Chapter 4 Stormwater Best Management Practices (BMPs)
Standard Stormwater BMP Design Sections

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

e 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

Following these criteria is the criteria to credit fi nefit the use of conservation areas and

open space preservation.

Format of Standard Stormwater BMP Desi
BMP performance criteria are based
BMPs.

design factors to ensure effective and long-lived

For each BMP, the followin

e General Feasibij

e Conveyance

e Pretreatment

e Design and Sizing

e Landscaping

e Construction Sequencing
e Maintenance

e Stormwater Compliance Calculations

Design components that differ from these specifications, but meet their intent, may be included at
<local jurisdiction>'s discretion.

Standard Nomenclature

In this chapter, and throughout the guidebook, the terms, must or shall, denote required aspects of
BMPs or their design and implementation. The term, should, denotes a recommendation, however,
justification may be necessary for design or implementation that does not correspond to certain
recommendations.
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Summary of BMPs Stormwater Management Capabilities, Site Applicability, and Site

Conditions/Physical Feasibility
Stormwater management requirements for a given site vary based on the site’s location, and minimum
control requirements discussed in detail in Section 3.5.

Stormwater Retention and Water Quality Treatment
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 treatment equally, 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 retention value (SWRv) rates are expressed as a
percentage of the storage volume provided by the BMP. Calculations for determining storage volume
are included in each BMP’s specifications. Each BMP’s performance on the water quality parameters of
total suspended solids, nitrogen and bacteria are also included in the summary table. Note that
many BMPs whose main purpose is water quality treatment typic not have enough volume
control to manage larger storm events.

Site Applicability
Certain BMPs are more appropriate than others in cert
applicability for each BMP for the following factors:

. Table 0.1 describes the site

anagement practice is typically

Suburban Use: This column indicates e stormwater management practice is typically
y development sites.

Urban Use: This column identifies t FManagement practices that are typically suited for
use in urban and ultra-urbz pace is at a premium.

Construction Cost: Thi es the relative construction cost of each of the stormwater

management practices.

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

Table 0.1 Site Applicability for BMPs

BMP Rural Use |Suburban Use| Urban Use | Construction Cost 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 Low-Medium Medium
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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

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 BMP. Table 0.2 includes the feasibility factors listed below.

Contributing Drainage Area (CDA): Volume of water received by a practice can affect BMP performance.
This column indicates the contributing drainage areas that typically apply for each BMP.

e performance of the BMP. It
installed.

Slope: This column describes the influence that site slope can have
indicates the maximum or minimum slope on which the BMP sho

ates the minimum distance that
agement practice and the top of the

ils (i.e., hydrologic soil groups) can have

Minimum Minimum Depth .
BMP Soils
Head to Water Table
Bioretention Up to 5% 2.5 -4 feet 0.5 feet All soils?
Up to
Permeable
practice s Up to 5% 2 — 4 feet 0.5 feet All soils?
Pavement
area
Must drain
Infiltration p to 5 acres Up to 5% 2 — 4 feet 0.5 feet within 72
hours
Green Roof Greenroofarea+ |\ it N/A N/A N/A
25%
Rainwater . -
. No limit No limit N/A N/A N/A
Harvesting
Up to 1,000 ft?
Disconnection P Up to 5% N/A N/A All soils
per downspout
Open Channels Up to 5 acres Up to 5% 1-2feet 0.5 feet All soils
Filtration Up to 10 acres Up to 5% 2 — 4 feet 0.5 feet All soils
Dry Ponds No limit Up to 15% 4 — 8 feet 0.5 feet All soils
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Greater than 10

Slow-draining

Wet Ponds R Up to 15% 4 -8 feet No limit .
acres soils preferred
Greater than 10 Slow-drainin
stormwater ! Up to 15%’ 25 feet No limit w-draining
Wetlands acres soils preferred

ICDA can be smaller if practice intersects the water table.

2Check dams may be necessary to create sufficient ponding volume.
3Slow-draining soils may require an underdrain.

57| Page




4.1 Bioretention

Bioretention

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 matter. Filtered runoff may be collected
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
= Urban TSSt Total N2 Bacteria®?
= Suburban Small to Large 80% 45-65% 55%
" Rural Runoff Reductions
Construction Costs Maintenance Burden Volume
Moderate Moderate Moderate

Maintenance Frequency:

Routine Non-Routine Enhanced Design
Quarterly Every 2-3 years 100% of Sv
Advantages/Benefits Disadvantages/Limitation

= Easily incorporated into new development

= High community acceptance

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

CDAis 1to 2.5 acres
retreatment to prevent clogging
s detailed landscape planning

Not appropriate for steep slopes

Components

= Pretreatment

= Conveyance system
= Ponding area

= Soils/Filter Media
= Observation Well/MGo
= Plants

Design considerations

Maximum ponding depth 18 inches

Planting bed depths between 18-36 inches

Depth to seasonal high water table must be at

least 6 inches

= Must infiltrate within 72 hours unless designed
with internal water storage

= Underdrain system may be needed

Maintenance Activities

= Mow turf cover periodically
= Replace mulch as needed to maintain depth of
mulch

= Replace plant material, as needed
= Replace soil if it becomes clogged
= Clean conveyance system(s)

L expected annual pollutant load removal

2 In order to receive the full credit for nitrogen removal internal water storage is required.
3 In order to receive the full credit for bacteria removal a minimum media depth of 24” is required.
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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
management practices that can be used to reduce post-construction stormwater runoff rates, volumes,
and pollutant loads. They also provide a number of other benefits, including improved aesthetics,
wildlife habitat, urban heat island mitigation, and improved air quality. See Figure 0.1 for an example
image.

