AIN GARDENS are versatile features
that can be installed in almost any
unpaved space. Also, known as
bioretention or biofiltration cells,

they are shallow, vegetated basins that collect
and absorb runoff from rooftops, sidewalks, and
streets. This practice mimics natural hydrology by
infiltrating and “evapotranspiring” —

stormwater runoff.

The rain garden area usually consists of a grass filter, sand bed, ponding area, organic/mulch layer, planting
soil, and vegetation. A rain garden can be installed in almost any unpaved space and can usually be found
within “landscaping islands.” A rain garden is well suited for highly impervious areas and has good retrofit

capabilities - not recommended for steep slopes.

BIO-RETENTION SWALE

BIO-RETENTION SOIL

GRAVEL BASE
PERFORATED PIPE

Photos: Rain Gardens — Image Results (Public Images)

Additional Resources

Please see the links below for more information
regarding the following:

Rain Garden Minimum Construction Standards @J
Recommended Plant lhst@

Fact Sheet:
A&M Agrilife Extension: Bioretention Areas ”UJ

Maintenance:

ES w EI I eclinlcal IEI anual l_wloretentlon .

—|Inspection |land

Maintenance Requirements
The design shall include detailed information on long-term

activities, and in some cases the owner of the device shall enter into a
maintenance agreement with the City.



Recommended Plant List

Botanical Name

| Common Name

| Height/Width |S/SH |[W/D

Perennials

Achillea millefolium Yarrow 1'/1' S D
Acorus calamus Sweet Flag 4'/2' S W
Alstromeria pulchella Peruvian 32’ S/PSH W/D
Aquilegia hinckleyana Texas Columbine 12"/12" S W/D
Asclepias tuberosa Butterfly Weed 3'/6" S D
Aspidistra elatior Cast Iron Plant 24"/24" SH W/D
Baptista australis Blue False Indigo 3'to 6'/24" S W
Calyptocarpus vialis Horseherb 4"/18" SH W/D
Canna generalis Canna 2'to 6'/2'to 6’ S W
Coreopsis verticillata Moonbean Coreopsis | 1/1’ S/PSH W/D
'Moonbeam’

Dichondra argentea Silver Falls 2"/4" S/PSH D
‘Silver Falls’

Echinacea purpurea Purple Cone Flower 2'/2 S W/D
Eupatorium coelestinum Blue Mistflower 8"/16" S W/D
Eupatorium purpureum Joe-Pye Weed 4-4'/2’ S/SH W
Heliopsis helianthoides Ox-eyed Sunflower 3-5"/30" S W
Hibiscus moscheutos Rose Mallow 3-4' S W/D
Hymenocallis liriosme Spider Lily 2'/1' S W/D
Ipomopsis rubra Standing Cypress 2'to 6'/6"to 12" | S W
Iris Breaded spp and Iris 12"/6" S D
hybrids

Iris brevicaulis Louisiana | Louisiana Iris Up to 40"/6” S/PSH w
spp and Hybrids

Kosteletzkya virginica Marsh Mallow 6'/6’ S W
Liatris spicata Gayfeather 2'/18" S W
Lobelia cardinalis Cardinal Flower 2'to 4'/2' S/PSH | W
Lythrum salicaria Loosestrife 373’ S W/D
Monarda didyma Bee Balm 2'/2 S W/D
Rudbeckia hirta Black-eyed Susan 1-2'/1’ S W/D
Ruellia brittoniana Ruella Katie 6"/12" S W/D
‘Katie's’

Setcreasea pallida PurpleHeart 12"/24" S/PSH W/D
Sisyrinchium Blue-eyed grass 6" to 12"/12" S W/D
angustifolium

Solidago altissima Goldenrod 2'to 4'/3-5’ S W/D
Stachys byzantina Lamb’s Ear 6"/12" S D
Tradescantia occidentalis | Spiderwort 2'/1 SH/PSH | W/D
Vernonia fasciculata Ironweed 4-6 S W
Zephyranthes Rain Lily 6"-10" S W
Ornamental Grasses

Carex spp Sedge Varies Varies | W/D
Chasmanthium latifolium | Inland Seaoats 2t0 4 SH w
Muhlenbergia reverchoni | Seep Muhly 2-4' S W






Recommended Plant List

Panicum virgatum | Switch Grass | 3-4' IB | W/D

Shrubs

Callicarpa americana American Beauty 4'to 6'/5'to 8’ S/SH W/D
Berry

Ilex decidua Possumhaw Holly 20/15’ S/SH W/D

Ilex vomitoria Yaupon 20720’ S/SH W/D

Myrica cerifera Southern Wax Myrtle | 157/10’ S/SH W/D

Sabal minor Dwarf Palmetto 4'/5’ SH W/D

Spirea x bumalda Anthony Water Spirea | 2-3/3’ S D

'‘Anthony Waterer’

Trees

Acer rubrun var. Southern Swamp 70°/30’ S W/D

drummondi Maple

Sophora affinis Eve's Necklace 30/20° S W/D

Taxodium distichum Bald Cypress 70°/30’ S W/D

S—-Sun SH-Shade PSH - Part Shade W —Wet D - Dry
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Site Development Controls

2.0 Bioretention

Structural Stormwater Control

Description: Shallow stormwater basin or landscaped
area that utilizes engineered soils and vegetation to
capture and treat runoff.

KEY CONSIDERATIONS

DESIGN CRITERIA:

Maximum contributing drainage area of 5 acres (< 2
acres recommended)

Often located in “landscaping islands”

Treatment area consists of grass filter, sand bed,
ponding area, organic/mulch layer, planting soil, and
vegetation

Typically requires 5 feet of head

ADVANTAGES / BENEFITS:

Applicable to small drainage areas

Good for highly impervious areas, flexible siting
Good retrofit capability

Relatively low maintenance requirements

Can be planned as an aesthetic feature

DISADVANTAGES / LIMITATIONS:

Requires extensive landscaping if in public area

Not recommended for areas with steep slopes
MAINTENANCE REQUIREMENTS:

Inspect and repair/replace treatment area components

STORMWATER
MANAGEMENT SUITABILITY

El Water Quality Protection
IE' Streambank Protection
IEI On-Site Flood Control

|:| Downstream Flood Control

Accepts Hotspot Runoff: Yes
(requires impermeable liner)

S - in certain situations

POLLUTANT REMOVAL

80%

Total Suspended Solids

60/50%

Nutrients - Total Phosphorus / Total Nitrogen removal

|I| Metals - Cadmium, Copper, Lead, and Zinc removal
Pathogens - Coliform, Streptococci, E. Coli removal

IMPLEMENTATION CONSIDERATIONS

@ Land Requirement

E Capital Cost
Maintenance Burden

Residential Subdivision Use: Yes
High Density/Ultra-Urban: Yes

Drainage Area: 5 acres max. (< 2
acres recommended)

Soils:  Planting soils must meet
specified criteria; No restrictions on
surrounding soils

Other Considerations: Use of
native plants is recommended

L=Low M=Moderate H=High

Bioretention
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2.1 General Description

Bioretention areas (also referred to as bioretention filters or rain gardens) are structural stormwater
controls that capture and temporarily store the water quality protection volume (WQv) using soils and
vegetation in shallow basins or landscaped areas to remove pollutants from stormwater runoff.

