention
Enhanced Swales
Vegetated Filter Strip
Permeable Pavements
Downspout Disconnection
Rainwater Harvesting
Green Roofs
Infiltration Practices
Site Reforestation/Revegetation
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1.4 Green Infrastructure Practice Selection
In general, the following information should be considered when deciding what green
infrastructure practices to use on a development site:

1 Ability to Help Satisfy the Stormwater Mana gement Criteria

1 Overall Feasibility

1 Site Applicability

In addition, site planning and design teams should consider how the following site
characteristics or design factors, will influence the use of green infrastructure practices
on a development site:

91 Drainage Area
Poorly drained soils, such as hydrologic soil group C and D soils
Well drained soils, such as hydrologic soil group A and B soils
Terrain Slope

1
1
1
1 Depth of water table



1.5 How Green Infrastructure Can Address Water Quality

Green Infrastructure Median TSS Probable
Method Removal Efficiency Range of TSS
Removal
Bioretention Cells 85% 80-92%
Bioswales 87% 83-92%
Vegetated Filter Strips 60% 60-80%
Permeable Pavements 64% 60-90%
Downspout Disconnection 80% Varies
Rainwater Harvesting Varies Varies
Green Roofs 80% 80%-8%%
Infiltration Practice 8% 50-100%
Site 80% Varies
Reforestation/Revegetation

1.6 Factors to consider when evaluating the applicability of Green
Infrastructure Practices on a Development site

Green Rural Use | Suburban | Urban Use | Construction | Maintenance
Infrastructure Use Cost

Practice
Bioretention A A A Medium Medium
Areas
Bioswales A A * Medium Medium
Vegetated A A * Low Low
Filter Strip
Permeable * A A Medium High
Pavement
Downspout A A * Low Low
Disconnection
Rainwater A A A Medium Medium
Harvesting
Green Roofs * A A High Medium
Infiltration A A A Medium High
Practices




Site N/A N/A N/A Low Low
Reforestation/

Revegetation
Notes:
A = Suitable for use ornntlekseareasop ment sit

* = Under certain situations, can be used on development sites located in those areas
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2 Bioretention

2.1 Overview

Bioretention areasare shallow, vegetated basins. They collect and absorb runoff from
surrounding areas. Eventually the water retained is ev aporated or transpired off. They
support ground water recharge, pollutant removal, and runoff detention. They are
particularly u seful in areas where open spaces are limited Bioretention areas cost
between $5 and $30 per square foot.

Bioretention areas can be placed in most soils and topography. Select a location that will
prevent vegetation damage and soil compaction. Bioretention areas should be placed
close to the source of runoff. The most important factor when incorporating

bioretention areas into development sites is to consider the scale. There are threenain
tiers of bioretention areas: rain gardens, bioretention basins, and urban bioretention (i.e.
planter boxes). Planter boxes are another bioretention tool which can be used onsmall
scale sites.

Figure 2-1. Diagram depicting the design and function of a rain garden.
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2.2 Rain Gardens

Rain gardens are smaller bioretention areas designed to treat runoff from small areas,
like individual rooftops, driveways, and other features i n residential developments.
They are also useful in parking lots or traffic islands.



Figure 2-2. Image of rain garden in a residential area.

Common locations for rain gardens:
1 Parking lot islands
1 Median strips
9 Traffic islands
1 Residential areas

Pollutant Removal Efficiencies:
1 Total Suspended Solids (TSS) = 8% (with filter strip or equivalent pretreatment)
i Total Nitrogen = 30-50%
1 Total Phosphorus = 30-90%
1 Metals (copper, lead, zinc, cadmium) = 40-90%

Benefits:

Can provide groundwater recharge

Suitable in areas with space constraints
Improves site aesthetics

Can treat multiple pollutants

Provides shade, windbreaks, and absorbs noise
1 Good option for retrofit of existing infrastructure
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Limitations:
1 Requires careful landscaping/maintenance
1 Not suit able for areas with slope greater than 20%
1 Requires pretreatment
1 Not suitable where groundwater table is within 6 feet of ground surface

2.3 Design
Bioretention areas are typically sized to capture between 0.5 and 1.0 inches of runoff.
On residential sites, bioretention areas are used for rooftop and driveway runoff.



