Chapter 4. Stormwater Best Management Practices (BMPSs)

4.1  Standard Stormwater BMP Design Sections
This chapter summarizes and outlines performance criteria for 13 stormwater best management
practice (BMP) categories that include:

Bioretention

Permeable Pavements
Infiltration

Green Roofs

Rainwater Harvesting
Impervious Surface Disconnection
Open Channel Systems
Filtering Systems

Storage Practices

Ponds

Stormwater Wetlands

Tree Planting and Preservation
Proprietary Practices
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Following these crétria is the criteria to credit for stormwater benefit the use of conservation areas and
open space preservation.

4.1.1 Format of Standard Stormwater BMP Design Sections
BMP performance criteria are based on several critical design factors to ensure effectiongtided
BMPsFor each BMP, the following factors are discussed:

General Feasibility

Conveyance

Pretreatment

Design and Sizing

Landscaping

Construction Sequencing
Maintenance

Stormwater Compliance Calculations
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Design components that differ from these specifications, but meet their intent, may be includexvat
of BlufftorQ discretion.

4.1.2 Standard Nomenclature

In this chapter, and throughout the guidebook, the termmystor shall denote required aspects of

BMPsor their design and implementation. The tershould denotes a recommendation, however,

justification may be necessary for design or implementation that does not correspond to certain
recommendations.



4.2  Summary of BMP Stormwater Manageme@@apabilities, Site Applicability, & Physical

Feasibility
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control requirements discussed in detail in Section 3.5.

4.2.1 Stormwater Retention & Water Quality Treatant

It is important to note that this Manual, and the associated compliance calculators, make a distinction
between stormwater retention volume and stormwater water quality treatment. Not all BMPs achieve
stormwater retention and/or water quality treatmergqually, as was summarized in Table 3.3. The level
to which a BMP provides stormwater retention and water quality treatment is provided in the BMP
summary table of each BMP. The stormwater runoff reduction (SWRv) rates are expressed as a
percentage of thestorage volume provided by the BMP. Calculations for determining storage volume
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total suspended solids, nitrogen and bacteria are also included in thesBMPary table. Note that

many BMPs whose main purpose is water quality treatment typically do not have enough volume
control to manage larger storm events.

4.2.2 Site Applicability
Certain BMPs are more appropriate than others in certain land 0sdse 41 describes the site
applicability for each BMP for the following factors:

9 Rural Use This column indicates whether or ribe stormwater management practice is
typically suited for use in rural areas and on{density development sites.

1 Suburban Use This column indicates whether or not the stormwater management practice is
typically suited for use in suburban areas andhwediumdensity development sites.

1 Urban Use This column identifies the stormwater management practices that are typically
suited for use in urban and ultharban areas where space is at a premium.

9 Construction CostThis column assesses the relativastouction cost of each of the
stormwater management practices.

9 Maintenance This column assesses the relative maintenance burden associated with each
stormwater management practice. Note that all stormwater management practices require
routine inspectiorand maintenance.




Table 41. Site applicability for BMPs.

BMP Rural Use Suburban Use| Urban Use Conét::t:tlon Maintenance
Bioretention Yes Yes Yes Medium Medium
Permeable Pavement Maybe Yes Yes High High
Infiltration Yes Yes Yes Medium Medium
Green Roof Maybe Yes Yes High Low
Rainwater Harvesting Yes Yes Yes Medium Medium
Disconnection Yes Yes Maybe Low Low
Open Channels Yes Yes No LowMedium Medium
Filtration Maybe Yes Yes High High
Dry Ponds Yes Yes No Low Low
Wet Ponds Yes Yes No Low Low
Stormwater Wetlands Yes Yes No Low Medium

4.2.3 Site Conditions & Physical Feasibility

While some BMPs can be applied almost anywhere, others require specific conditions to be most
effective. Physical feasibility refers to the physical site conditions necessary to effectively design and
install a BMPTable 42 includes the feasibility factors listed below.

Contributing Drainage Area (CDA/olume of water received by a practice can affect BMP
performance. This column indicates tbentributing drainage areas that typically apply for each

Slope: This column describes the influence that site slope can have on the performance of the
BMP. It indicates the maximum slope on which the BMP should be installed.

Minimum Head:This coln provides an estimate of the minimum amount of elevation
difference needed within the BMP, from the inflow to the outflow, to allow for gravity

Minimum Depth to Seasonal High Water Tabléhis column indicates the minimum distance

that should be provided between the bottom of the stormwater management practice and the

1
BMP.
1
1
operation.
1
top of the water table.
1

Soils This column describes the influence that the underlying soils (i.e., hydrologic soil groups)
can have on the performance of the stormwateanagement practice.



Table 42. Feasibility limitations for BMPs.

Contributing -~ Minimum Depth to .
BMP Drainage Area Slope Minimum Head Water Table Soils

Bioretention Up to 2.5 acres Up to 5% 4-5 feet 0.5 feet Allsoils
Permeable Up o 5 times

practice surface Up to 5% 1¢ 4 feet 0.5 feet All soils
Pavement

area

Must drain
Infiltration Up to 2 acres Up to 6% 2 feet 0.5 feet within 72
hours
Green roof area +
0,

Green Roof 100% Up to 30% N/A N/A N/A
Rainwater No limit No limit N/A N/A N/A
Harvesting
Disconnection Up to 1,000 f Up to 5% N/A N/A All soils

per downspout
Open Channels Up to 2.5 acres Up to 4% Varies Varies All soils
Filtration Up to 5 acres Up to 6% 2¢ 10 feet 0.5 feet All soils
Storage Practices| Varies No limit 5 feet 0.5 feet All soils
Ponds Greater than 10 Up to 15% 6 ¢ 8 feet No limit Slgwdra|n|ng

acres soils preferred
Stormwater . - Slowdraining

0

Wetlands Varies Up to 8% 2 ¢ 4 feet No limit soils preferred
'CDAcan be smaller if practice intersects the water table.
2Check dams may be necessary to create sufficient ponding volume.
3Slowdraining soil® f N Prpay reduinaXaud underdraiand designed to drain within 48.hr
4Roof slope.