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 into the 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 detention of larger storms (e.g.,
2 - 50-year), but in some circumstances that may be possible. Bioretention practices should generally be
combined with a separate facility to provide those controls.

ST TR | i
" ) S f

Figure 0.1 Bioretention in Parking Lot
Photo: Center for Watershed Protection

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 matter. Filtered runoff may be collected and
returned to the conveyance system or allowed to infiltrate into the soil. Design variants include the
following:
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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)

Bioretention systems are typically not designed to provide stormwater detention of larger storms (e.g.,
2 - 50-year), but they may be in some circumstances. Bioretention practices shall generally be combined
with a separate facility to provide those controls.

There are three different types of standard bioretention design configurations:

= Standard Designs (with underdrain). Practices with a standard u
inches of filter media depth (see Figure 0.2).

drain design and at least 18

= Standard Design (with internal water storage). Practices
with standpipe and bottom drain.

drain that is piped to a sump

= Enhanced Designs (with or without underdrain). Piacti underdrains that contain at least 24
inches of filter media depth and an infiltration sump
can infiltrate the design storm volume withi igure 0.).

The particular design configuration to be imple
conditions and the characteristics of the underlyi
chapter.

criteria are further discussed in this
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Figure 0.2 Example of standard bioretention design.
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Figure 0.6 Example of streetscape bioretention
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4.1.1 Bioretention Feasibility Criteria

Bioretention can be applied in most soils or topography, since runoff 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 feasibility of using 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 bioretention ponding depth.

Site Topography. Bioretention can be used for sites with a variety of topographic conditions, but is best
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 constraine the invert elevation of the
existing conveyance system to which the practice discharges (i.e., ottom elevation needed to tie

do determine whether an underdrain is needed. Underdrains may be required if the measured
permeability of the underlying soils is less than 0.3 inches per hour. When designing a bioretention
practice, designers must verify soil permeability by using the on-site soil investigation methods provided
in Appendix B for Geotechnical Information 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 area (B-1) is
2.5 acres and can consist of up to 100% impervious cover. The CDA for smaller bioretention practices (B-
2, B-3, B-4, and B-5) is a maximum of 1 acre. However, if hydraulic considerations are adequately
addressed to manage the potentially large peak inflow of larger CDAs, such as off-line or low-flow
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diversions, or forebays, there may be case-by-case instances where the maximum CDAs can be adjusted.
Table 0.3 summarizes typical recommendations for bioretention CDAs.

Table 0.3 Maximum Contributing Drainage Area to Bioretention

. . . . Maximum Contributing Drainage Area
Bioretention Type Design Variants . .
(acres of impervious cover)
Standard B-1 2.5
Small-scale bioretention B-2, B-3, B-4, and B-5 1.0

Pollutant Hotspot Land Uses. Bioretention may not be an appropriate stormwater management
practice for certain pollutant-generating sites. In areas where higher pollutant loading is likely (i.e. oils
and greases from fueling stations or vehicle storage areas, sediment f un-stabilized pervious areas,
or other pollutants from industrial processes), appropriate pretre t, such as an oil- water separator

Bioretention can still be used to treat parts of th e outside of the hotspot area. For instance,
roof runoff can go to bioretention while vehicular me areas would be treated by a more
appropriate hotspot practice.

No Irrigation or Baseflow. The p aarea should not receive baseflow, irrigation water,
chlorinated wash-water or ap
of the bioretention area, 4
gardens or bioretentiofipractices mayibe inCorporated into the design of a Rainwater Harvesting System
(See Section 4.5).

Setbacks. To avoid the risk o age, 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 should be located at least:

e 10 feet from building foundations*

o 10 feet from property lines

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

*For building foundations, where the 10-foot setback is not possible, an impermeable liner may be used
along the sides of the bioretention area (extending from the surface to the bottom of the practice) to
prevent seepage or foundation damage.
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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 commonplace 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:

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

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

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

o If utility functionality, longevity, and vehicular access to m

les can be assured, accept the

Note: When accepting utility conflict into the bioretentio n and design, it is understood the
bioretention will be temporarily impacted duringutili t the utility owner will replace the
bioretention or, alternatively, install a functiona etention according to the
specifications in the current version of this guide etention is located in the PROW, the
bioretention restoration will also conf ith the e of South Carolina Department of

actices may be subject to higher public visibility,
greater trash loads, pedestui i alism, and even vehicular loads. Designers should design

t minimize, such impacts. In addition, designers should
equent landscaping maintenance to remove trash, check for
clogging, and maintain viggo ion. The urban landscape context may feature naturalized
landscaping or a more forma i8n. When urban bioretention is used in sidewalk areas of high foot
traffic, 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 short-cutting across
the practices.

When bioretention will be included in public rights-of-way or spaces, design manuals and guidance
developed by agencies or organizations other than <local jurisdiction> may also apply (e.g., State
Department of Transportation).

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

4.1.2 Bioretention Conveyance Criteria
There are two basic design approaches for conveying runoff into, through, and around bioretention
practices:
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1. Off-line: Flow is split or diverted so that only the design storm or design flow enters the bioretention
area. Larger flows bypass the bioretention treatment.

2. On-line: All runoff from the CDA flows into the practice. Flows that exceed the design capacity exit
the practice via an overflow 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 off-line so that flows do not overwhelm or damage the practice.

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

= 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 past the facility. 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 desig nfiguration, an overflow
structure in the bioretention area is not required.

= Utilize a low-flow diversion or flow splitter at the inlet to al e design storm volume (i.e.,
the SWRv) to enter the facility (calculations must be ma the peak flow from the 85
or 95" percentile storm). This may be achieved with r orifice for the target
flow, in combination with a bypass channel or pipe r or curb opening helps minimize

clogging and reduces the maintenance frequency. Wi design configuration, an overflow
structure in the bioretention area is requireg i ioretention below).