Bioretention areas are engineered facilities in which runoff is conveyed as sheet flow to the “treatment
area” which consists of a grass buffer strip, ponding area, organic or mulch layer, planting soil, and
vegetation. An optional sand bed can also be included in the design to provide aeration and drainage of
the planting soil. The filtered runoff is typically collected and returned to the conveyance system, though
it can also infiltrate into the surrounding soil in areas with porous sails.

There are numerous design applications, both on- and off-line, for bioretention areas. These include use
on single-family residential lots (rain gardens), as off-line facilities adjacent to parking lots, along highway
and road drainage swales, within larger landscaped pervious areas, and as landscaped islands in
impervious or high-density environments. Figures 2.1 and 2.2 illustrate a number of examples of
bioretention facilities in both photographs and drawings.

lanted Bioretention Area After Storm

Newly Contrued Bioretentin ea Newly

Figure 2.1 Bioretention Area Examples
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Figure 2.2 Bioretention Area Applications
(Source: Claytor and Schueler, 1996)
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2.2 Stormwater Management Suitability

Bioretention areas are designed primarily for stormwater quality, i.e. the removal of stormwater pollutants.
Bioretention can provide limited runoff quantity control, particularly for smaller storm events. These facilities
may sometimes be used to partially or completely meet streambank protection requirements on smaller sites.
However, bioretention areas will typically need to be used in conjunction with another structural control to
provide streambank protection as well as flood control. It is important to ensure that a bioretention area
safely bypasses higher flows.

Water Quality Protection

Bioretention is an excellent stormwater treatment practice due to the variety of pollutant removal
mechanisms. Each of the components of the bioretention area is designed to perform a specific function
(see Figure 2.3 of this section). The grass filter strip (or grass channel) reduces incoming runoff velocity
and filters particulates from the runoff. The ponding area provides for temporary storage of stormwater
runoff prior to its evaporation, infiltration, or uptake and provides additional settling capacity. The organic
or mulch layer provides filtration as well as an environment conducive to the growth of microorganisms
that degrade hydrocarbons and organic material. The planting soil in the bioretention facility acts as a
filtration system, and clay in the soil provides adsorption sites for hydrocarbons, heavy metals, nutrients,
and other pollutants. Both woody and herbaceous plants in the ponding area provide vegetative uptake
of runoff and pollutants and also serve to stabilize the surrounding soils. Finally, an optional sand bed
provides for positive drainage and aerobic conditions in the planting soil and provides a final polishing
treatment media.

Section 2.3 gives data on pollutant removal efficiencies that can be used for planning and design
purposes.

Streambank Protection

For smaller sites, a bioretention area may be designed to capture the entire streambank protection
volume SPy in either an off- or on-line configuration. Given that a bioretention facility is typically designed
to completely drain over 48 hours, the requirement of extended detention of the 1-year, 24-hour storm
runoff volume will be met. For larger sites where only the WQy is diverted to the bioretention facility,
another structural control must be used to provide SPv extended detention.

Flood Control

Bioretention areas must provide flow diversion and/or be designed to safely pass extreme storm flows
and protect the ponding area, mulch layer, and vegetation.

Credit for the volume of runoff removed and treated in the bioretention area may be taken in flood control
calculations (see Section 1.0).

2.3 Pollutant Removal Capabilities

Bioretention areas are presumed to be able to remove 80% of the total suspended solids load in typical
urban post-development runoff when sized, designed, constructed, and maintained in accordance with
the recommended specifications. Undersized or poorly designed bioretention areas can reduce TSS
removal performance.

The following design pollutant removal rates are conservative average pollutant reduction percentages for
design purposes derived from sampling data, modeling, and professional judgment. In a situation where a
removal rate is not deemed sufficient, additional controls may be put in place at the given site in a series or
“treatment train” approach.

e Total Suspended Solids — 80%
e Total Phosphorus — 60%
e Total Nitrogen — 50%
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e Fecal Coliform — insufficient data
e Heavy Metals — 80%

For additional information and data on pollutant removal capabilities for bioretention areas, see the
National Pollutant Removal Performance Database (2nd Edition) available at www.cwp.org and the
National Stormwater Best Management Practices (BMP) Database at www.bmpdatabase.org

2.4 Application and Site Feasibility Criteria

Bioretention areas are suitable for many types of development, from single-family residential to high-
density commercial projects. Bioretention is also well suited for small lots, including those of one acre or
less. Because of its ability to be incorporated in landscaped areas, the use of bioretention is extremely
flexible. Bioretention areas are an ideal structural stormwater control for use as roadway median strips
and parking lot islands and are also good candidates for the treatment of runoff from pervious areas, such
as a golf course. Bioretention can also be used to retrofit existing development with stormwater quality
treatment capacity.

The following criteria should be evaluated to ensure the suitability of a bioretention area for meeting
stormwater management objectives on a site or development.

General Feasibility

e Suitable for Residential Subdivision Usage — YES

e Suitable for High Density/Ultra Urban Areas — YES

¢ Regional Stormwater Control — NO

e Hot Spot - YES

Physical Feasibility - Physical Constraints at Project Site

e Drainage Area — 5 acres maximum; 0.5 to 2 acres are preferred.

e Space Required — Approximately 5-7% of the tributary impervious area is normally required.
e Site Slope — No more than 6% slope

e Minimum Head - Elevation difference needed at a site from the inflow to the outflow: 3-5 feet

e Minimum Depth to Water Table — A separation distance of 2 feet recommended between the bottom
of the bioretention facility and the elevation of the seasonally high water table.

e Soils — No restrictions; engineered media required
Other Constraints / Considerations

o Agquifer Protection — Do not allow infiltration of filtered hotspot runoff into groundwater

2.5 Planning and Design Criteria

The following criteria are to be considered minimum standards for the design of a bioretention facility.
Consult with the local review authority to determine if there are any variations to these criteria or
additional standards that must be followed.

A Location and Siting

e Bioretention areas should have a maximum contributing drainage area of 5 acres or less; 0.5 to 2
acres are preferred. Multiple bioretention areas can be used for larger areas.

e Bioretention areas can either be used to capture sheet flow from a drainage area or function as
an off-line device. On-line designs should be limited to a maximum drainage area of 0.5 acres
unless special precautions are taken to protect from erosion during high flows.
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e When used in an off-line configuration, the water quality protection volume (WQ,) is diverted to
the bioretention area through the use of a flow splitter. Stormwater flows greater than the WQy
are diverted to other controls or downstream (see Section 1.4.2 for more discussion of off-line
systems and design guidance for diversion structures and flow splitters).

e Bioretention systems are designed for intermittent flow and must be allowed to drain and re-
aerate between rainfall events. They should not be used on sites with a continuous flow from
groundwater, sump pumps, or other sources.

o Bioretention area locations should be integrated into the site planning process, and aesthetic
considerations should be taken into account in their siting and design. Elevations must be
carefully worked out to ensure that the desired runoff flow enters the facility with no more than the
maximum design depth.

B General Design
A well-designed bioretention area consists of:

e Grass filter strip (or grass channel) between the contributing drainage area and the ponding area,
except where site conditions preclude its use,

¢ Ponding area containing vegetation with a planting soil bed,
e Organic/mulch layer,

e Pea gravel layer between the planting soil and the gravel underneath to provide filtering of the
particles prior to entering gravel layer,

e Gravel and perforated pipe underdrain system to collect runoff that has filtered through the soil
layers (bioretention areas can optionally be designed to infiltrate into the soil — see description of
infiltration trenches for infiltration criteria).