Irrigation from ponds is not included as a specific best management practice Madhisalbut is

included as Rainwater Harvesting (84.5). Requirements and guidance for irrigation use of retained
stormwater have been included in Hydrologic and Hydraulalysis (ARC requirements in 83.7.2);

Ponds (84.10); and Rainwater Harvesting Treatment and Management Requirements (Appendix J). The
Rainwater Harvesting Calculator in Appendix K will be used to determine the SWRv credit for ponds used
for irrigation, andthen these ponds are entered in the Compliance Calculator in Appendix H as rainwater
harvesting. Instructions for these entries are included in Appendix G Compliance Calculator Instructions.



4.3 Bioretention

Bioretention

Definition: Practices that capturand store stormwater runoff and pass it through a filter bed of
engineered filter media composed of sand, soil, and organic matter. Filtered runoff may be collg
and returned to the conveyance system or allowed to infiltrate into the soil.

Site Applicability

BMP Performance Summary

Land Uses Required Footprint WQ Improvement: Moderate to High
AUrban TSS Total N+ Bacteria?
ASuburban Small to Large 85%;100% 75%100% 80%;100%
ARural Runoff Reduction

Construction Costs | Maintenance Burden Volume
Moderate Moderate High
Maintenance Frequency: SWRv
Routine Non-Routine No Underdrain IWS Standard
Quarterly Every 23 years 100% of Sv 75% of Sv 60%
Advantages/Benefits Disadvantages/Limitation

AEasily incorporated into new development

AHigh community acceptance

AGood for small, highly paved drainage areas
(i.e. parking lots)

AMaximum CDA is 1 to 2.5 acres

A Requires pretreatment to prevent clogging
ARequires detailed landscape planning

A Not appropriate for steep slopes

Components

Design considerations

APretreatment

A Conveyance system

APonding area

A Soils/Filter Media/Mulch

A Observation Well/Monitoring Port
APlants

A Maximum ponding depth 1Biches

A Minimum filter media bed depth 18 inches

A Depth to seasonal high water table must be
least 6 inches below bottom of practice

A Underdrain system needeiflex soil infiltration
NI GS f nodpék KNI

Maintenance Activities

AMow turf cover periodically
AReplace mulch as needed to maintain depth

mulch

A Replace plant material, as needed
AReplace soil if it becomes clogged

A Clean conveyance system(s)

1Qredited pollutant load removal

2In order to receive the full credit for bacteria removafd y A YdzY YSRA |

Bioretention areas, shallow depressional areas that are filled with an engineered soil media and are
planted with trees, shrubs, and other herbaceous vegetation, are one of the most effective stormwater
managemenpractices that can be used to reduce pesinstruction stormwater runoff rates, volumes,
and pollutant loads. They also provide a number of other benefits, including improved aesthetics,

RS LI K

wildlife habitat, urban heat island mitigation, and improved air gyaSee Figure 4.1 for an example
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They are designed to capture and temporarily store stormwater runoff in the engineered soil media,
where it is subjected to the hydrologic processes of evaporation and transpiration, before being
conveyed back iatthe storm drain system through an underdrain or allowed to infiltrate into the
surrounding soils. The engineered soil media is comprised of sand, soil, and organic matter.

Typically, bioretention systems are not designed to provide stormwater detepfitarger storms (e.qg.,
2-, 10, 25-year), but in some circumstances that may be possible. Bioretention practices should
generally be combined with a separate facility to provide those controls.
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Figure 41. Bioretention in parking lot (photo credit: Center for Watershed Protection, Inc.).

Definition. Practices that capture and store stormwater runoff and pass it through a filter bed of
engineered filter media composed of sand, soil, and organic matterrdelreinoff may be collected and
returned to the conveyance system or allowed to infiltrate into the soil. Design variants include the
following:

B-1 Bioretention
B-2 Streetscape bioretention
B-3 Engineered tree pits

B-4 Stormwater planters



B-5 Residential rain gardens (for single family homes)

There are three different bioretention design configurations:

A No Underdrain Practices that can infiltrate the design storm volume within 72 hours, and therefore
need no underdrain (se€igure 42).

A Internal Water Storage (IWSkPractices that include an infiltration sump/storage layer (Begire
4 3Error! Reference source not foundbelow the underdrain.

A Standard Practices with underdrains (s€ggure 44).

The particular design configuration to be implemented on a site is typically dependent on specific site
conditions and the characteristics of the underlying soils. These criteria are further discussed in this
chapter.
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Figure 42. Example bioretention design without an underdrain.
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Figure 43. Example bioretention design with internal water storage (IWS).
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Figure 44. Example standdrbioretention design.
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Figure 45. Example streetscape bioretention.

4.3.1 Bioretention Feasibility Criteria

Bioretention can be applied in most soils or topography, sinoeff simply percolates through an
engineered soil bed and is infiltrated or returned to the stormwater system via an underdrain. Key
constraints with bioretention include the following:

Required Space
Planners and designers can assess the feasibilitging bioretention facilities based on a simple

relationship between the CDA and the corresponding bioretention surface area. The surface area is
recommended to be approximately 3 to 6% of CDA, depending on the imperviousness of the CDA and
the desired loretention ponding depth.

Site Topography

Bioretention can be used for sites with a variety of topographic conditionst Bubest applied when

the grade of the area immediately adjacent to the bioretention practice (within approximately 15 to 20
feet) is greater than 1% and less than 5%.