Design Criteria:

)l
T
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Maximum contributing drainage area of 5 acres

Treatment area consists of ponding area, organic/mulch layer planting media,
and vegetation

Requires landscaping plan

Standing water has a maximum drain time of 24 hours

Pretreatment recommended to prevent clogging of underdrains or native soil
Ponding depth should be a maximum of 12 inches, preferably 9 inches

Bioretention areas are usually designed in layers (from bottom of excavation to surface):

T

T
1
1

= =

Impermeable liner (optional)

Gravel layer (approximately 12 inches) with option underdrain

Pea stone layer (approximately 4 inches)

Bioretention soil media composed of 80-90% sand, 1620% silt and clay,
maximum 10% clay (between 1848 inches total), 3-5% organic matter
Fine-shredded hardwood mulch (approximately 3 inches)

Ponding depth (varies, usually between 6-9 inches)

Herbaceous perennials and shrubs which can tolerate frequent ponding, saline
conditions, and extended dry periods

Plant Recommendations:

1
1
1

Native plant species preferred

Vegetation should be selected based on a specified zone of hydric tolerance
A selection of trees with an understory of shrubs and herbaceous materials
should be provided

Landscaping Plan Criteria:

T
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Common and botanical names of the plants used
Size of planted materials

Mature size of the plants

Light requirements

Maintenance requirements

Source of planting stock

Any other specifications

Planting sequence



Figure 2-3. Schematic view of bioretention cell.
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2.3.1 Pretreatment

Runoff entering bioretention areas must be pretreated to prevent prematurely clogging
the filter bed. There are several different methods of pretreatment that work. One must
be chosen depending on the scale of the bioretentionarea and whether it receives sheet
flow, shallow concentrated flow, or deeper concentrated flow.

1 Pretreatment Cells (channel flow): Located at piped inlets or curb cuts leading to
the bioretention area. Consists of an energy dissipater sized for the expeced
rates of discharge.The cells may be formed by a wooden or stone check dam or
an earthen or rock berm. The storage volume is equivalent to at least 15% of the
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total treatment volume with a 2:1 length -to-width ratio. They do not need
underlying engineere d soil media.

Gravel or Stone Flow Spreaders(concentrated flow). The gravel flow spreader is
located at curb cuts, downspouts, or other concentrated inflow points, and

should have a 2 to 4 inch elevation drop from a hard-edged surface into a gravel
or stone diaphragm. The gravel should extend the entire width of the opening
and create a level stone weir at the bottom or treatment elevation of the basn.
Grass Filter Strips (sheet flow): Extend from the edge of pavement to the bottom
of the bioretention basin at a 5:1 slope or flatter. Alternatively, provide a
combined 5 feet of grass filter strip at a maximum 5% slope and 3:1 or flatter side
slopes on the bioretention basin.

Gravel or Stone Trenches(sheet flow): A gravel trench located at the edge of the
pavement should be oriented perpendicular to the flow path to pre -treat lateral
runoff, with a 2 to 4 inch drop. The stone must be sized according to the expected
rate of discharge.

Figure 2-4. Schematic depiction of pretreatment option: gravel trench for sheet flow
(Source: VADCR).
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Figure 2-5. Schematic depiction of pretreatment option: grass filter sheet for flow
pretreatment 1 (Source: VADCR).
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Figure 2-6. Schematic depiction of pretreatment option: grass filter for sheet flow
pretreatment 2 (Source: VADCR).
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2.4 Construction

Avoid excessively compacting soils around the bioretention area and accumulating silt
around the drain field. To minimize sediment loading in the treatment are, direct runoff
to the bioretention area from areas that are stabilized. Always divert construction runoff
elsewhere. Place bioretention soil media in 1 to 2 foot lifts and compact with minimal
pressure until the desired elevation is reached. Area soil can be flooded between each
lift placement instead of p acking.