A bioretention area design will also include some of the following:

e Optional sand filter layer to spread flow, filter runoff, and aid in aeration and drainage of
the planting soil.

e Stone diaphragm at the beginning of the grass filter strip to reduce runoff velocities and spread flow
into the grass filter.

¢ Inflow diversion or an overflow structure consisting of one of five main methods:
1) Use a flow diversion structure
2) For curbed pavements use an inlet deflector (see Figure 2.6).

3) Use a slotted curb and design the parking lot grades to divert the WQy into the facility. Bypass
additional runoff to a downstream catch basin inlet. Requires temporary ponding in the parking
lot (see Figure 2.5).

4) Figure 2.2 illustrates the use of a short deflector weir (maximum height 6 inches) designed to
divert the maximum water quality peak flow into the bioretention area.

5) An in-system overflow consisting of an overflow catch basin inlet and/or a pea gravel curtain drain
overflow.

See Figure 2.3 for an overview of the various components of a bioretention area. Figure 2.4 provides a
plan view and profile schematic of an on-line bioretention area. An example of an off-line facility is shown
in Figure 2.5.

C Physical Specifications / Geometry

¢ Recommended minimum dimensions of a bioretention area are 10 feet wide by 40 feet long. All
designs except small residential applications should maintain a length to width ratio of at least
2:1.
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e The planting soil filter bed is sized using a Darcy’s Law equation with a filter bed drain time of less
than 48 hours (less than 6 hours residential neighborhoods and 24 hours non-residential
preferred) and a coefficient of permeability (k) of greater than 0.5 ft/day.

e The maximum recommended ponding depth of the bioretention areas is 6 inches with a drain
time normally of 3 to 4 hours in residential settings.

e The planting soil bed must be at least 2.5 feet in depth and up to 4 feet if large trees are to be
planted. Planting soils should be sandy loam, loamy sand, or loam texture (should contain a
minimum of 35 to 60% sand, by volume). The clay content for these soils should by less than
25% by volume. Soils should fall within the SM, ML, SC classifications of the Unified Soll
Classification System (USCS). A permeability of at least 1.0 feet per day (0.5"/hr) is required (a
conservative value of 0.5 feet per day should be used for design). The soil should be free of
stones, stumps, roots, or other woody material over 1" in diameter. Brush or seeds from noxious
weeds, such as Johnson Grass, Mugwort, Nutsedge, and Canadian Thistle should not be present
in the soils. Placement of the planting soil should be in lifts of 12 to 18", loosely compacted
(tamped lightly with a dozer or backhoe bucket). The specific characteristics are presented in the

table below.
Planting Soil Characteristics
Parameter Value
pH range 5.2t07.00
Organic matter 1.510 4.0%
Magnesium 35 Ibs. per acre, minimum (0.0072 lbs/Sq yd)
Phosphorus (P20s) 75 Ibs. per acre, minimum (0.0154 Ibs/Sq yd)
Potassium (K20) 85Ibs. per acre, minimum (0.0175 Ibs/Sq yd)
Soluble salts 500 ppm
Clay 10 to 25%
Silt 30 to 55%
Sand 35 to 60%

(Adapted from EQR, 1996; ETAB, 1993)

e For on-line configurations, a grass filter strip with a pea gravel diaphragm is typically utilized (see
Figure 2.3) as the pretreatment measure. The required length of the filter strip depends on the
drainage area, imperviousness, and the filter strip slope. Design guidance on filter strips for
pretreatment can be found in Section 13.0 (Filter Strip).

e For off-line applications, a grass channel with a pea gravel diaphragm flow spreader is used for
pretreatment. The length of the grass channel depends on the drainage area, land use, and
channel slope. The minimum grassed channel length should be 20 feet. Design guidance on
grass channels for pretreatment can be found in Section 4.0 (Grass Channel).

e The mulch layer should consist of 2 to 4 inches of commercially available standard landscape
style, single or double, shredded hardwood mulch or chips. The mulch layer should be well aged
(stockpiled or stored for at least 12 months), uniform in color, and free of other materials, such as
weed seeds, soil, roots, etc.

e The sand bed (optional) should be 12 to 18 inches thick. Sand should be clean and have less
than 15% silt or clay content.

e Pea gravel for the 4” to 9” thick layer above the gravel bedding (and diaphragm and curtain,
where used), should be ASTM D 448 size No. 6 ('/s” to '4”).
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e The underdrain collection system is equipped with a 6-inch perforated PVC pipe (AASHTO M
252) in an 8-inch gravel layer. The pipe should have 3/8-inch perforations, spaced at 6-inch
centers, with a minimum of 4 holes per row. The pipe is spaced at a maximum of 10 feet on
center and a minimum grade of 0.5% must be maintained.

e A narrow 24” wide permeable filter fabric is placed between the gravel layer and the pea gravel
layer directly above the perforated pipes to limit piping of soil directly into the pipe. Filter fabric is
also placed along the vertical or sloping outer walls of the bioretention system to limit vertical
infiltration prior to filtration through the soil. The filter fabric should be non-woven with a minimum
permittivity rate of 75 to 125 gal/min/ft2. Additional geotextile properties are provided in the table

below.

Filter Fabric Properties

Geotextile Property Value Test Method
Trapezoidal Tear (lbs) 40 (min) ASTM D4533
Permeability (cm/sec) 0.2 (min) ASTM D4491
AQCS (sieve size) #60 - #70 (min) ASTM D4751
Ultraviolet resistance 70% or greater ASTM D4355

D Pretreatment / Inlets

e Adequate pretreatment and inlet protection for bioretention systems is provided when all of the
following are provided: (a) grass filter strip below a level spreader, or grass channel, (b) pea
gravel diaphragm and (c) an organic or mulch layer.

E Outlet Structures

e Outlet pipe is to be provided from the underdrain system to the facility discharge. Due to the slow
rate of filtration, outlet protection is generally unnecessary.

F Emergency Spillway

e An overflow structure and nonerosive overflow channel must be provided to safely pass flows
from the bioretention area that exceeds the storage capacity to a stabilized downstream area or
watercourse. If the system is located off-line, the overflow should be set above the shallow
ponding limit.

e The high flow overflow system within the structure consists of a yard drain catch basin (Figure
2.3), though any number of conventional systems could be used. The throat of the catch basin
inlet is normally placed 6 inches above the mulch layer. It should be designed as a domed grate
or a covered weir structure to avoid clogging with floatation mulch and debris, and should be
located at a distance from inlets to avoid short circuiting of flow. It may also be placed into the
side slope of the structure maintaining a neat contoured appearance.

G Maintenance Access

e Adequate access must be provided for all bioretention facilities for inspection, maintenance, and
landscaping upkeep. Appropriate equipment and vehicles are essential.

H Safety Features

e Bioretention areas generally do not require any special safety features. Fencing of bioretention facilities is
not generally desirable.

| Landscaping

e Landscaping is critical to the performance and function of bioretention areas.
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A dense and vigorous vegetative cover should be established over the contributing pervious
drainage areas before runoff can be accepted into the facility. Side slopes should be sodded to
limit erosion of fine particles onto the bioretention surface.