Available Hydraulic Head

Bioretention is fundamentally constrained by the invert elevation of the existing conveyance system to
which the practice discharges (i.e., the bottom elevation needed to tie the underdrain from the
bioretention area into the storm drain system). In geriefato 5 feet of elevation above this invert is




needed to accommodate the required ponding and filter media depths. If the practice does not include
an underdrain or if an inverted or elevated underdrain design is used, less hydraulic head may be
adequate

Water Table

Bioretention must be separated from the water table to ensure that groundwater does not intersect the
filter bed. Mixing can lead to possible groundwater contamination or failure of the bioretention facility.
A separation distance of no ledgan 0.5 feet is required between the bottom of the excavated
bioretention area and the seasonally high groundwater table.

Tidal Impacts
For systems with an underdrain, the underdrain should be located above the tidal mean high water

elevation. For entirly infiltration-based systems, the bottom of the stone reservoir should be located
above the mean high water elevation. Where this is not possible, portions of the practice below the tidal
mean high water elevation cannot be included in the volume calicuiat Also, saltolerant vegetation

may be necessary in these areas.

Soils and Underdrains

Soil conditions do not typically constrain the use of bioretention, although they do determine whether
an underdrain is needed. Underdraisisallbe required if themeasured permeability of the underlying
soils is lesthan 05 inches per hourWhen designing a bioretention practice, designers must verify soll
permeability by using the osite soil investigation methods provided in Appendix B for Geotechnical
Informaion Requirements for Underground BMPs. Impermeable soils will require an underdrain.

For fill soil locations, geotechnical investigations are required to determine if it is necessary to use an
impermeable liner and underdrain.

Contributing Drainage Area

Bioretention cells work best with smaller CDAs, where it is easier to achieve flow distribution over the
filter bed. The maximum CDA to a standard bioretention are®) (B 2.5 acres and can consist of up to
100% impervious cover. The CDA for smallergtémtion practices (R, B3, B4, and B5) is a maximum

of 1 acre. However, if hydraulic considerations are adequately addressed to manage the potentially
large peak inflow of larger CDAs, such adioéf or lowflow diversions, or forebays, there may base

by-case instances where the maximum CDAs can be adjusted. summarizes typical recommendations for
bioretention CDAs.

Table 43. Maximum contributing drainage area (CDA) to bioretention.

Bioretention Type DesignVariants Ma>§|mum C.:DA
(acres of impervious cover)
Standard B-1 2.5
Smaliscale bioretention B-2, B3, B4, and B5 1.0

Pollutant Hotspot Land Uses

Bioretention may not be an appropriate stormwater management practice for cepaiatant-
generating sites. In areas where higher pollutant loading is likely (i.e. oils and greases from fueling
stations or vehicle storage areas, sediment fromstebilized pervious areas, or other pollutants from




industrial processes), appropriate preatment, such as an eivater separator or filtering device must
be provided. These pretreatment facilities should be monitored and maintained frequently to avoid
negative impacts to the bioretention area and subsequent water bodies.

On sites with exighg contaminated soils, infiltration is not allowed. An impermeable bottom liner and
an underdrain system must be employed when a bioretention area will receive untreated hotspot
runoff, and the No Underdrain design configuration cannot be used.

Bioretenton can still be used to treat parts of the site that are outside of the hotspot area. For instance,
roof runoff can go to bioretention while vehicular maintenance areas would be treated by a more
appropriate hotspot practice.

No Irrigation or Baseflow

Theplanned bioretention area should not receive baseflow, irrigation water, chlorinated-waskr or
any other flows not related to stormwater. During the establishment period of the bioretention area,
irrigation is allowed, however, to ensure plant survivaladdition, rain gardens or bioretention
practices may be incorporated into the design of a Rainwater Harvesting System (See4séction

Setbacks

To avoid the risk of seepage, stormwater cannot flow from the bioretention area reservoir layer to the
traditional pavement base layer, existing structure foundations, or future foundations which may be
built on adjacent properties.

Bioretention areas shdd be located at least:

1 10 feet from building foundations*

1 10 feet from property lines

1 150 feet from private water supply wells
1 50 feet from septic systems

*For building foundations, where the f@ot setback is not possible, an impermeable liner rhaysed
along the sides and bottom of the bioretention area (extending from the surface to the bottom of the
practice and outward to meet the Hdot setback) to prevent seepage or foundation damage.

Proximity to Utilities

Designers should ensure that future tree canopy growth in the bioretention area will not interfere with
existing overhead utility lines. When large site development is undertaken the expectation of achieving
avoidance will be high. Conflicts may be comnlanp on smaller sites and in the PROW. Consult with
each utility company on recommended offsets, which will allow utility maintenance work with minimal
disturbance to the bioretention system. Where conflicts cannot be avoided, follow these guidelines:

9 Corsider altering the location or sizing of the bioretention to avoid or minimize the utility
conflict. Consider an alternate BMP type to avoid conflict.

1 Use design features to mitigate the impacts of conflicts that may arise by allowing the
bioretention andthe utility to coexist. The bioretention design may need to incorporate
impervious areas, through geotextiles or compaction, to protect utility crossings.

1  Work with the utility to evaluate the relocation of the existing utility and install the optimum
placement and sizing of the bioretention.



1 If utility functionality, longevity, and vehicular access to manholes can be assured, accept the
bioretention design and location with the existing utility. Incorporate into the bioretention
design sufficient soil cevage over the utility or general clearances or other features such as an
impermeable liner to assure all entities the conflict is limited to maintenance.

When accepting utility conflict into the bioretention location and design, it is understood the
bioretention will be temporarily impacted during utility work but the utility owner will replace the
bioretention or, alternatively, install a functionally comparable bioretention according to the
specifications in the current version of th&anual If the biaetention is located in the PROW, the
bioretention restoration will also conform with the State of South Carolina Department of
Transportation design specifications.