Construction sequence for the installation of a bioretention basin:

1 Stabilize drainage area. Construction cannot begin until the entire contributing
drainage area has been stabilized with vegetation. The proposed site should be
checked for existing utilities prior to excavation.

1 Install soil erosion and sediment control measures. Temporary soil erosion and
sediment controls (e.g., diversion dikes, reinforced silt fences) should be installed
before construction to divert stormwater away from the bior etention area until it
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is completed. Erosion control fabrics may be needed to protect vulnerable side
slopes from erosion during the construction process.

Install pretreatment cells. Any pretreatment cells should be excavated then
sealed to trap sediment.

Promote infiltration rate. If necessary, rip the bottom soils to a depth of 6 to 12
inches to promote greater infiltration.

Order of materials. If using a geotextile fabric, place the fabric on the sides of the
bioretention area with a 6 inch overlap on the sides. If a stone storage layer will
be used, place the appropriate depth of stone on the bottom, install the
perforated underdrain pipe, pack stone to 3 inches above the underdrain pipe,
and add the choking layer or geotextile layer as a filter between the underdrain
and the soil media layer. If no stone storage layer is used, start with 6 inches of
stone on the bottom and proceed with layering.

Layered installation of media. Apply the media in 12 inch lifts until the desired
top elevation of the bioretention area is achieved. Wait a few days to check for
settlement and add additional media to achieve the design elevation.

Prepare filter media for plants. Prepare planting holes for any trees and shrubs,
install the vegetation, and water accordingly. Ins tall any temporary irrigation.
Planting. Install the plant materials as shown in the landscaping plan, and water
them as needed.

Secure surface area.Place the surface cover (i.e., mulch, river stone, or turf) in both
cells, depending on the design. If coir or jute matting will be used in lieu of mulch,
the matting will need to be installed prior to planting, and holes or slits will have
to be cut in the matting to install the plants.

Inflows. If curb cuts or inlets are blocked during bioremediation install ation,
unblock these after the drainage area and side slopes have good vegetative cover.
It is recommended that unblocking curb cuts and inlets take place after two to
three storm events if the drainage area includes newly installed asphalt.
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Table 2-1. Filter Media Criteria

and organic matter.
Higher CEC will
promote pollutant
removal.

Soil Media Description Standard(s)
Criterion
General Soil media must 80% t090% sand (75% of which is course or
Composition have the proper very course);
proportions of 10% to 20% soil fines;
sand, fines, and Maximum of 10% clay;
organic matter to 3% to 5% organic matter
promote plant
growth, drain at the
proper rate, and
filter pollutants.
Sand Silica based coarse Sieve Particle Size | Percent Passing
aggregate Type (mm) (%)
3/8in. 9.50 100
No. 4 4.75 95-100
No. 8 2.36 80-100
No. 16 1.18 45-85
No. 30 0.6 15-60
No. 50 03 3-15
No. 100 0.15 0-4
Effective particle size (D10) > 0.3 mm
Uniformity coefficient (D60/D10) < 4.0
Top Soll Loamy sand or USDA textural triangle
sandy loam
Organic Matter | Well-aged, clean Appendix A
compost
Phosphorus Soil media with P content = 5 to 15 mg/kg (Mehlich I) or 18
Content high P levels will to 40 mg/kg (Mehlich III)
export P through
the media and
potentially to
downstream
conveyances or
receiving waters
Cation The CEC is CEC > 5 milliequivalents per 100 grams
Exchange determined by the
Capacity (CEC) | amount of soil fines
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2.5 Inspection and Maintenance
Bioretention areas should be inspected to ensure the area isfunctioning correctly.
Recommendations for inspections are as follows:

1 Inspect pretreatment devices regularly for sediment build -up, structural damage,

and standing water

= =4 =

Inspect for erosion and re-mulch void areas on a regular basis
Remove and replacedead vegetation in spring and fall
Remove invasive species to prevent from spreading within bioretention area

i Observe under wet weather conditions

Table 2-2. As-built Inspection Form for bioretention areas.