On-line Bioretention. An overflow structure mu
larger storms through the bioretention area (see Figusé’0.7). The following criteria apply to overflow
structures:

=  An overflow shall be provided O pass storms greater than the design storm

storage to a stabilized water cou portion of larger events may be managed by the bioretention
area so long as the ma ponding in the bioretention cell does not exceed 18 inches.

=  The overflow devige noff'to a storm sewer, stream, or the existing stormwater
conveyance infrastr urb and gutter or an existing channel.

=  Common overflow syste bioretention practices consist of an inlet structure, where the top
of the structure is placed atthe maximum ponding depth of the bioretention area, which is typically
6 to 18 inches above the surface of the filter bed.

= The overflow device should be scaled to the application. This may be a landscape grate or yard inlet
for small practices or a commercial-type structure for larger installations.

= At least 3 to 6 inches of freeboard must be provided between the top of the overflow device and the
top of the bioretention area to ensure that nuisance flooding will not occur.

=  The overflow associated with the 2 - 50-year design storms must be controlled so that velocities are
non-erosive (generally less than 6 feet per second) at the outlet point, to prevent downstream
erosion.
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ecessary to trap coarse sediment particles before

ment measures must be designed to evenly

ion area. Several pretreatment measures are

feasible, depending on the etention practice and whether it receives sheet flow, shallow
: ows. The following are appropriate pretreatment options:

Standard Bioretention (B=1

= Pretreatment Cells (for cha flow). Similar to a forebay, this cell is located at piped inlets or curb
cuts leading to the bioretention area and consists of an energy 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 length-to-width ratio. The cell may be formed by a wooden or
stone check dam or an earthen 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 pretreatment cell must de-water
between storm events. It cannot have a permanent ponded volume.

= Grass Filter Strips (for sheet flow). Grass filter strips that are perpendicular to incoming sheet flow
extend from the edge of pavement, with a slight drop at the pavement edge, 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 5-foot grass filter strip can be used at a maximum 5% (20H:1V) slope.

= Stone Diaphragms (for 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 2- to 4-inch drop from
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the pavement edge to the top of the stone. The stone must be sized according to the expected rate
of discharge.

= Gravel or Stone Flow Spreaders (for concentrated flow). The gravel flow spreader is located at curb
cuts, downspouts, or other concentrated inflow points, and should have a 2- to 4-inch elevation
drop from a hard-edged surface into a gravel or stone diaphragm. The gravel must extend the entire
width of the opening and create a level stone weir at the bottom or treatment elevation of the
basin.

=  Filter System (see Section 4.8 Filtering Systems). If using a filter system as a pretreatment facility,
the filter will not require a separate pretreatment facility.

= Innovative or Proprietary Structure. An approved proprietary structure with demonstrated
capability of reducing sediment and hydrocarbons may be used to provide pretreatment. Refer to
Section O Proprietary Practices for information on approved proprietary structures.

Other pretreatment options may be appropriate, but they must trap
evenly spread runoff across the entire width of the bioretention ar,

se sediment particles and

Small-Scale Bioretention (B-2, B-3, B-4, and B-5)

= Leaf Screens. A leaf screen serves as part of the gut

=  Grass Filter Strips (for sheet flow) i s are applied on residential lots, where the lawn
in garden.

= Stone Diaphragm (for either s
downspout or other concen flow pomt should run perpendlcular to the flow path to

ilter bed or across curb cuts to allow trash to collect in specific
nce easier.

pretreatment cell and the
locations and make mainten

4.1.4 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 short-circuited. So that the
bioretention area to have an acceptable 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 filter surface area.

Inlets and Energy Dissipation. Where appropriate, the inlet(s) to streetscape bioretention (B-2),
engineered tree boxes (B-3), and stormwater planters (B-4) should be stabilized using No. 3 stone,
splash block, river stone, or other acceptable energy dissipation measures. The following types of inlets
are recommended:
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= Downspouts to stone energy dissipators.

= Sheet flow over a depressed curb with a 3-inch drop.

=  Curb cuts allowing runoff into the bioretention area.

= Covered drains that convey flows across sidewalks from the curb or downspouts.
= Grates or trench drains that capture runoff from a sidewalk or plaza area.

= Drop structures that appropriately dissipate water energy.

Inlets must be designed with sufficient width and slope to avoid unintended 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 the BMP). 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, ility and survival of plants, and

erosion and scour of side slopes. This is especially true where areas are built next to
sidewalks or other areas were pedestrians or bicyclists tra ng depths (typically 6 to
12 inches) are recommended for streetscape bioretenti ineered tree boxes (B-3), and

stormwater planters (B-4).

Side Slopes. Traditional bioretention areas (B- dhresident
constructed with side slopes of 3H:1V or flatter. W pastrained areas, a drop curb design or a

precast structure can be used to create a_stable, vartiealsi Il. These drop curb designs should not
exceed a vertical drop of more than

etc. are included.

Filter Media. The filter media of a bi ntion practice consists of an engineered soil mixture that has
been carefully blended tagre a fi ia that maintains long-term permeability while also

mixture of medium to cos m soil, and an organic amendment (compost). The sand
maintains the desired permeahili he media while the limited amount of loam soil and organic
amendments are considered adeguate to 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 the biological activity of
the media will maintain sufficient long-term permeability.

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

= Sand (Fine Aggregate). Sand should consist of silica-based 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 Examination of Aggregates for Concrete.

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

Any other materials, such as manufactured sand, limestone-based 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 AASHTO T-103 or T-104.