Minimizing External Impacts

Urban bioretention practices may be subject to higher puliibility, greater trash loads, pedestrian

traffic, vandalism, and even vehicular loads. Designers should design these practices in ways that
prevent, or at least minimize, such impacts. In addition, designers should clearly recognize the need to
perform frequent landscaping maintenance to remove trash, check for clogging, and maintain vigorous
vegetation. The urban landscape context may feature naturalized landscaping or a more formal design.
When urban bioretention is used in sidewalk areas of high fiadfit, designers should not impede
pedestrian movement or create a safety hazard. Designers may also install low fences, grates, or other
measures to prevent damage from pedestrian shartting across the practices.

When bioretention will be included ipublic rightsof-way or spaces, design manuals and guidance
developed by agencies or organizations other thamwn of Blufftormay also apply (e.g., State
Department of Transportation).

Economic Considerations
Bioretention areas can be particularly costeetive when they are included in areas of the site already
planned for landscaping.

4.3.2 Bioretention Conveyance Criteria
There are two basic design approaches for conveying runoff into, through, and around bioretention
practices:

1. Off-line: Flow is split or gerted so that only the design storm or design flow enters the
bioretention area. Larger flows bypass the bioretention treatment.

2. Ontline: All runoff from the CDA flows into the practice. Flows that exceed the design capacity
exit the practice via an ovddw structure or weir.

If runoff is delivered by a storm drain pipe or is along the main conveyance system, the bioretention
area should be designed dife so that flows do not overwhelm or damage the practice.

Off-line Bioretention
Overflows araliverted from entering the bioretention cell. Optional diversion methods include the
following:

A Create an alternate flow path at the inflow point into the structure such that when the maximum
ponding depth is reached, the incoming flow is diverted pastfaedity. In this case, the higher



flows do not pass over the filter bed and through the facility, and additional flow is able to enter as
the ponding water filters through the filter media. With this design configuration, an overflow
structure in the bioetention area is not required.

A Utilize a lowflow diversion or flow splitter at the inlet to allow only the design storm volume (i.e.,
the SWRVv) to enter the facility (calculations must be made to determine the peak flow fromhe 85
or 95" percentile $orm). This may be achieved with a weir, curb opening, or orifice for the target
flow, in combination with a bypass channel or pipe. Using a weir or curb opening helps minimize
clogging and reduces the maintenance frequency. With this design configuratiaverflow
structure in the bioretention area is required (see-lame bioretention below).

Online Bioretention
An overflow structure must be incorporated into4ine designs to safely convey larger storms through
the bioretention area (se€igure 46). The following criteria apply to overflow structures:

A An overflow shall be provided within the practice to pass storms greater than the dstsign
storage to a stabilized water course. A portion of larger events may be managed by the bioretention
area so long as the maximum depth of ponding in the bioretention cell does not exceed 18 inches.

A The overflow device must convey runoff to a storm sevetream, or the existing stormwater
conveyance infrastructure, such as curb and gutter or an existing channel.

A Common overflow systems within bioretention practices consist of an inlet structure, where the top
of the structure is placed at the maximunamding depth of the bioretention area, which is typically
6 to 18 inches above the surface of the filter bed.

A The overflow device should be scaled to the application. This may be a landscape grate or yard inlet

for small practices or a commercigpe structure for larger installations.

A Sufficient depth must be provided between the top of the overflow device and the top of the
bioretention area to ensure that the 2gear storm can be safely conveyed through the overflow
device.

A The overflow associated withe 2- to 25-year design storms must be controlled so that velocities
are nonerosive (generally less than 6 feet per second) at the outlet point, to prevent downstream
erosion.
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Figure 46. Example design of an @ine bioretention with an overflow structure.

4.3.3 Bioretention Pretreatment Criteria

Pretreatment of runoff entering bioretention areas is necessary to trap coarse sediment particles before
they reach and prematurely clog the filter bed. Pretreatment measures must bgragbsto evenly

spread runoff across the entire width of the bioretention area. Several pretreatment measures are
feasible, depending on the type of the bioretention practice and whether it receives sheet flow, shallow
concentrated flow, or deeper conceatted flows. The following are appropriate pretreatment options:

Standard Bioretention (BL)

A Pretreatment Cellgfor channel flow) Similar to a forebay, this cell is located at piped inlets or curb
cuts leading to the bioretention area and consists of aargy dissipator sized for the expected
rates of discharge. It has a storage volume equivalent to at least 15% of the total storage volume
(inclusive) with a recommended 2:1 lengthtwidth ratio. The cell may be formed by a wooden or
stone check dam or agarthen or rock berm. Pretreatment cells do not need underlying engineered
filter media, in contrast to the main bioretention cell. However, if the volume of the pretreatment
cell will be included as part of the bioretention storage volume, the pretreatroell must dewater
between storm events. It cannot have a permanent ponded volume.

A Grass Filter Stripfor sheet flow) Grass filter strips that are perpendicular to incoming sheet flow
extend from the edge of pavement, with a slight drop at the pavenseige, to the bottom of the
bioretention basin at a 5H:1V slope or flatter. Alternatively, if the bioretention basin has side slopes
that are 3H:1V or flatter, a-fbot grass filter strip can be used at a maximum 5% (20H:1V) slope.

A Stone Diaphragmégfor sheet flow) A stone diaphragm located at the edge of the pavement should
be oriented perpendicular to the flow path to pretreat lateral runoff, with-a®4-inch drop from



the pavement edge to the top of the stone. The stone must be sized accordihg txpected rate
of discharge.

A Gravel or Stone Flow Spreadeff®r concentrated flow) The gravel flow spreader is located at curb
cuts, downspouts, or other concentrated inflow points, and should hava@4£inch elevation
drop from a hardedged surfae into a gravel or stone diaphragm. The gravel must extend the entire
width of the opening and create a level stone weir at the bottom or treatment elevation of the
basin.