Bioretention Area

Maintenance ltem

Condition

Good

| Marginal | Poor | N/A

Comment

General Inspection

Access to the site is
adequately maintained for
inspection and maintenance.

Area is clean (trash, debris,
grass clippings, etc.
removed)

Inlet Structure

Drainage ways (overland
flow or pipes) to the practice
are free of trash, debris, large
branches, etc.

Area around the inlet
structure is mowed and
grass clippings are removed.

No evidence of gullies, rills,
or excessive erosion around
the inlet structure.

Water is going through the
structure (no evidence of
water going around the
structure).

Diversion structure (high
flow bypass structure or
other) is free of trash, debris,
or sediment.

Pretreatment (Choose One)
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Forebay ¢ area is free of
trash, debris, and sediment.

Weir 0 area is free of trash,

debris, and sediment is less
than 25% of the total depth

of the weir.

Filter Strip or Grass
Channels 0 area is free of
trash, debris, and sediment.
Area has been mowed and
grass clippings are removed.
No evidence of erosion.

Rock Lined Plunge Poolsd
area is free of trash, debris,
and sediment. Rock
thickness in pool is
adequate.

Main Treatment

Main treatment area is free
of trash, debris, and
sediment.

Erosion protection is present
on site (i.e. turf
reinforcement mats).

No evidence of long-term
ponding or standing water
in the ponding area of the
practice (ex. Stains, odors,
mosquito larvae, etc)

Structure seems to be
working properly. No
settling around the structure.

Vegetation within and
around practice is
maintained per landscaping
plan. Grass clippings are
removed.

Mulching depth of 3 -4 inches
is maintained.

Native plants were used in
the practice.




No evidence of use of
fertilizer on plants (fertilizer
crusting on the surface, tips
of leaves turning brown or
yellow, blackened roots, etc.)

Plants seem to be healthy
and in good condition.

Emergency Overflow

Emergency overflow is free
of trash, debris, and
sediment.

No evidence of erosion,
scour, or flooding around
the structure.

Outlet Structure

Outlet structure is free of
trash, debris, and sediment.

No evidence of erosion,
scour, or flooding around
the structure.

Results

Overall condition of
bioretention area

Additional Comments

Bi oretention areas must

to ensure the area is maintained properly. Maintenance of bioretention areas can be

be

ma i

nt ai

ned

integrated into routine landscaping maintenance tasks with the proper education.

Maintenance tasks may vary between bioretention areas, but a general summary of

tasks is found in table 2-3.

on
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Table 2-3. Maint enance Schedulefor bioretention areas.

Activity Schedule
1 Prune and weed to maintain appearance.
1 Dissipate flow when erosion is evident.
1 Remove trash and debris.
1 Remove sediment and debris from inlets and outlets.
1 Remove and replape deaq or damagedplants. . As needed or four times
1 Mow around the ploreteqtlon arga as necessary, ensuring during growing season
grass not placed in the bioretention area.
1 Observe infiltration rates after rain events. Bioretention
areas should not have any standing water within 24 hours
of a storm event.
1 Inspect for evidence of animal activity.
9 Inspect for erosion, rills, or gullies and repair.
1 Inspect filter strip/grass channel for erosion or gullying, if
applicable re-seed or sod as necessary
1 Inspect trees and shrubsto evaluate their health and Semiannually in spring
remove any dead or severely diseased vegetation and fall
1 A mulch depth of at least 3 to 4 inches should be inspected
and obtained. Additional mulch should be added as
necessary.
1 Trim planting materia | As needed or during
1 Inspect for snow accumulation winter months
I Test the planting soils for pH levels. Consult with a
qualified licensed professional to determine and maintain Annually
the proper pH levels.
1 Replace/repair inlets, outlets, scour protection or other
structures as needed.
1 Implement plant maintenance plan to trim and divide
perennials to prevent overcrowding and stress. 2 to 3 years
1 Check soil infiltration rates to ensure the bioretention area
soil is draining the water at a proper rate. Re-aerate or
replace soil and mulch layers as needed to achieve
infiltration rate of at least 0.5 inches per hour.
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Table 2-4. Maintenance checklist for bioretention areas.