= Loam Soil. Loam soil is generally defined as the combination of sand-sized 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 contractor
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 Triangle) A-horizon
topsoil free of subsoil, large stones, earth clods, sticks, stumps, clay lumps, roots, viable noxious
weed seed, plant propagules, brush, or other objectionable, extrangous matter or debris is suitable
for the loam soil source material.

=  Organic Amendments. Organic amendments shall consist o ell-composted, natural,

carbon-containing organic materials such as leaf mulch,
(consistent with the material specifications found in
Requirements). The material shall be free of debri

mix of the three source materials. Mixing the filté
is not sufficient to achieve the required blending.
particle size composition:

= 80%—90% sand
= 10%—20% silt and clay

=  Maximum 10% clay,

The particle size analysis mU
treatments to remove orga

ducted on the mineral fraction only or following appropriate
atter 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 indicated in
Table 0.4, 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 moisture content) to a
minimum of 86% of the maximum density as determined by AASHTO T 99 (ASTM, 2006).

Table 0.4 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
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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 10-20

- 0.002 0-10

The filter media shall also meet the following criteria (see summary in Table 0.5):

=  QOrganic content shall be between 3.0% and 5.0% by weight;

= pH shall be between 6.0 and 7.5;

= Cation exchange capacity (CEC) shall be a minimum of 5 meqg/100g or cmol+/kg;

=  Phosphorus content shall meet one of the following:

e P-Index between 10 and 30;

e 5to 15 mg/kg Mehlich | Extraction;

e 18 to 40 mg/kg Mehlich Il Extraction; and

= Soluble salts shall be less than 500 ppm or less than 0.

Notes:

1. P-Indexis an agronomic test used in

hos/cm.

ate the potential for P leaching from soil.
tration to facilitate local lab testing. The value of
P concentrations: higher CEC indicates greater

adsorption sites within the me
higher P concentrations wi

Tests for organic
Recommended Soil
Southern Cooperative S
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 0.5 Summary of Filter Media Criteria for Bioretention

Filter Media Criterion

Description

Standard(s)

General Composition

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

80%—90% sand;

10%—-20% soil fines;
maximum of 10% clay; and
3%—5% organic content
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Filter Media Criterion

Description

Standard(s)

proper rate, and filter
pollutants.

Must meet final filter media grain size
distribution OR have a saturated hydraulic

conductivity of 2—6 inches per hour

Medium to coarse
aggregate

Based on final filter media grain size
distribution

Sand

Loamy sand, sandy loam, or

Loam Soil
loam

USDA Textural Triangle

Stable, well-composted,
natural, carbon-containing
organic materials such as
leaf mulch, peat moss,
humus, or yard waste.

Organic Amendments Appendix C

Filter media with high P
levels will export P through
the media and potentially
to downstream
conveyances or receiving
waters.

P-Index or Phosphorus (P)
Content

Cation Exchange Capacity (CEC) EC > 5 milliequivalents per 100 grams

CEC will prom
removal.
Soi uenc
pH abili Between 6.0 and 7.5
opulati
edia wi igh
Less than 500 ppm or less than 0.5
Soluble Salts lev f soluble salts can
. ] mmhos/cm.
re Il plants.

In cases where greater remo acific pollutants is desired, additives with documented pollutant
removal benefits, such as water{reatment residuals, alum, iron, or other materials, may be included in
the filter media if accepted by <local jurisdiction>.

Filter Media Depth. The filter media bed depth must be a minimum of 18 inches for the Standard
Design. The media depth must be 24 inches or greater to qualify for the Enhanced Design, unless an
infiltration-based design is used. In order to receive the full credit for bacteria removal a minimum
media depth of 24” is required. The media depth must not exceed 6.5 feet. Turf, perennials, or shrubs
should be used instead of trees to landscape shallower filter beds. See Table 0.8 and Table 0.9 for a list
of recommended native plants.

During high intensity storm events, it is possible for the bioretention to fill up faster than the collected
stormwater is able to filter through the filter media. This is dependent upon the surface area of the BMP
(SA) relative to the CDA and the runoff coefficient (Rv) from the CDA. To ensure that the design runoff
volume is captured and filtered appropriately, a maximum filter media depth must not be exceeded (see
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Table 0.6). The maximum filter media depth is based on the runoff coefficient of the CDA to the BMP
(Rvcpa) and the bioretention ratio of BMP surface area to the BMP CDA (SA:CDA) (in percent). The Rvcpa
is an average of runoff coefficients of land cover types in the BMP’s CDA. The land cover runoff
coefficient types can be selected from Table 1.1 Runoff Coefficient Factors for Rational Method or using
the three categories established for calculating the SWRv (natural, compacted, and impervious cover).
The applicable filter media depth from Table 0.6 should be used as dmedia in Equation 0.5. Note: In the
gray cells, overflow is not likely to occur for the design storm, so no maximum filter media depth is
specified.

Table 0.6 Determining Maximum Filter Media Depth (feet)

SA:CDA Rvcoa

(%) 0.25 0.3 0.40 0.50 0.60 0.70 0.80 0.90 0.95
0.5 6.5 6.5 6.5 6.5 6.5 6.5
1.0 5.0 5.5 6.0 6.5 6.5 6.5
1.5 3.5 4.0 5.0 6.0 6.0 6.50
2.0 3.0 4.0 4.5 5.5 6.5
2.5 3.5 4.0 4.5 6.0
3.0 3.5 4. 5.5
3.5 3.5 5.0
4.0 4.5
4.5 4.0
5.0 4.0
5.5 3.5 3.5
6.0 3.0 3.5
6.5 3.0
7.0+

Surface Cover. Mulch is t ded surface cover material, but other materials may be

substituted, as described belo

= Mulch. A 2- to 3-inch layer of 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. Shredded hardwood bark 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.