A Filter Systen(see Sectiod.10Filtering Systems). If using a filter system as a pretreatment facility,
the filter will not require a separate pretreatment facility.

A Innovative or Proprietary StructureAn approved proprigiry structure with demonstrated
capability of reducing sediment and hydrocarbons may be used to provide pretreatment. Refer to
Section0 Proprietary Practices for information on approved proprietary structures.

Other pretreatment options may be appropriate, but they must trap coarse sediment particles and
evenly spread runoff across the entire width of the bioretention area.

SmallScale Bioretentior(B-2, B3, B4, and B5)
A Leaf ScreensA leaf screen serves as paftthe gutter system to keep the heavy loading of organic
debris from accumulating in the bioretention cell.

A Pretreatment Cellgfor channel flow). Pretreatment cells are located above ground or covered by a
manhole or grate. Pretreatment cells are atypitasmalscale bioretention and are not
recommended for residential rain gardens3p

A Grass Filter Stripfor sheet flow). Grass filter strips are applied on residential lots, where the lawn
area can serve as a grass filter strip adjacent to a raitega

A Stone Diaphragnfor either sheet flow or concentrated flow). The stone diaphragm at the end of a
downspout or other concentrated inflow point should run perpendicular to the flow path to
promote settling.

Note: stone diaphragms are not recommended $chool settings.

A Trash Rackgor either sheet flow or concentrated flow). Trash racks are located between the
pretreatment cell and the main filter bed or across curb cuts to allow trash to collect in specific
locations and make maintenance easier.

4.3.4 Bioretention Design Criteria

Design Geometry

Bioretention basins must be designed with an internal flow path geometry such that the treatment
mechanisms provided by the bioretention are not bypassed or stiortiited. So that the bioretention

area to have amcceptable internal geometry, the travel time from each inlet to the outlet should be
maximized by locating the inlets and outlets as far apart as possible. In addition, incoming flow must be
distributed as evenly as possible across the entire filteraserbrea.

Inlets and Energy Dissipation

Where appropriate, the inlet(s) to streetscape bioretentior2)Bengineered tree boxes-®, and
stormwater planters (B}) should be stabilized using No. 3 stone, splash block, river stone, or other
acceptable enggy dissipation measures. The following types of inlets are recommended:




Downspouts to stone energy dissipators.

Sheet flow over a depressed curb with-in8h drop.

Curb cuts allowing runoff into the bioretention area.

Covered drains that convey flows ass sidewalks from the curb or downspouts.

Grates or trench drains that capture runoff from a sidewalk or plaza area.

=A =4 =4 =4 4

Drop structures that appropriately dissipate water energy.

Inlets must be designed with sufficient width and slope to aumiohtended bypass. This is of particular
concern for curb cuts on streetscape bioretention designs.

Ponding Depth
The recommended surface ponding depth is 6 to 12 inches. Minimum surface ponding depth is 3 inches

(averaged over the surface area of tA®P). Ponding depths can be increased to a maximum of 18
inches. However, when higher ponding depths are utilized, the design must consider carefully issues
such as safety, fencing requirements, aesthetics, the viability and survival of plants, and arakion

scour of side slopes. This is especially true where bioretention areas are built next to sidewalks or other
areas were pedestrians or bicyclists travel. Shallower ponding depths (typically 6 to 12 inches) are
recommended for streetscape bioretentioB-R), engineered tree boxes®, and stormwater planters

(B-4).

Side Slopes
Traditional bioretention areas {B) and residential rain gardens-8 should be constructed with side

slopes of 3H:1V or flatter. In spacenstrained areas, a drop curb designa precast structure can be
used to create a stable, vertical side wall. These drop curb designs should not exceed a vertical drop of
more than 12 inches, unless safety precautions, such as railings, walls, grates, etc. are included.

Filter Media

The flter media of a bioretention practice consists of an engineered soil mixture that has been carefully
blended to create a filter media that maintains letegm permeability while also providing enough
nutrients to support plant growth. The final filter medshall consist of a weblended mixture of

medium to coarsesand loam soil and anorganic amendment{compost). The sand maintains the

desired permeability of the media while the limited amount of loam soil and organic amendments are
considered adequat® help support initial plant growth. It is anticipated that the gradual increase of
organic material through natural processes will continue to support plant growth without the need to
add fertilizer, and the root structure of maturing plants and theldgical activity of the media will

maintain sufficient longerm permeability.

The following is the recommended composition of the three media ingredients:

A Sand (Fine Aggregate$and should consist of silibased medium to coarse sand and be angular or
round in shape. The materials shall not be derived from serpentine, shall be free of surface coatings
or any other deleterious materials, and shall contain less than 0.5% mica by weight when tested
with ASTM C295, Standard Guide for Petrographic Examiratidggregates for Concrete.



ASTM €33 concrete sand will typically meet the requirements for the sand to be used in filter
media. However, some samples of AST8BGand may have too high a fraction of fine sand and
silt- and claysized particles to medhe final filter media particle size distribution requirements. In
general, coarser gradations of ASTRwill better meet the filter media particle size distribution
and hydraulic conductivity requirements.

Any other materials, such as manufactured damestonebased sands, or crushed glass, shall
meet the required particle size distribution (of final filter media mixture) and be demonstrated as
adequately durable when tested by AASHTID3 or F104.

A Loam SoilLoam soil is generally defined as ttmmbination of sangized material, fines (silt and
clay), and any associated soil organic matter. Since the objective of the specification is to carefully
establish the proper blend of these ingredients in the final filter media, the designer (or camtract
or materials supplier) must carefully select the topsoil source material so as not exceed the amount
of any one ingredient.

Generally, a natural loamy sand, sandy loam, or loam (per the USDA Textural TridmgiedA

topsoil free of subsoil, largganes, earth clods, sticks, stumps, clay lumps, roots, viable noxious
weed seed, plant propagules, brush, or other objectionable, extraneous matter or debris is suitable
for the loam soil source material.