Maintenance Checklist for Bioretention Areas

Maintenance Item Complete?

Yes

No

Comment

As needed or four times during growing season

Prune and weed area.

Remove trash and
debris.

Remove sediment and
debris from inlets and
outlets.

Remove and replace
dad or damaged
plants.

Mow around
bioretention area.

Ensure bioretention
area does not have
standing water more
than 24 hours after a
storm event.

Inspect for evidence
of animal activity.

Semiannually in spring and fall

Inspect for erosion,
rills, or gullies and
repair.

Inspect filter strip/
grass channel for
erosion or gullying.
Re-seed and sod as
necessary.

Inspect trees and
shrubs and remove
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any dead or severely
diseased vegetation.

Obtain and inspect a
mulch depth of 3to 4
inches.

As needed or during winter months

Trim planting
material.

Inspect for snow
accumulation.

Annually

Test the planting soils
for pH levels.
Maintain proper pH
levels as advised by a
licensed professional.

2 to 3 years

Replace/repair inlets,
outlets, scour
protection, or other
structures as needed.
Implement plant
maintenance plan to
trip and divide
perennials.

Check solil infiltration
rates to ensure the
bioretention area soill
is draining the water
at a proper rate.
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Virginia DCR Stormwater Design Specification
https://www.swbmp.vwrrc.vt.edu/wp -
content/uploads/BMP _Spec No 9 BIORETENTION.pdf

3 Enhanced Swales

3.1 Overview

Enhanced swales are linear, vegetated ditches.They are bioretention cells that are

shallower, and covered with turf or other surface material. They allow for the collection,
conveyance, filtration, and infiltration of s
velocity which allows for treatment and i nfiltr ation. They are designed to manage a

larger amount of runoff. They typically have an underdrain system which consists of a

perforated pipe within a gravel layer on the bottom of the swale, beneath the filter

media. Typically, b ioswales costs $0.50 pesquare foot.

21


https://megamanual.geosyntec.com/npsmanual/bioretentionareasandraingardens.aspx
https://megamanual.geosyntec.com/npsmanual/bioretentionareasandraingardens.aspx
http://water.rutgers.edu/Rain_Gardens/RGWebsite/Certification%20Program/RGS_RGST_RGInspMaintenance.pdf
http://water.rutgers.edu/Rain_Gardens/RGWebsite/Certification%20Program/RGS_RGST_RGInspMaintenance.pdf
https://tnpermanentstormwater.org/manual/14%20Chapter%205.4.6%20Bioretention.pdf
https://tnpermanentstormwater.org/manual/14%20Chapter%205.4.6%20Bioretention.pdf
https://www.swbmp.vwrrc.vt.edu/wp-content/uploads/BMP_Spec_No_9_BIORETENTION.pdf
https://www.swbmp.vwrrc.vt.edu/wp-content/uploads/BMP_Spec_No_9_BIORETENTION.pdf

Figure 3-1. Diagram depicting the design and function of a bioswale.
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Common Locations:
1 Within a roadway or bicycle path right -of-way
Along the margins of small par king lots
Oriented from the roof (downspout discharge) to the street
Disconnecting small impervious areas

Used to treat the managed turf areas of parks, sports fields, golf courses, or other
turf -intensive land uses

= =4 -4

Pollutant Removal Efficiencies:
1 Total Suspended Solids (TSS) = 8-92%
1 Total Nitrogen = 39-8%%
1 Total Phosphorus = 29-80%
1 Metals (copper, lead, zinc, cadmium) = 30-67%

Benefits:
1 Provides pretreatment when used as part of runoff conveyance system
1 Less expensive that typical curb and gutter
1 Provides partial infiltration of runoff in pervious soils
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1 Reduces thermal effects of impervious surfaces
1 More visually pleasing than typical roadside conveyance systems
1 Provide habitat for wildlife species