The bioretention area should be vegetated to resemble a terrestrial forest ecosystem, with a
mature tree canopy, subcanopy of understory trees, scrub layer, and herbaceous ground cover.
Three species each of both trees and scrubs are recommended to be planted.

The tree-to-shrub ratio should be 2:1 to 3:1. On average, the trees should be spaced 8 feet
apart. Plants should be placed at regular intervals to replicate a natural forest. Woody vegetation
should not be specified at inflow locations.

After the trees and shrubs are established, the ground cover and mulch should be established.

Choose plants based on factors such as whether native or not, resistance to drought and
inundation, cost aesthetics, maintenance, etc. Planting recommendations for bioretention
facilities are as follows:

¢ Native plant species should be specified over non-native species.

¢ Vegetation should be selected based on a specified zone of hydric tolerance.

e A selection of trees with an understory of shrubs and herbaceous materials should be provided.

Additional information and guidance on the appropriate woody and herbaceous species appropriate for
bioretention in North Central Texas, and their planting and establishment, can be found in Section 1.5.2 of
the Landscape Technical Manual.

J

Additional Site-Specific Design Criteria and Issues

Physiographic Factors - Local terrain design constraints

.
.
.
Soils

Low Relief — Use of bioretention areas may be limited by low head
High Relief — Ponding area surface must be relatively level

Karst — Use poly-liner or impermeable membrane to seal bottom

No restrictions

Special Downstream Watershed Considerations

2.6

Aquifer Protection — No restrictions, if designed with no infiltration (i.e. outflow to groundwater)

Design Procedures

Step 1 Compute runoff control volumes from the integrated Design Focus Areas
Calculate the Water Quality Protection Volume (WQy), Streambank Protection Volume (SPv),
and the flood mitigation storm Flood Discharge (Qy).
Details on the integrated Design Focus Areas are found in Section 1.0 of the Planning
Technical Manual.

Step2 Determine if the development site and conditions are appropriate for the use of a bioretention
area
Consider the Application and Site Feasibility Criteria in Sections 2.4 and 2.5 (Location and
Siting).

Step 3  Confirm local design criteria and applicability
Consider any special site-specific design conditions/criteria from Section 2.5.10 (Additional
Site-Specific Design Criteria and Issues).
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Check with local officials and other agencies to determine if there are any additional restrictions
and/or surface water or watershed requirements that may apply.

Step4  Compute WQy peak discharge (Qwq)
The peak rate of discharge for water quality design storm is needed for sizing of off-line
diversion structures (see Section 1.4 of the Water Quality Technical Manual).
(@) Using WQu (or total volume to be captured), compute CN
(b) Compute time of concentration using TR-55 method
(c) Determine appropriate unit peak discharge from time of concentration
(d) Compute Quq from unit peak discharge, drainage area, and WQ..
Step 5  Size flow diversion structure, if needed
A flow regulator (or flow splitter diversion structure) should be supplied to divert the WQy to the
bioretention area.
Size low flow orifice, weir, or other device to pass Qug.
Step 6  Determine size of bioretention ponding/filter area
The required planting soil filter bed area is computed using the following equation (based on
Darcy’s Law):
Ar = (WQy) (df) / [ (K) (hs + df) (tr)] (2.1)
where:
As = surface area of ponding area (ft?)
WQy = water quality protection volume (or total volume to be captured)
dr = filter bed depth (2.5 feet minimum)
k = coefficient of permeability of filter media (ft/day) (use 0.5 ft/day for silt-loam)
hr = average height of water above filter bed (ft) (typically 3 inches, which is half of
the 6-inch ponding depth)
te = design filter bed drain time (days) (2.0 days or 48 hours is recommended
maximum)
Step 7  Set design elevations and dimensions of facility
See Section 2.5.3 (Physical Specifications/Geometry).
Step 8 Design conveyances to facility (off-line systems)
See the example figures to determine the type of conveyances needed for the site.
Step 9  Design pretreatment
Pretreat with a grass filter strip (on-line configuration) or grass channel (off-line), and stone
diaphragm.
Step 10 Size underdrain system
See Section 2.5.3 (Physical Specifications/Geometry)
Step 11 Design emergency overflow
An overflow must be provided to bypass and/or convey larger flows to the downstream
drainage system or stabilized watercourse. Nonerosive velocities need to be ensured at the
outlet point.
Step 12 Prepare Vegetation and Landscaping Plan
A landscaping plan for the bioretention area should be prepared to indicate how it will be
established with vegetation.
Bioretention SD-37

April 2010, Revised 9/2014





iISWM™ Technical Manual Site Development Controls

See Section 3.6 (Landscaping) and Section 1.5.2 of the Landscape Technical Manual for more
details.

See Section 29.3 for a Bioretention Area Design Example

Bioretention SD-38
April 2010, Revised 9/2014





iISWM™ Technical Manual Site Development Controls

2.7 Inspection and Maintenance Requirements

Table 2.1 Typical Maintenance Activities for Bioretention Areas

Activity Schedule

e Pruning and weeding to maintain appearance.
e Mulch replacement when erosion is evident. As needed
e Remove trash and debris.

e Inspect inflow points for clogging (off-line systems). Remove any
sediment.

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

e Trees and shrubs should be inspected to evaluate their health and
remove any dead or severely diseased vegetation.

Semi-annually

e The planting soils should be tested for pH to establish acidic levels. If
the pH is below 5.2, limestone should be applied. If the pH is above 7.0 Annually
to 8.0, then iron sulfate plus sulfur can be added to reduce the pH.

¢ Replace mulch over the entire area.

e Replace pea gravel diaphragm if warranted (or when the voids are 2 to 3 years
obviously filled with sediment and water is no longer infiltrating).

(Source: EPA, 1999)

Additional Maintenance Considerations and Requirements

The surface of the ponding area may become clogged with fine sediment over time. Core aeration or
cultivating of unvegetated areas may be required to ensure adequate filtration.

facilities as designed. Maintenance responsibility for a bioretention area should be
vested with a responsible authority by means of a legally binding and enforceable

: Regular inspection and maintenance is critical to the effective operation of bioretention
maintenance agreement that is executed as a condition of plan approval.
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2.8 Example Schematics
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Figure 2.3 Schematic of a Typical Bioretention Area
(Source: Claytor and Schueler, 1996)
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Figure 2.4 Schematic of a Typical On-Line Bioretention Area
(Source: Claytor and Schueler, 1996)
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Figure 2.5 Schematic of a Typical Off-Line Bioretention Area
(Source: Claytor and Schueler, 1996)
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Figure 2.6 Schematic of a Typical Inlet Deflector
(Source: Claytor and Schueler, 1996)
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Table 2.2 Design Procedure Form: Bioretention Areas

Design Procedure Form: Bioretention Areas

PRELIMINARY HYDROLOGIC CALCULATIONS

1a. Compute WQ, volume requirements
Compute Runoff Coefficient, R,
Compute WQ,

1b. Compute SP,

Compute average release rate
Compute (as necessary) Qs

BIORETENTION AREA DESIGN
2. Is the use of a bioretention area appropriate?
3. Confirm local design criteria and applicability
4. Determine size of bioretention filter area

5. Set design elevations and dimensions

6. Conveyance to bioretention facililty

7. Pretreatment

oo

. Size underdrain area
Based on guidance: Approx. 10% A¢

[(e]

. Overdrain design

10. Emergency storm weir design
Overflow weir - Weir equation

11. Choose plants for planting area

R=___
wQ, = acre-ft
SP, = acre-ft
release rate = cfs
Qs = cfs

See subsections 5.2.1.4 and 5.2.1.5- A

A= t2
Length = ft
Width = ft
elevation top of facility
other elev:
other elev:
other elev:
Online or Offline?
Type:
Length = ft
Type:
Size:
Length = ft

Select native plants based on resistance to drought and
inundation, cost, aesthetics, maintenance, etc.
See Appendix F

Notes:

Bioretention
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BIORETENTION AREAS

Stormwater Best

What is a bioretention

area?