= Alternative to Mulch Cover. In some situations, designers may consider alternative surface covers,
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 maintenance. 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.
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= Maedia for Turf Cover. One 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 top layers 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 2- to 4-inch layer of choker stone (e.g., typically ASTM D448 No. 8 or No. 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 layer. An appropriate geotextile fabric that complies with AASHTO
M-288 Class 2, latest edition, requirements, and has a permeability of at least an order of magnitude (10
times) higher than the soil subgrade permeability must be used. Geotextile fabric may be used on the
sides of bioretention areas as well.

e Section 4.1.1 Bioretention
chedule 40 PVC pipe, or

rows of 3/8-inch
casedinala f clean, double washed

i depth of the underdrain stone layer
d beyond the surface dimensions of

at the bioretention BMP fully drains

Underdrains. Many bioretention designs will require an underdrai
Feasibility Criteria). The underdrain should be a 4- or 6-inch perf
equivalent corrugated HDPE for small bioretention BMPs, wi
perforations at 6 inches on center. The underdrain must b
ASTM D448 No.57 or smaller (No. 68, 8, or 89) stone. T
combined with the choking layer is 12 inches, and it cann
the bioretention filter media. The underdrain m
within 72 hours or less.

Multiple underdrains may be necessary fa ider than 40 feet, and each underdrain
is recommended to be located no mg om the next pipe or the edge of the bioretention.
For long and narrow applications nning the length of the bioretention is sufficient
Each underdrain must include a cleaqout f um 4 inches in diameter).

All bioretention practice east one observation well and/or cleanout pipe (minimum 4
ould be tied into any of the Ts or Ys in the underdrain
system and must extend the surface of the bioretention area.

Upturned Elbow (optional). In© where limited head is a site constraint and the bioretention must be
designed to be relatively shallow"(e.g., depth to groundwater, relatively flat sites, or other factors), or
where increased nitrogen removal is desired, an upturned elbow underdrain design can be used. In
order to receive the full credit for nitrogen removal internal water storage is required. For more
information on this design consult North Carolina Stormwater Design Manual Chapter C-2. (NCDEQ,
2017)

Observation Wells. All bioretention practices must include at least one observation well consisting of a
well-anchored, 4- to 6-inch diameter PVC pipe (see Figure 0.8). For standard bioretention practices, the
non-perforated observation wells should be tied into any of the Ts or Ys in the underdrain system and
must extend upward above the ponding level. These observation wells can also double as cleanouts.
Enhanced bioretention practices should be perforated in the gravel layer only and also must extend
upward to the top of ponding.
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Figure 0.8 Observation well/cleanout device.

beyond the surface dimensions of t i ter media if additional storage volume is needed.
To qualify for the Enhanceg i derground storage layer must be designed to infiltrate within
72 hours. The undergrg also be designed to provide detention for the 2 - 50-year
or 100-year storms, as th and volume of the storage layer will then depend on the
target storage volumes ne€ t the applicable detention criteria. Suitable conveyance must also

be provided to ensure that the age is fully utilized without overflow of the bioretention area.

Impermeable Liner (optional). An impermeable liner is not typically required, although it may be
utilized in fill applications where deemed necessary by a geotechnical investigation, on sites with
contaminated soils, or on the sides of the practice to protect adjacent structures from seepage. Use a
PVC geomembrane liner or equivalent of an appropriate thickness (follow manufacturer’s instructions
for installation). Field seams must be sealed according to the liner manufacturer’s specifications. A
minimum 6-inch overlap of material is required at all seams.

Material Specifications. Recommended material specifications for bioretention areas are shown in
Table 0.7.
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Table 0.7 Bioretention Material Specifications

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

Filter Media u See Table 0.5 and Table 0.6 To account for settling/compaction, it is
recommended that 110% of the plan volume
be utilized.

Lay a 2- to 3-inch layer on the surface of the

Mulch Layer Use aged, shredded hardwood bark mulch . y y
filter bed.

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

Surface Cover

matting, or turf cover.

growth.

Top Soil for
Turf Cover

Loamy sand or sandy loam texture, with less than
5% clay content, pH corrected to between 6 and
7, and an organic matter content of at least 2%.

3-inch tilled into surface layer.

Geotextile
or
Choking Layer

An appropriate geotextile fabric that complies
with AASHTO M-288 Class 2, latest edition,

requirements and has a permeability of at le
an order of magnitude (10 times) higher t
soil subgrade permeability must be use

se in place of the choking layer where

Underdrain
Stone

At least 2 inches above and below the
underdrain.

Storage Layer
(optional)

Impermeable
Liner
(optional)

Underdrains,
Cleanouts, and
Observation
Wells

3/8-inch perforations at 6 inches on center.
Multiple underdrains may be necessary for
bioretention areas wider than 40 feet, and each
underdrain is recommended to be located no
more than 20 feet from the next pipe or the edge
of the bioretention.

Lay the perforated pipe under the length of
the bioretention cell, and install non-
perforated pipe as needed to connect with
the storm drain system or to daylight in a
stabilized conveyance. Install T’s and Y’s as
needed, depending on the underdrain
configuration. Extend cleanout pipes to the
surface of ponding.

Plant
Materials

See Section 4.1.5 Bioretention Landscaping
Criteria

Establish plant materials as specified in the
landscaping plan and the recommended
plant list.

Signage. Bioretention units in highly urbanized areas should be stenciled or otherwise permanently
marked to designate it as a structural BMP. The stencil or plaque should indicate (1) its water quality
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purpose, (2) that it may pond briefly after a storm, and (3) that it is not to be disturbed except for
required maintenance.