A Organic AmendmentsOrganic amendments shall cortsié stable, wellcomposted, natural,
carboncontaining organic materials such as leaf mulch, peat moss, humus, or yard waste
(consistent with the material specifications found in Appendix C Soil Compost Amendment
Requirements). The material shall be fifedebris such as plastics, metal, concrete, stones larger
than %2 inch, larger branches and roots, and wood chips over 1 inch in length or diameter.

Complete Filter Media

The complete filter media shall consist of a pug milled or mechanically blended thixthree source
materials. Mixing the filter media on site with excavation or loading equipment is not sufficient to
achieve the required blending. The resulting filter media must meet the following particle size
composition:

T 80%c90%sand
1 10%c20%silt and clay
1 Maximum 10@aoclay

The particle size analysis must be conducted on the mineral fraction only or follappngpriate
treatments to remove organic matter before particle size analysis. Note: The above percentages are
based on weight rather than volume.

Additionally, the final filter media mix must either meet the grain size distribution indicat&dbie 44,

or have a saturated hydraulic conductivity of 2 to 6 inches per hour according to test procedure ASTM
D2434 when compacted (at 60% to 80% optimum nuoéstontent) to a minimum of 86% of the
maximum density as determined by AASHTO T 99 (ASTM, 2006).



Table 4. Filter media grain size distribution.

Sieve Type Particle Size (mm) Percent Passing (%)
- 8.0 100
No. 5 4.0 92¢100
No. 10 2.0 72¢100
No. 18 1.0 43¢95
No. 35 0.5 20¢65
No. 60 0.25 11¢37
No. 140 0.105 10¢25
No. 270 0.053 1020
- 0.002 0gl10

The filter media shall also meet the following criteria (see summanRakie 45):

9 Organic content shall be between 3.0% and 5.0% by weight;
1 pH shall be between 6.0 and 7.5;
9 Cation exchange capacity (CEC) shall be a minimum of 5 meqg/100gleflgn
1 Phosphorus content shall meet one of the following:
0 P-Index between 10 and 30;
0 15 mg/kg Mehlich | Extraction;
0 18 to 40 mg/kg Mehlich Il Extraction; and
1 Soluble salts shall be less than 500 ppm or less than 0.5 mmhos/cm.

Notes:

1. P-Index is an agronomic test used in North Carolina to indicate the potential for P leaching from soil.
The test method has been revised to add P concentration to facilitate kiwadsting. The value of
the RIndex is the correlation between the CEC and P concentrations: higher CEC indicates greater
adsorption sites within the media, thus increasing the ability to fix P within the solil, thereby allowing
higher P concentrations wibut leaching. While dhdex may be a better overall representation of P,
the test method may not be readily available.

Tests for organic content, CEC, soluble salts, and pH are referenced to be in accordance with
Recommended Soil Testing Procedures ftbenSoutheastern United States, Current Edition,
Southern Cooperative Series Bulletin No. 419. Use the following testsSoothern Cooperative
Series Bulletin No. 419:

(a) Test for soil content by loss of weight on ignition

(b) Test for soil CEC by exchangeable acidity method

(c) Test for soluble salts shall be by the 1:2 (v:v) soil:water Extract Method
(d) Test for pH by the SMP method



Table 45. Summary of filter media criteria for bioretention.

Filter Media Criterion Description Standard(s)
80%90% sand;

10%20% soil fines;
maximum of 10% clay; and
3%5% organic content

Filter media must have the
proper proportions of sand
loam soil, and organic
General Composition amendments to promote
plant growth, drain at the

) Must meet final filter media grain size
proper rate, and filter

distribution OR have a saturated hydrauli

ollutants. . .
pofi conductivity of 26 inches per hour
sand Medium to coarse Based on final filter media gragize
aggregate distribution
. L I .
Loam Saoil IO(;?;ny sand, sandy loam, { USDA Textural Triangle

Stable, welcomposted,
natural, carborcontaining
Organic Amendments organic materials such as | Appendix C
leaf mulch, peat moss,
humus, or yard waste.
Filter media with high P
levels will export P through

P-Index of 1@30 or

P-Index orPhosphorus (P) the media and potentially P content = 615 mg/kg (Mehlich 1) or
Content to downstream .
. 18¢40 mg/kg (Mehlich 1)
conveyances or receiving
waters.

The CEC is determined by
the amount of soil fines
CationExchange Capacity (CEC] and organic matter. Highey CEC > 5 milliequivalents per 100 grams
CEC will promote pollutant
removal.

Soil pH influences nutrient
pH availability and microbial | Between 6.0 and 7.5
populations.

Filter media with high
Soluble Salts levels of soluble salts can
injure or kill plants.

Less than 500 ppm or less than 0.5
mmhos/cm.

In cases where greater removal of specific pollutants is desired, additives with documented pollutant
removal benefits, such as water treatment residuals, alum, iron, or other materials, may be included in
the filter media if accepted byown of Bluffton

Filter Media Depth

The filter media bed depth must be a minimum of 18 inches for the No Underdrain or Standard designs.
The media depth must be 24 inches or greater for the IWS ddsignder to receive the full credit for
bacteria removal a minimum medi RS LJI K 2 F @he énedia deptNBuptdait dkBeRA5.0




feet. Turf, perennials, or shrubs should be used instead of trees to landscape shallower filter beds. See
Tale 47 and Table 48 for a list of recommended native plants.

Surface Cover
Mulch is the recommended surface cover material, but other materials may be substituted, as described
below:

A Mulch. A 2 to 3-inch layerof mulch on the surface of the filter bed enhances plant survival,
suppresses weed growth, pretreats runoff before it reaches the filter media, and prevents rapid
evaporation of rainwater. Shreddddirdwoodbark mulch, aged for at least 6 months, is
recommended/required for surface cover, as it retains a significant amount of pollutants and
typically will not float away. The maximum depth of the mulch layer is 3 inches.