Bioretention areas are planted shallow
depressions that collect and treat
stormwater runoff through landscaping.
They are typically found in suburban
environments and small areas of land.
The bioretention filters runoff then
diverts it into the storm drain system.
Bioretention areas are similar to
infiltration basins but the emphasis is
placed on vegetation in bioretention
areas.

Source: EPA, 2001

Are there other names for

this type of system?
Yes. A commonly used term for a
bioretention area is rain garden.

Can | turn my yard into a

bioretention area?

Yes. Most landscaped yards can easily
be converted into a bioretention area by
selecting the appropriate site and
plants.

Management Practices

How is a bioretention area

designed?

A bioretention area is typically created
in suburban areas with little space for
stormwater best management
practices. A typical bioretention area is
approximately 5%-10% of the size of
land that drains to the bioretention area.
The maximum amount of land a
bioretention area can accommodate is
5 acres, including the bioretention area.
Bioretention areas can be created in
any type of soil. The slope of the
surrounding land should be toward the
bioretention area. The filtered water is
typically drained to the stormwater
system. Rain gardens at commercial
sites should use a perforated under
drain to move the filtered runoff to the
stormwater system. Residential rain
gardens do not typically need an under
drain system.

What kinds of plants
should I put in my

bioretention area?

It is preferable to plant native
vegetation that also provides habitat
value and attracts beneficial insects.
The plants selected should be able to
withstand both wet and dry conditions.
Trees can also be used in bioretention
areas. Plants preferring wet soils
should be planted in the middle and
plants preferring dryer soils along the
edge.

For sources and citations on this Fact Sheet, please visit:
www.urban-nature.org

Texas Coastal Watershed Program
Texas A&M University System
Authors: Derek Morrison and Steven Mikulencak
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How much does it cost to install Are there any special

and maintain bioretention areas? considerations?

The EPA uses the following equation to Bioretention areas can be used near
estimate the construction, design, and stormwater hot spots, areas where highly
permitting cost of a bioretention area, contaminated runoff may occur. There is
approximately as € = 7.30V, one design constraint that should be
Where C is the total cost and V is the volume followed before applying it to this type of
of water treated by the bioretention area in area: an impermeable liner should be
cubic ft. In 2011, the Texas AgriLIFE installed underneath the bed. The liner
Extension Service estimated that it would cost should be installed so that if any of the
$6 per sq. ft. to install a bioretention area. runoff bypasses the drain it will not cause
The maintenance of the bioretention area is any contamination problems to the
similar to the cost of maintaining a typical groundwater.

vard.

Who should use a bioretention area?
Bioretention areas are typically used to treat parking lot runoff, residential or roof runoff.
Bioretention areas are also well suited for highly urbanized areas.

How effective is a bioretention area at removing pollutants?
The data shown in the following table and graph were obtained from 25 separate studies. A
bioretention area is able to remove approximately 51% of the nitrogen, 66% of the phosphorus,
83% of the TSS and 52% of the bacteria from storm water runoff.

Percent Removal of Pollutants

100%

80%
60% - 66%.
40% 51% Only 1

20% Data Point

0%
-20% -
-40%
-60%
-80%

-100%

67%

The top of the line represents the maximum value found and the bottom of the line represents the
minimum value found. The white point signifies the average of all the found values, also shown
numerically next to the white point. The solid colored box represents one standard deviation plus or
minus the average. This means 68% of the found values lie within the range of the solid colored box.

Content in this fact sheet was extracted from U.S. EPA National Menu of

/‘\ Best Management Practices
AgriLIFE EXTENSION S&‘l
Texas

Texas NEMO is an educational program of Texas A&M University, Texas
Sea Grant and the Texas AgriLife Extension service, and is an official
partner of the National NEMO Network. In addition to support from TAMU,

< |
AT NEMO is funded by grants from the EPA, TCEQ and GBEP.
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2.0 Bioretention

Structural Stormwater Control

Description: Shallow stormwater basin or landscaped
area that utilizes engineered soils and vegetation to
capture and treat runoff.

KEY CONSIDERATIONS

DESIGN CRITERIA:

Maximum contributing drainage area of 5 acres (< 2
acres recommended)

Often located in “landscaping islands”

Treatment area consists of grass filter, sand bed,
ponding area, organic/mulch layer, planting soil, and
vegetation

Typically requires 5 feet of head

ADVANTAGES / BENEFITS:

Applicable to small drainage areas

Good for highly impervious areas, flexible siting
Good retrofit capability

Relatively low maintenance requirements

Can be planned as an aesthetic feature

DISADVANTAGES / LIMITATIONS:

Requires extensive landscaping if in public area

Not recommended for areas with steep slopes
MAINTENANCE REQUIREMENTS:

Inspect and repair/replace treatment area components

STORMWATER
MANAGEMENT SUITABILITY

El Water Quality Protection
IE' Streambank Protection
IEI On-Site Flood Control

|:| Downstream Flood Control

Accepts Hotspot Runoff: Yes
(requires impermeable liner)

S - in certain situations

POLLUTANT REMOVAL

80%

Total Suspended Solids

60/50%

Nutrients - Total Phosphorus / Total Nitrogen removal

|I| Metals - Cadmium, Copper, Lead, and Zinc removal
Pathogens - Coliform, Streptococci, E. Coli removal

IMPLEMENTATION CONSIDERATIONS

@ Land Requirement

E Capital Cost
Maintenance Burden

Residential Subdivision Use: Yes
High Density/Ultra-Urban: Yes

Drainage Area: 5 acres max. (< 2
acres recommended)

Soils:  Planting soils must meet
specified criteria; No restrictions on
surrounding soils

Other Considerations: Use of
native plants is recommended

L=Low M=Moderate H=High

Bioretention
April 2010, Revised 9/2014
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2.1 General Description

Bioretention areas (also referred to as bioretention filters or rain gardens) are structural stormwater
controls that capture and temporarily store the water quality protection volume (WQv) using soils and
vegetation in shallow basins or landscaped areas to remove pollutants from stormwater runoff.

Bioretention areas are engineered facilities in which runoff is conveyed as sheet flow to the “treatment
area” which consists of a grass buffer strip, ponding area, organic or mulch layer, planting soil, and
vegetation. An optional sand bed can also be included in the design to provide aeration and drainage of
the planting soil. The filtered runoff is typically collected and returned to the conveyance system, though
it can also infiltrate into the surrounding soil in areas with porous sails.