Specific Design Issues for Streetscape Bioretention (B-2). Streetscape bioretention is installed in the
road right-of-way either in the sidewalk area or in the road itself. In many cases, streetscape
bioretention areas can also serve as traffic-calming or street-parking 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 road side of the bioretention area to keep water from saturating the road'’s
sub-base. Streetscape bioretention in the PROW should comply with State Department of
Transportation requirements, where applicable.

Specific Design Issues for Engineered Tree Boxes (B-3). Engineer ee boxes are installed in the
sidewalk zone near the street where urban street trees are nor alled (see Figure 0.9). The soil
volume for the tree pit is increased and used to capture and t er. Treatment is increased

space and a reliable water supply increase the growth an al rates in this otherwise harsh planting
with State Department of
Transportation requirements, where applicable.

When designing engineered tree boxes,

must be incorporated:

e The filter media p beneath the surface so that stormwater and tree roots can

under the pavement doutbles the overall surface area, then the ponding depth will need to be at
least 6 inches.

e 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
Standards’ maximum compaction for bioretention, it shall be assigned 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%.

= |nstalling an engineered tree pit grate over filter bed media is one possible solution to prevent
pedestrian traffic and trash accumulation.

= Low, wrought iron fences can help restrict pedestrian traffic across the tree pit bed and serve as a
protective barrier if there is a drop-off from the pavement to the micro-bioretention cell.

= Aremovable grate may be used to allow the tree to grow through it.
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= Each tree needs a minimum rootable soil volume as described in Section 4.12 Tree Planting and
Preservation.

= See Section 4.12.2 Planting Trees and Figure 0.57 for further guidance and requirements on tree
planting.

EXISTING CURB AND GUTTER

ROADWAY

INLET AND PRETREATMENT

SIDEWALK

TR ‘“‘

CHOKER STONE—%:

71— &

STONE \PERFORATED
UNDERDRAIN

Figure 0.9 Example of tree box cross section.
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TO INCLUDE THIS WMEDIA IN THE BICRETEMTION
WOLUME CALCULATION, THE PONDING YOLUME
MUST EQUATE TO AN AVERAGE CF AT LEAST

37 OWER THE EMTIRE MEDIA SURFACE AREA. GREATER THAN 3" PONDING

{MINIMUKM 37 AVERAGED OVER ENTIRE MEDIA SURFACE AREA)

SIDEWALK I5TING CURB &ND GUTTER

RCabWAY

AND PRETREATMENT

disconnect and treat rooftop runoff,p a-urban areas. They consist of confined planters
that store and/or infiltrate ruaeff.i bed to reduce runoff volumes and pollutant loads. Stormwater

unoff from adjacent rooftop downspouts and are landscaped
drought and inundation. The two basic design variations for
stormwater planters are thenfi on planter and the filter planter. A filter planter is illustrated in

Figure 0.11.

An infiltration planter filters rooftop runoff through soil in the planter followed by infiltration into soils
below the planter. The minimum filter media depth is 18 inches, with the shape and length determined
by architectural considerations. Infiltration planters should be placed at least 10 feet away from a
building to prevent possible flooding or basement seepage damage.

A filter planter does not allow for infiltration and is constructed with a watertight concrete shell or an
impermeable liner on the bottom to prevent seepage. Since a filter planter is self-contained and does
not infiltrate into the ground, it can be installed right next to a building. The minimum filter media depth
is 18 inches, with the shape and length determined by architectural considerations. Runoff is captured
and temporarily ponded above the planter bed. Overflow pipes are installed to discharge runoff when
maximum ponding depths are exceeded, to avoid water spilling over the side of the planter. In addition,
an underdrain is used to carry runoff to the storm sewer system.
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Specific Design Issues for Residential Rain Gardens (B-5). For some residential applications, front,
side, and/or rear yard bioretention may be an attractive option. This form of bioretention captures roof,
lawn, and driveway runoff from low- to medium- density residential lots in a depressed area (i.e., 6 to 12
inches) between the home and the primary stormwater conveyance system (i.e., roadside ditch or pipe
system). The bioretention area connects to the drainage system with an underdrain.

The bioretention filter media must be at least 18 inches deep. The underdrain is directly connected into
the storm drain pipe running underneath the street or in the street right-of-way. A trench needs to be
excavated during construction to connect the underdrain to the street storm drain system.

Construction of the remainder of the bioretention system is deferred until after the lot has been
stabilized. Residential rain gardens require regular maintenance to perform effectively.
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BMP Sizing. Bioretention is typically sized to capture the SWRv or larger design storm volumes in the
surface ponding area, filter media, and gravel reservoir layers of the BMP.

Total storage volume of the BMP is calculated using Equation 0.1.

Equation 0.1 Bioretention Storage Volume

Sv = SAbottom X [(dmedia X nmedia) + (dgravel X ngravel)] + (SAaverage X dponding)

where:

Sv = total storage volume of bioretention (ft3)

SAbottom = bottom surface area of bioretention (ft?)

Omedia = depth of the filter media, including mulch layer (ft)

Nmedia = effective porosity of the filter media (typically 0.25)

dgravel = depth of the underdrain and under nd storage gravel layer,
including choker stone (ft)

Ngravel = effective porosity of the grav lly 0.4)

SAaverage = average surface area of bi

bioretention

SAaverage =

Aponding = maximum pon ntion (ft)

e filter media, gravel layer, or ponded water vary
or subsurface storage components (e.g.,
hambers etc ). The maximum depth of ponding

Equation 0.1 can be modified if the storage
in the actual design or with the additi
additional area of surface ponding
in the bioretention must not exceed <
with the bioretention area, S e practices should be sized using the guidance in Section 4.9
Storage Practices.