A Alternative to Mulch CoverIn some situations, designers may consider alternative sardavers,
such as turf, native groundcover, erosion control matting (e.g., coir or jute matting), river stone, or
pea gravel. The decision regarding the type of surface cover to use should be based on function,
expected pedestrian traffic, cost, and mantnce. When alternative surface covers are used,
methods to discourage pedestrian traffic should be considered. Stone or gravel are not
recommended in parking lot applications, since they increase soil temperature and have low water
holding capacity.

A Media for Turf CoverOne adaptation suggested for use with turf cover is to design the filter media
primarily as a sand filter with organic content only at the top. Compost, as specified in Appendix C
Soil Compost Amendment Requirements, tilled into the tyets will provide organic content for
the vegetative cover. If grass is the only vegetation, the ratio of organic matter in the filter media
composition may be reduced.

Choking Layer
A 2to 4-inch layer of choker stone (e.g., typically ASTM D448 NoN®. 89 washed gravel) should be

placed beneath the filter media and over the underdrain stone.

Geotextile

If the available head is limited, or the depth of the practice is a concern, geotextile fabric may be used in
place of the choking layebut is nd recommended unless design considerations govAmappropriate
geotextile fabric that complies with AASHT@E2BB Class 2, latest edition, requirements, and has a
permeability of at least an order of magnitude (10 times) higher than the soil subgraneability

must be used. Geotextile fabric may be used on the sides of bioretention areas as well.

Underdrains

Many bioretention designs will require an underdrain (see SeectiBriBioretention Feasibility Criteria).

The underdrain should be a dr 6-inch perforated schedule 40 PVC pipe, or equivalent corrugated

HDPE for small bioretention BMPs, with three or four ra#3/8-inch perforations at 6 inches on

center. The underdrain must be encased in a layer of clean, double washed ASTM D448 No.57 or smaller
(No. 68, 8, or 89) stone. The maximum depth of the underdrain stone layer combined with the choking
layer is 12 inlges, and it cannot extend beyond the surface dimensions of the bioretention filter media.

The underdrain must be sized so that the bioretention BMP fully drains within 72 hours or less.

Multiple underdrains may be necessary for bioretention areas widan #0 feet, and each underdrain
is recommended to be located no more than 20 feet from the next pipe or the edge of the bioretention.



For long and narrow applications, a single underdrain running the length of the bioretention is sufficient.
Each underdra must include a cleanout pipe (minimum 4 inches in diameter).

All bioretention practices should include at least one observation well and/or cleanout pipe (minimum 4
inches in diameter). The observation wells should be tied into any of the Ts or Ysumd#rerain
system and must extend upward above the surface of the bioretention area.

Internal Water StoragdIWS)

In cases where limited head is a site constraint and the bioretention must be designed to be relatively
shallow (e.g., depth to groundwateelatively flat sites, or other factors), or where increased nitrogen
removal is desired, aimternal water storagelesignthat creates an infiltration sump below the
underdrain can be used. The internal water storage zone may be created by an uptlroedrethe
underdrain, a weir in the outlet structure, or other means that create a permanently saturated depth
above the underdrain. The internal water storage zone must be kept at least 12 inches below the
surface of the bioretention aredor more inbrmation on this design consult North Carolina Stormwater
Design Manual ChapterZ (NCDEQ, 2017)

Observation Wells

All bioretention practices must include at least one observation well consisting of-aneslored, 4to

6-inch diameter PVC pipe (s€@ure 47). For standard and IWS bioretention designs, the-non

perforated observation wells should be tied into any of the Ts or Ys in the underdstéémssind must
extend upward above the ponding level. These observation wells can also double as cleanouts.
Observation wells for bioretention designs without underdrains should be perforated in the gravel layer
only and also must extend upward to the topponding.

EXTEND CLEANOUT/
OBSERVATION WELL
ABOVE PONDING
ELEVATION.

Al m "
i ",‘" I w’ Wl A1
[ —TT ﬂ AL AL

e '7[f| == =l H T

T
=
lI=li=ll=]l=4

PERFORATED
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RESERVOIR LAYER ONLY

Figure 47. Example design of a bioretention with an observation well/cleanout device.




Underground Storage Layer (optional)

For IWS bioretention designs, an underground storage layer consisting of chambers, perforated pipe,
stone, or other acceptable material can be incorporated below the filter media layer and underdrain to
increase the storage for larger storm events. Unthe underdrain stone layer, this storage layer can be
extended beyond the surface dimensions of the bioretention filter media if additional storage volume is
needed. The underground storage layer may be designed to provide detention far tth@5-year, or
100-year storms, as needed. The depth and volume of the storage layer will depend on the target
storage volumes needed to meet the applicable detention criteria. Suitable conveyance must also be
provided to ensure that the storage is fully utilized with overflow of the bioretention area.

Impermeable Liner (optional)

An impermeable liner is not typically required, although it may be utilized for Standard designs in fill
applications where deemed necessary by a geotechnical investigation, on siteniéminated soils,

or on the sides of the practice to protect adjacent structures from seepage. Use a PVC geomembrane
fAYSNI 2NJ SljdzZA @€ Syid 2F Fy FLILINRPLINAIFIGS GKAOlySaa o
seams mustbe sealedaccofdd (12 GKS f AYSNI YI ydzF I Of-dxhwednpof a LISOA T
material is required at all seams.

Material Specifications
Recommended material specifications for bioretention areas are sho®rmran! Reference source not
found..




Table 46. Bioretention material specifications.

Material Specification Notes
Minimum depth of 24 inches (18 inches for
standard design).