There are numerous design applications, both on- and off-line, for bioretention areas. These include use
on single-family residential lots (rain gardens), as off-line facilities adjacent to parking lots, along highway
and road drainage swales, within larger landscaped pervious areas, and as landscaped islands in
impervious or high-density environments. Figures 2.1 and 2.2 illustrate a number of examples of
bioretention facilities in both photographs and drawings.

lanted Bioretention Area After Storm

Newly Contrued Bioretentin ea Newly

Figure 2.1 Bioretention Area Examples
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Figure 2.2 Bioretention Area Applications
(Source: Claytor and Schueler, 1996)
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2.2 Stormwater Management Suitability

Bioretention areas are designed primarily for stormwater quality, i.e. the removal of stormwater pollutants.
Bioretention can provide limited runoff quantity control, particularly for smaller storm events. These facilities
may sometimes be used to partially or completely meet streambank protection requirements on smaller sites.
However, bioretention areas will typically need to be used in conjunction with another structural control to
provide streambank protection as well as flood control. It is important to ensure that a bioretention area
safely bypasses higher flows.

Water Quality Protection

Bioretention is an excellent stormwater treatment practice due to the variety of pollutant removal
mechanisms. Each of the components of the bioretention area is designed to perform a specific function
(see Figure 2.3 of this section). The grass filter strip (or grass channel) reduces incoming runoff velocity
and filters particulates from the runoff. The ponding area provides for temporary storage of stormwater
runoff prior to its evaporation, infiltration, or uptake and provides additional settling capacity. The organic
or mulch layer provides filtration as well as an environment conducive to the growth of microorganisms
that degrade hydrocarbons and organic material. The planting soil in the bioretention facility acts as a
filtration system, and clay in the soil provides adsorption sites for hydrocarbons, heavy metals, nutrients,
and other pollutants. Both woody and herbaceous plants in the ponding area provide vegetative uptake
of runoff and pollutants and also serve to stabilize the surrounding soils. Finally, an optional sand bed
provides for positive drainage and aerobic conditions in the planting soil and provides a final polishing
treatment media.

Section 2.3 gives data on pollutant removal efficiencies that can be used for planning and design
purposes.

Streambank Protection

For smaller sites, a bioretention area may be designed to capture the entire streambank protection
volume SPy in either an off- or on-line configuration. Given that a bioretention facility is typically designed
to completely drain over 48 hours, the requirement of extended detention of the 1-year, 24-hour storm
runoff volume will be met. For larger sites where only the WQy is diverted to the bioretention facility,
another structural control must be used to provide SPv extended detention.

Flood Control

Bioretention areas must provide flow diversion and/or be designed to safely pass extreme storm flows
and protect the ponding area, mulch layer, and vegetation.

Credit for the volume of runoff removed and treated in the bioretention area may be taken in flood control
calculations (see Section 1.0).

2.3 Pollutant Removal Capabilities

Bioretention areas are presumed to be able to remove 80% of the total suspended solids load in typical
urban post-development runoff when sized, designed, constructed, and maintained in accordance with
the recommended specifications. Undersized or poorly designed bioretention areas can reduce TSS
removal performance.

The following design pollutant removal rates are conservative average pollutant reduction percentages for
design purposes derived from sampling data, modeling, and professional judgment. In a situation where a
removal rate is not deemed sufficient, additional controls may be put in place at the given site in a series or
“treatment train” approach.

e Total Suspended Solids — 80%
e Total Phosphorus — 60%
e Total Nitrogen — 50%

Bioretention SD-31
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e Fecal Coliform — insufficient data
e Heavy Metals — 80%

For additional information and data on pollutant removal capabilities for bioretention areas, see the
National Pollutant Removal Performance Database (2nd Edition) available at www.cwp.org and the
National Stormwater Best Management Practices (BMP) Database at www.bmpdatabase.org

2.4 Application and Site Feasibility Criteria

Bioretention areas are suitable for many types of development, from single-family residential to high-
density commercial projects. Bioretention is also well suited for small lots, including those of one acre or
less. Because of its ability to be incorporated in landscaped areas, the use of bioretention is extremely
flexible. Bioretention areas are an ideal structural stormwater control for use as roadway median strips
and parking lot islands and are also good candidates for the treatment of runoff from pervious areas, such
as a golf course. Bioretention can also be used to retrofit existing development with stormwater quality
treatment capacity.

The following criteria should be evaluated to ensure the suitability of a bioretention area for meeting
stormwater management objectives on a site or development.

General Feasibility

e Suitable for Residential Subdivision Usage — YES

e Suitable for High Density/Ultra Urban Areas — YES

¢ Regional Stormwater Control — NO

e Hot Spot - YES

Physical Feasibility - Physical Constraints at Project Site

e Drainage Area — 5 acres maximum; 0.5 to 2 acres are preferred.

e Space Required — Approximately 5-7% of the tributary impervious area is normally required.
e Site Slope — No more than 6% slope

e Minimum Head - Elevation difference needed at a site from the inflow to the outflow: 3-5 feet

e Minimum Depth to Water Table — A separation distance of 2 feet recommended between the bottom
of the bioretention facility and the elevation of the seasonally high water table.

e Soils — No restrictions; engineered media required
Other Constraints / Considerations

o Agquifer Protection — Do not allow infiltration of filtered hotspot runoff into groundwater

2.5 Planning and Design Criteria

The following criteria are to be considered minimum standards for the design of a bioretention facility.
Consult with the local review authority to determine if there are any variations to these criteria or
additional standards that must be followed.

A Location and Siting

e Bioretention areas should have a maximum contributing drainage area of 5 acres or less; 0.5 to 2
acres are preferred. Multiple bioretention areas can be used for larger areas.

e Bioretention areas can either be used to capture sheet flow from a drainage area or function as
an off-line device. On-line designs should be limited to a maximum drainage area of 0.5 acres
unless special precautions are taken to protect from erosion during high flows.
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e When used in an off-line configuration, the water quality protection volume (WQ,) is diverted to
the bioretention area through the use of a flow splitter. Stormwater flows greater than the WQy
are diverted to other controls or downstream (see Section 1.4.2 for more discussion of off-line
systems and design guidance for diversion structures and flow splitters).

e Bioretention systems are designed for intermittent flow and must be allowed to drain and re-
aerate between rainfall events. They should not be used on sites with a continuous flow from
groundwater, sump pumps, or other sources.

o Bioretention area locations should be integrated into the site planning process, and aesthetic
considerations should be taken into account in their siting and design. Elevations must be
carefully worked out to ensure that the desired runoff flow enters the facility with no more than the
maximum design depth.

B General Design
A well-designed bioretention area consists of:

e Grass filter strip (or grass channel) between the contributing drainage area and the ponding area,
except where site conditions preclude its use,

¢ Ponding area containing vegetation with a planting soil bed,
e Organic/mulch layer,

e Pea gravel layer between the planting soil and the gravel underneath to provide filtering of the
particles prior to entering gravel layer,

e Gravel and perforated pipe underdrain system to collect runoff that has filtered through the soil
layers (bioretention areas can optionally be designed to infiltrate into the soil — see description of
infiltration trenches for infiltration criteria).

A bioretention area design will also include some of the following:

e Optional sand filter layer to spread flow, filter runoff, and aid in aeration and drainage of
the planting soil.

e Stone diaphragm at the beginning of the grass filter strip to reduce runoff velocities and spread flow
into the grass filter.