For enhanced bioretentic
designs or the entire volume J
saturated hydraulic conductivi the native soils must exceed 0.05 feet per day to qualify for the
enhanced design retention value. The depth of the infiltration sump for underdrained designs can be
determined using Equation 0.2.

Equation 0.2 Bioretention Infiltration Sump Depth

d — (Ksat X td)
sump n,
where:
dsump = depth of the infiltration sump (in.)
Ksat = field-verified saturated hydraulic conductivity for the native soils

(ft/day) (must exceed 0.1 ft/day)
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ta
ny

drawdown time (3 days)
available porosity of the stone reservoir (assume 0.4)

For non-underdrained designs, a check must be performed to ensure that the entire Sv infiltrates within
72 hours, as in Equation 0.3.

Equation 0.3 Bioretention Infiltration Rate Check

_ SAbottom (Ksat X td)

Svinfiltrate - 12

where:
S Vinfiltrate
SAbottom
Ksat

tq

top of the ponding elevation) ot be more than twice the size of the surface area of the filter media

(SAbottom)-

4.1.5 Bioretention Landscaping Criteria
Landscaping is critical to the performance and function of bioretention areas. Therefore, a landscaping
plan shall be provided for bioretention areas.

Minimum plan elements include the proposed bioretention template to be used, delineation of planting
areas, and the planting plan including the following:

= Common and botanical names of the plants used
= Size of planted materials
=  Mature size of the plants

= Light requirements
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= Maintenance requirements
=  Source of planting stock

=  Any other specifications

= Planting sequence

It is recommended that the planting plan be prepared by a qualified landscape architect professional
(e.g. licensed professional landscape architect, certified horticulturalist) to tailor the planting plan to the
site-specific conditions.

= Native plant species are preferred over non-native species, but some ornamental species may be
used for landscaping effect if they are not aggressive or invasive. Some popular native species that
work well in bioretention areas and are commercially available can be found in Table 0.8 through

Table 0.10.

The degree of landscape maintenance that can be provided will dete
for urban bioretention areas. Plant selection differs if the area wil

e some of the planting choices
equently mowed, pruned, and
e. In areas where less
erbaceous plants is a

d along with other turf

s ation Salt
Scientific Name Notes
Tolerance Tolerance
Aletris farinosa Moist soil None
Andropogon gerardii No Moderate
Aquilegia canadensis No None
Asclepias incarnata Saturated None
Asclepias lanceolata Red Milkweed OBL Wet soils Moderate
/ brackish
Aster novae-angliae New England FACW Moist soils, yes | Yes
Aster
Moist to wet
Athyrium filix-femina Lady Fern FAC soils None
Canna glauca Water Canna OBL Moist to wet None
soils
. Moist to wet
Canna flaccida Golden Canna OBL soils None
Carex stricta Tussock Sedge OBL Saturated, 0-6” | None
Chasmanthium River Oats FAC Moist soils None
latifolium
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Wetland

o . Inundation Salt
Scientific Name Common Name Indicator Notes
a Tolerance Tolerance
White Moist to wet
Chelone glabra OBL .
Turtlehead soils
Conoclinium coelestinum | Blue Mistflower FAC Moist to Wet
soils
Crinum americanum Southern Swamp | OBL Saturated
Lily
Saturated,
Dulichium arundinaceum | Threeway Sedge | OBL None
shallow
, s Creeping Saturated,
Echinodorus cordifolius OBL
f Burhead shallow
. . Saturated,
Equisetum hyemale Scouring Rush FACW
shallow
. . Moist to,
Eupatorium fistulosum Joe Pye Weed FACW Soils
Geranium maculatum Spotted FACU Soils
Geranium
Helianthus angustifolius | Swamp FACW et
Sunflower,
Narrowleaf
Sunflower
Scarlet Swam Sa ed,
Hibiscus coccineus . b OBL
Hibiscus shallow
- Saturated,
Hibiscus moscheutos Low
shallow
Saturated,
Hymenocallis caroliniana None
shallow
Iris versicolor OBL Shallow None
Juncus effuses OBL Shallow <6” Low
Liatris spicata Gayfeather, FAC Moist Soils Low
Blazing Star
Lobelia cardinalis Cardinal Flower FACW Moist to Wet None
Soils
Lobelia siphilitica Blue Lobelia OBL Moist to wet
soils
Lysimachia ciliata Fringed FACW Moist to wet
Loosestrife soils, seasonal
flooding
Mimulus ringens Allegheny OBL Saturated,
Monkeyflower shallow
Moist to wet
Onoclea sensibilis Sensitive Fern FACW

soils
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Wetland

o . Inundation Salt
Scientific Name Common Name Indicator Notes
a Tolerance Tolerance
. . Moist to wet
Osmunda cinnamomea Cinnamon Fern FACW soils Low
- Moist to wet
Osmunda spectabilis Royal Fern OBL soils None
Orontium aquaticum Golden Club OBL Up to 10”
Panicum virgatum Switch Grass FAC Moist soil Moderate
Peltandra virginica Green Arrow OBL Shallow < 1’ Low (<2
Arum ppt)

. . , Low (<3
Pontederia cordata Pickerelweed OBL Shallow < 1 opt)
Physostegia virginiana Obedient Plant FACW Moist