Filter Media A SeeTable 45andTable 46 To account for settling/compaction, it is
recommended that 110% of the plan volun
be utilized.

Mulch Layer | Use agedshredded hardwood bark mulch ITay a 210 3Hinch layer on the surface of the
filter bed.

Alternative Use river stone or pea gravel, coir and jute Lay a 2to 3-inch layer of to suppress weed

Surface Cover

matting, or turf cover.

growth.

Loamy sand or sandy loam texture, with less th

T il for . . .
OpsoltTo 5% clay content, pH corrected to between 6 an¢ 3-inch tilled into surface layer.
Turf Cover ;
7, and an organic matter content of at least 2%.
An appropriate geotextiléabric that complies Can use in place of the choking layer wher
with AASHTO M288 Class 2, latest edition, the depth d the practice is limited.
Geotextile requirementsand has a permeability of at least | Geotextile fabric may be used on the sides
or an order of magnitude (10 times) higher than th| of bioretention areas as well.

Choking Layer

soil subgrade permeability must be used

Lay a 2to 4-inch layer of choker stone (e.g., typi
underdrain stone.

cally No.8 or No.89 washed gravel) over the

Underdrain
Stone

1-inchdiameter stone must be doubl@ashed
and clean and free of all fines (e.g., ASTM D44

No. 57 or smaller stone).

At least 2 inches above and below the
underdrain.

Storage Layer

To increase storage for larger storm events, chambers, perforafe] ptone, or other

(optional) acceptable material can be incorporated below the filter media layer.

Impermeable . . . . .

Lini:r Where appropriate, use a PVC Geomembrane liner or equivalent material of an appropriate
. thickness.

(optional)

Underdrains,
Cleanouts, and

Use 4 or 6-inch rigid schedule 40 PVC pipe, or
equivalent corrugated HDPE for small
bioretention BMPswith three or four rows of
3/8-inch perforations at 6 inches on center.
Multiple underdrains may be necessary for

Lay the perforated pipe under the length of
the bioretention cell and install nen
perforated pipe as needed to connect with
the storm drain system or to daylight in a

Observation . . . auloAftAl SR O2ygSel
bioretention areas wider than 40 feet, and each . y . y
Wells o needed, depending on thenderdrain
underdrain is recommended to be located no . . .
. configuration. Extend cleanout pipes to the
more than 20 feet from the next pipe or the edg .
. . surface of ponding.
of the bioretention.
. . . . Establish plant materials as specified in thg
Plant See Sectiod.3.5Bioretention Landscaping .p P
. . landscaping plan and the recommended
Materials Criteria

plant list.




Signage
Bioretention units in highly urbanized arestsould be stenciled or otherwise permanently marked to

designate it as a structural BMP. The stencil or plaque should indicate (1) its water quality purpose, (2)
that it may pond briefly after a storm, and (3) that it is not to be disturbed except foriredu
maintenance.

Specific Design Issues for Streetscape Bioretentioi2)B

Streetscape bioretention is installed in the road rigiftway either in the sidewalk area or in the road

itself. In many cases, streetscape bioretention areas can also senagfasaalming or streefparking

control devices. The basic design adaptation is to move the raised concrete curb closer to the street or
in the street, and then create inlets or curb cuts that divert street runoff into depressed vegetated areas
within the right-of-way. Roadway stability can be a design issue where streetscape bioretention
practices are installed. Designers should consult design standards pertaining to roadway drainage. It
may be necessary to provide an impermeable liner on the «gidd ofthe bioretention area to keep

g GSNI FNRY &l ( da¥asdl StyedscapekbBretdididn R hé PROAZShould comply with
State Department of Transportation requirements, where applicable.

Specific Design Issues for Engineered Tree Box&s (B

Engireered tree boxes are installed in the sidewalk zone near the street where urban street trees are
normally installed (se€igure 48). The soil volume fahe tree pit is increased and used to capture and

treat stormwater. Treatment is increased by using a series of connected tree planting areas together in a
row. The surface of the enlarged planting area may be mulch, grates, permeable pavers, or coaventi
pavement. The large and shared rooting space and a reliable water supply increase the growth and
survival rates in this otherwise harsh planting environment. Engineered tree boxes in the PROW should
comply with State Department of Transportation regumnents, where applicable.

When designing engineered tree boxes, the following criteria may apply.

1 Engineered tree box designs sometimes cover portions of the filter media with pervious pavers
or cantilevered sidewalks (s&ggure 49). In these situations, the following design
considerations must be incorporated:

o The filter media must be connected beneath the surface so that stormwater and tree
roots can share this space.

o0 As with all bioretention areas, a minimum surface ponding depth of 3 inches, averaged
over the surface area of the bioretention area, is required. For example, if the additional
surface area under the pavement doubles the overallaefarea, then the ponding
depth will need to be at least 6 inches.

0 Sand based structural soil (SBSS) may be considered as bioretention filter media if it
meets the same phosphorus content limits. However, if the SBSS is to be compacted
beyond the State 8ty R NR&a Q YIF EAYdzy O2YLI OlGAz2y F2NJ 0A?Z
a porosity of 0.10. The State Standards call for bioretention soil to be compacted to 84%
maximum dry density while SBSS is to be compacted to 93%.

1 Installing an engineered tree pit grateer filter bed media is one possible solution to prevent
pedestrian traffic and trash accumulation.



1 Low, wrought iron fences can help restrict pedestrian traffic across the tree pit bed and serve as
a protective barrier if there is a drepff from the pavenent to the micrebioretention cell.

A removable grate may be used to allow the tree to grow through it.

Each tree needs a minimum rootable soil volume as described in Sdctibhree Planting and
Preservation.

1 See Sectiord.14.24.14.2Planting Trees for further guidance and requirements on tree planting.

Figure 48. Example design of a tree box.

























































































































































































































































































































































































































































































































































































































