¢ Inflow diversion or an overflow structure consisting of one of five main methods:
1) Use a flow diversion structure
2) For curbed pavements use an inlet deflector (see Figure 2.6).

3) Use a slotted curb and design the parking lot grades to divert the WQy into the facility. Bypass
additional runoff to a downstream catch basin inlet. Requires temporary ponding in the parking
lot (see Figure 2.5).

4) Figure 2.2 illustrates the use of a short deflector weir (maximum height 6 inches) designed to
divert the maximum water quality peak flow into the bioretention area.

5) An in-system overflow consisting of an overflow catch basin inlet and/or a pea gravel curtain drain
overflow.

See Figure 2.3 for an overview of the various components of a bioretention area. Figure 2.4 provides a
plan view and profile schematic of an on-line bioretention area. An example of an off-line facility is shown
in Figure 2.5.

C Physical Specifications / Geometry

¢ Recommended minimum dimensions of a bioretention area are 10 feet wide by 40 feet long. All
designs except small residential applications should maintain a length to width ratio of at least
2:1.
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e The planting soil filter bed is sized using a Darcy’s Law equation with a filter bed drain time of less
than 48 hours (less than 6 hours residential neighborhoods and 24 hours non-residential
preferred) and a coefficient of permeability (k) of greater than 0.5 ft/day.

e The maximum recommended ponding depth of the bioretention areas is 6 inches with a drain
time normally of 3 to 4 hours in residential settings.

e The planting soil bed must be at least 2.5 feet in depth and up to 4 feet if large trees are to be
planted. Planting soils should be sandy loam, loamy sand, or loam texture (should contain a
minimum of 35 to 60% sand, by volume). The clay content for these soils should by less than
25% by volume. Soils should fall within the SM, ML, SC classifications of the Unified Soll
Classification System (USCS). A permeability of at least 1.0 feet per day (0.5"/hr) is required (a
conservative value of 0.5 feet per day should be used for design). The soil should be free of
stones, stumps, roots, or other woody material over 1" in diameter. Brush or seeds from noxious
weeds, such as Johnson Grass, Mugwort, Nutsedge, and Canadian Thistle should not be present
in the soils. Placement of the planting soil should be in lifts of 12 to 18", loosely compacted
(tamped lightly with a dozer or backhoe bucket). The specific characteristics are presented in the

table below.
Planting Soil Characteristics
Parameter Value
pH range 5.2t07.00
Organic matter 1.510 4.0%
Magnesium 35 Ibs. per acre, minimum (0.0072 lbs/Sq yd)
Phosphorus (P20s) 75 Ibs. per acre, minimum (0.0154 Ibs/Sq yd)
Potassium (K20) 85Ibs. per acre, minimum (0.0175 Ibs/Sq yd)
Soluble salts 500 ppm
Clay 10 to 25%
Silt 30 to 55%
Sand 35 to 60%

(Adapted from EQR, 1996; ETAB, 1993)

e For on-line configurations, a grass filter strip with a pea gravel diaphragm is typically utilized (see
Figure 2.3) as the pretreatment measure. The required length of the filter strip depends on the
drainage area, imperviousness, and the filter strip slope. Design guidance on filter strips for
pretreatment can be found in Section 13.0 (Filter Strip).

e For off-line applications, a grass channel with a pea gravel diaphragm flow spreader is used for
pretreatment. The length of the grass channel depends on the drainage area, land use, and
channel slope. The minimum grassed channel length should be 20 feet. Design guidance on
grass channels for pretreatment can be found in Section 4.0 (Grass Channel).

e The mulch layer should consist of 2 to 4 inches of commercially available standard landscape
style, single or double, shredded hardwood mulch or chips. The mulch layer should be well aged
(stockpiled or stored for at least 12 months), uniform in color, and free of other materials, such as
weed seeds, soil, roots, etc.

e The sand bed (optional) should be 12 to 18 inches thick. Sand should be clean and have less
than 15% silt or clay content.

e Pea gravel for the 4” to 9” thick layer above the gravel bedding (and diaphragm and curtain,
where used), should be ASTM D 448 size No. 6 ('/s” to '4”).
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e The underdrain collection system is equipped with a 6-inch perforated PVC pipe (AASHTO M
252) in an 8-inch gravel layer. The pipe should have 3/8-inch perforations, spaced at 6-inch
centers, with a minimum of 4 holes per row. The pipe is spaced at a maximum of 10 feet on
center and a minimum grade of 0.5% must be maintained.

e A narrow 24” wide permeable filter fabric is placed between the gravel layer and the pea gravel
layer directly above the perforated pipes to limit piping of soil directly into the pipe. Filter fabric is
also placed along the vertical or sloping outer walls of the bioretention system to limit vertical
infiltration prior to filtration through the soil. The filter fabric should be non-woven with a minimum
permittivity rate of 75 to 125 gal/min/ft2. Additional geotextile properties are provided in the table

below.

Filter Fabric Properties

Geotextile Property Value Test Method
Trapezoidal Tear (lbs) 40 (min) ASTM D4533
Permeability (cm/sec) 0.2 (min) ASTM D4491
AQCS (sieve size) #60 - #70 (min) ASTM D4751
Ultraviolet resistance 70% or greater ASTM D4355

D Pretreatment / Inlets

e Adequate pretreatment and inlet protection for bioretention systems is provided when all of the
following are provided: (a) grass filter strip below a level spreader, or grass channel, (b) pea
gravel diaphragm and (c) an organic or mulch layer.

E Outlet Structures

e Outlet pipe is to be provided from the underdrain system to the facility discharge. Due to the slow
rate of filtration, outlet protection is generally unnecessary.

F Emergency Spillway

e An overflow structure and nonerosive overflow channel must be provided to safely pass flows
from the bioretention area that exceeds the storage capacity to a stabilized downstream area or
watercourse. If the system is located off-line, the overflow should be set above the shallow
ponding limit.

e The high flow overflow system within the structure consists of a yard drain catch basin (Figure
2.3), though any number of conventional systems could be used. The throat of the catch basin
inlet is normally placed 6 inches above the mulch layer. It should be designed as a domed grate
or a covered weir structure to avoid clogging with floatation mulch and debris, and should be
located at a distance from inlets to avoid short circuiting of flow. It may also be placed into the
side slope of the structure maintaining a neat contoured appearance.

G Maintenance Access

e Adequate access must be provided for all bioretention facilities for inspection, maintenance, and
landscaping upkeep. Appropriate equipment and vehicles are essential.

H Safety Features

e Bioretention areas generally do not require any special safety features. Fencing of bioretention facilities is
not generally desirable.

| Landscaping

e Landscaping is critical to the performance and function of bioretention areas.
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A dense and vigorous vegetative cover should be established over the contributing pervious
drainage areas before runoff can be accepted into the facility. Side slopes should be sodded to
limit erosion of fine particles onto the bioretention surface.

The bioretention area should be vegetated to resemble a terrestrial forest ecosystem, with a
mature tree canopy, subcanopy of understory trees, scrub layer, and herbaceous ground cover.
Three species each of both trees and scrubs are recommended to be planted.

The tree-to-shrub ratio should be 2:1 to 3:1. On average, the trees should be spaced 8 feet
apart. Plants should be placed at regular intervals to replicate a natural forest. Woody vegetation
should not be specified at inflow locations.