Limitations:
1 Minimal runoff volume and pollutant reduction
1 May allow sediment re -suspension
1 Poor design may lead to standing water and mosquito problems

3.2.1 Dry Swales

There are two main types of dry swales: a dry conveyance swale and a dry treatment
swale. A dry conveyance swale is aligned along a contributing impervious surface such
as a roadway or parking lot. The runoff enters the dry conveyance swale as lateral sheet
flow. The total contributing drainage area increases along the length of the swale. The
treatment component of the swale may extend farther for additional storage. A dry
treatment swale is located to accept runoff as concentrated flow or sheet flow from non-
linear drainage areas at one or more locations. A dry treatment swale can be used to
convey stormwater from the contributing drainage area t o a discharge point. The
cumulative drainage area does not necessarily increase along the linear dimension.

Figure 3-2. Image of a typical dry bioswale.

4

Table 3-1. Summary of stormwater functions performed by dry swales.

Stormwater Function Level 1 Design Level 2 Design
Annual Runoff Volume 40% 60%
Reduction
Total Phosphorus Mean 20% 40%
Concentration Reduction
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Total Phosphorus Mass 52% 76%
Load Removal
Total Nitrogen Mean 25% 35%
Concentration Reduction
Total Nitrogen Mass Load 55% 74%
Removal

Table 3-2. Comparison of Level 1 and Level 2 designs of dry swales.

Level 1 Design

Level 2 Design

Sizing:

Surface area (sq. ft.) =Tv (the volume
reduced by an upstream BMP) / Storage
depth

Sizing:

Surface area (sqg. ft.) = {(1.1)(Tvp the
volume reduced by an upstream BMP} /
Storage depth

Effective swale slope ¢ 2%

Effective swale slope ¢ 1%

Media depth:
Minimum = 18 inches
Recommended Maximum = 36 inches

Media depth:
Minimum = 24 inches
Recommended Maximum = 36 inches

Sub-soil testing: not needed if an
underdrain is used, minimum infiltration
rate must be > ¥ inch/hour to remove
the underdrain requirement

Sub-soil testing: one per 200 linear feet of
filter surface, minimum infiltration rate
must be > % inch/hour to remove the
underdrain require ment

Underdrain: Schedule 40 PVC with clean-
outs

Underdrain and Underground Storage
Layer: Schedule 40 PVC with cleanouts
and a minimum 12 -inch stone sump
below the invert; or none if the soil
infiltration requirements are met

Media: must be tested for an acceptable phosphorus index: Rindex between 10 and
30; or between 7 and 23 mg/kg of P in the soil media

Inflow: sheet or concentrated flow with appropriate pre -treatment

Pre-treatment: a pretreatment cell, grass filter strip, gravel diaphragm, gravel flow
spreader or another approved pre-treatment structure

On-line design

Off-line design or multiple treatment cells

Turf cover

Turf cover, with trees and shrubs

Acceptable media mix tested for phosphorus index
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Figure 3-3. Schematic view of adry swale.
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Figure 3-4. General schematic of design plan for a dry swale.
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3.2.2Wet Swales

Wet swales are a cross between a wetland and a swale. Wet swales provide runoff
filtering and treatment. They are typically formed within a channel to

groundwater or retain runoff to create saturated soil or shallow standing water

conditions (typically less than 6 inches deep). This creates an ideal environment for

gravitational settling, biological uptake, and microbial activity. Wet swales are

generally recommended only for flat coastal plain conditions with a high water table.

Figure 3-5. Image of a typical wet swale.

Table 3-3. Summary of stormwater functions performed by wet swales.

intercept shallow

Stormwater Function

Level 1 Design

Level 2 Design

Concentration Reduction

Annual Runoff Volume 0% 0%
Reduction
Total Phosphorus Mean 20% 40%
Concentration Reduction
Total Phosphorus Mass 20% 40%
Load Removal
Total Nitrogen Mean 25% 35%
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