After the trees and shrubs are established, the ground cover and mulch should be established.

Choose plants based on factors such as whether native or not, resistance to drought and
inundation, cost aesthetics, maintenance, etc. Planting recommendations for bioretention
facilities are as follows:

¢ Native plant species should be specified over non-native species.

¢ Vegetation should be selected based on a specified zone of hydric tolerance.

e A selection of trees with an understory of shrubs and herbaceous materials should be provided.

Additional information and guidance on the appropriate woody and herbaceous species appropriate for
bioretention in North Central Texas, and their planting and establishment, can be found in Section 1.5.2 of
the Landscape Technical Manual.

J

Additional Site-Specific Design Criteria and Issues

Physiographic Factors - Local terrain design constraints

.
.
.
Soils

Low Relief — Use of bioretention areas may be limited by low head
High Relief — Ponding area surface must be relatively level

Karst — Use poly-liner or impermeable membrane to seal bottom

No restrictions

Special Downstream Watershed Considerations

2.6

Aquifer Protection — No restrictions, if designed with no infiltration (i.e. outflow to groundwater)

Design Procedures

Step 1 Compute runoff control volumes from the integrated Design Focus Areas
Calculate the Water Quality Protection Volume (WQy), Streambank Protection Volume (SPv),
and the flood mitigation storm Flood Discharge (Qy).
Details on the integrated Design Focus Areas are found in Section 1.0 of the Planning
Technical Manual.

Step2 Determine if the development site and conditions are appropriate for the use of a bioretention
area
Consider the Application and Site Feasibility Criteria in Sections 2.4 and 2.5 (Location and
Siting).

Step 3  Confirm local design criteria and applicability
Consider any special site-specific design conditions/criteria from Section 2.5.10 (Additional
Site-Specific Design Criteria and Issues).
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Check with local officials and other agencies to determine if there are any additional restrictions
and/or surface water or watershed requirements that may apply.

Step4  Compute WQy peak discharge (Qwq)
The peak rate of discharge for water quality design storm is needed for sizing of off-line
diversion structures (see Section 1.4 of the Water Quality Technical Manual).
(@) Using WQu (or total volume to be captured), compute CN
(b) Compute time of concentration using TR-55 method
(c) Determine appropriate unit peak discharge from time of concentration
(d) Compute Quq from unit peak discharge, drainage area, and WQ..
Step 5  Size flow diversion structure, if needed
A flow regulator (or flow splitter diversion structure) should be supplied to divert the WQy to the
bioretention area.
Size low flow orifice, weir, or other device to pass Qug.
Step 6  Determine size of bioretention ponding/filter area
The required planting soil filter bed area is computed using the following equation (based on
Darcy’s Law):
Ar = (WQy) (df) / [ (K) (hs + df) (tr)] (2.1)
where:
As = surface area of ponding area (ft?)
WQy = water quality protection volume (or total volume to be captured)
dr = filter bed depth (2.5 feet minimum)
k = coefficient of permeability of filter media (ft/day) (use 0.5 ft/day for silt-loam)
hr = average height of water above filter bed (ft) (typically 3 inches, which is half of
the 6-inch ponding depth)
te = design filter bed drain time (days) (2.0 days or 48 hours is recommended
maximum)
Step 7  Set design elevations and dimensions of facility
See Section 2.5.3 (Physical Specifications/Geometry).
Step 8 Design conveyances to facility (off-line systems)
See the example figures to determine the type of conveyances needed for the site.
Step 9  Design pretreatment
Pretreat with a grass filter strip (on-line configuration) or grass channel (off-line), and stone
diaphragm.
Step 10 Size underdrain system
See Section 2.5.3 (Physical Specifications/Geometry)
Step 11 Design emergency overflow
An overflow must be provided to bypass and/or convey larger flows to the downstream
drainage system or stabilized watercourse. Nonerosive velocities need to be ensured at the
outlet point.
Step 12 Prepare Vegetation and Landscaping Plan
A landscaping plan for the bioretention area should be prepared to indicate how it will be
established with vegetation.
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See Section 3.6 (Landscaping) and Section 1.5.2 of the Landscape Technical Manual for more
details.

See Section 29.3 for a Bioretention Area Design Example
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2.7 Inspection and Maintenance Requirements

Table 2.1 Typical Maintenance Activities for Bioretention Areas

Activity Schedule

e Pruning and weeding to maintain appearance.
e Mulch replacement when erosion is evident. As needed
e Remove trash and debris.

e Inspect inflow points for clogging (off-line systems). Remove any
sediment.

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

e Trees and shrubs should be inspected to evaluate their health and
remove any dead or severely diseased vegetation.

Semi-annually

e The planting soils should be tested for pH to establish acidic levels. If
the pH is below 5.2, limestone should be applied. If the pH is above 7.0 Annually
to 8.0, then iron sulfate plus sulfur can be added to reduce the pH.

¢ Replace mulch over the entire area.

e Replace pea gravel diaphragm if warranted (or when the voids are 2 to 3 years
obviously filled with sediment and water is no longer infiltrating).

(Source: EPA, 1999)

Additional Maintenance Considerations and Requirements

The surface of the ponding area may become clogged with fine sediment over time. Core aeration or
cultivating of unvegetated areas may be required to ensure adequate filtration.

facilities as designed. Maintenance responsibility for a bioretention area should be
vested with a responsible authority by means of a legally binding and enforceable

: Regular inspection and maintenance is critical to the effective operation of bioretention
maintenance agreement that is executed as a condition of plan approval.
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2.8 Example Schematics
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Figure 2.3 Schematic of a Typical Bioretention Area
(Source: Claytor and Schueler, 1996)
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Figure 2.4 Schematic of a Typical On-Line Bioretention Area
(Source: Claytor and Schueler, 1996)
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Figure 2.5 Schematic of a Typical Off-Line Bioretention Area
(Source: Claytor and Schueler, 1996)
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Figure 2.6 Schematic of a Typical Inlet Deflector
(Source: Claytor and Schueler, 1996)
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Table 2.2 Design Procedure Form: Bioretention Areas

Design Procedure Form: Bioretention Areas

PRELIMINARY HYDROLOGIC CALCULATIONS

1a. Compute WQ, volume requirements
Compute Runoff Coefficient, R,
Compute WQ,

1b. Compute SP,

Compute average release rate
Compute (as necessary) Qs

BIORETENTION AREA DESIGN
2. Is the use of a bioretention area appropriate?
3. Confirm local design criteria and applicability
4. Determine size of bioretention filter area

5. Set design elevations and dimensions

6. Conveyance to bioretention facililty

7. Pretreatment

oo

. Size underdrain area
Based on guidance: Approx. 10% A¢

[(e]

. Overdrain design

10. Emergency storm weir design
Overflow weir - Weir equation

11. Choose plants for planting area

R=___
wQ, = acre-ft
SP, = acre-ft
release rate = cfs
Qs = cfs

See subsections 5.2.1.4 and 5.2.1.5- A

A= t2
Length = ft
Width = ft
elevation top of facility
other elev:
other elev:
other elev:
Online or Offline?
Type:
Length = ft
Type:
Size:
Length = ft

Select native plants based on resistance to drought and
inundation, cost, aesthetics, maintenance, etc.
See Appendix F

Notes:
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