Great Solomon’s
Polygonatum biflorum seal FACU st soil
Starrush
Rhynchospora colorata . FACW d
Whitetop
Cutleaf
Rudbeckia laciniata uriea F Moist None
Coneflower
Sagittaria latifolia Common OBL Up o’ None
Arrowhead
Potato
Saururus cernuus Lizard’s Shallow < 4” None
Schizachyri
¢ lzacj yrum FACU Moist soil None
scoparium
Schoenoplectus Wet soil to Fresh or
. ush | OBL ) )
tabernaemontani standing water | Brackish
Solidago sempervirens FACW Yes High
Sorghastrum nutans Indiangrass FACU Moist soil Moderate
Spartina alterniflora Saltmarsh OBL Yes High
P Cordgrass &
. . Moist to wet Fresh -
Spartina bakeri Sand cordgrass FACW . )
soils Saline
. Saltmeadow . .
Spartina patens FACW Wet soils High
Cordgrass
. Powdery ,
Thalia dealbata . OBL up to 1.5 Yes
Alligator-flag
Tradescantia virginiana Virginia FAC Moist soils None
Spiderwort
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Wetland

o . Inundation Salt
Scientific Name Common Name Indicator Notes
a Tolerance Tolerance
Vernonia noveboracensis | Ironweed FACW Moist soils None

1. Wetland Indicator Notes:

FAC = Facultative, equally likely to occur in wetlands or non-wetlands (estimated probability 34%—66%).
FACU = Facultative Upland, usually occurs in non-wetlands (estimated probability 67%—99%), but occasionally

found on wetlands (estimated probability 1%—33%).
FACW = FACW Facultative Wetland, usually occurs in wetlands (estimated probability 67%—99%), but occasionally

found in non-wetlands.

OBL = Obligate Wetland, occurs almost always (estimated probability 99%) under natural conditions in wetlands

Table 0.9 Bioretention-Appropriate Plants: Shrubs and Bushes

Scientific Name

Common Name

Wetland

Indicator
1

Notes

Baccharis halimifolia

Groundsel Tree,

FAC

Salt Myrtle
Callicarpa americana Beautyberry None
sigzzl:t,;ﬁus Button Bush Low
Clethra alnifolia Summerswg Moist to wet None
0 soils
Cyrilla racemiflora Moist to wet Low
soils
Hamamelis virginiana } FACU Moist to wet None
soils
Hypericum prolificum FAC Moist soils, None
flood tolerant
llex glabra Inkbefry FACW Wet soils, flood | Moderate
tolerant
llex verticillata Winterberry FACW Moist to wet None
Holly soils
llex vomitoria Yaupon Holly FAC Moist soils Moderate
Itea virginica Virginia . FACW M?iSt to wet None
Sweetspire soils
Kosteletzkya virginica Seashore Mallow | OBL 'S\f,ﬁft towet Moderate
Lindera benzoin Spicebush FACW Seasonal None
inundation
Myrica cerifera Wax Myrtle FAC Moist to wet Moderate

soils
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Wetland .
o . Inundation Salt
Scientific Name Common Name Indicator Notes
a Tolerance Tolerance

Photinia pyrifolia Red Chokeberry FACW Moist soils Low

Rhododendron Dwarf Azalea FACW Moist soils None

canescens

Rhododendron viscosum | Swamp Azalea OBL Wet soil None
Moist to wet

Rosa carolina Carolina Rose FACU soils Moderate

Sabal minor Dwarf Palmetto FACW Moist to wet None
soils

. Moist to wet

Sambucus canadensis Elderberry FACW soils None
Occasio

Serenoa repens Saw Palmetto FACU None

Highbush
Vaccinium corymbosum & FACW
Blueberry
Viburnum dentatum Arrowwood FAC None

Table 0.10 Bioretentio

1. Wetland Indicator Notes:

found in non-wetlands.

OBL = Obligate Wetland, oc

. Trees

o Wetland Inundation Salt
Scientific Name i . Notes
Indicator Tolerance Tolerance
Seasonal
Acer rubrum Red Maple FAC . . None
inundation
Amelanchier canadensis | Serviceberry FAC Moist to wet soils | Moderate
Betula nigra River Birch FACW Moist soils None
. . American Horn- Lo .
Carpinus caroliniana FAC Periodic flooding None
beam
Celtis occidentalis Hackberry FACU Moist soils Low
. . Atlantic White .
Chamaecyparis thyoides OBL Wet soils None
Cedar
Chionanthus virginicus Fringetree FACU Moist soils None
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o Wetland Inundation Salt
Scientific Name Common Name ) q Notes
Indicator* | Tolerance Tolerance
Flowering Dog-
Cornus florida g8 FACU Moist soils None
wood
Crataegus aestivalis Mayhaw, May OBL Wet soils None
Hawthorn
Diospyros virginiana Persimmon FAC Variable moisture | Low
Gordonia lasianthus Loblolly Bay FACW Moist soils None
llex cassine Dahoon Holly FACW Moist soils Low
llex opaca American Holly FAC Wet soils Moderate
Juniperus virginiana Eastern Red Cedar FACU Low
Liquidambar styraciflua | Sweetgum FAC None
Liriodendron tulipifera Tulip Tree FAC Low

Magnolia virginiana Sweetbay, Magnolia ACW None
Nyssa aquatica Water Tupelo None
Nyssa biflora Ogeechee Moist to wet soils | None
. Black G Moist soils;
Nyssa sylvatica . Moderate
Tupelo seasonal flooding
be
Ostrya virginiana FACU Moist soils None
Ironwoo
. . Saturated soils;
Platanus occidentalis merican S¥eéamore | FACW . None
seasonal flooding
Quercus bicolor Sw hite, Oak FACW Moist to wet soils | None
Quercus lyrata Overcup Oak OBL Yes None
. . Swamp Chestnut, . .

Quercus michauxii Oak FACW Moist soils None
Quercus nuttallii Nuttall Oak FACW Extended flooding | None
Quercus pagoda Cherrybark Oak FACW None
Quercus palustris Pin Oak FACW Moist to wet soils | Low
Quercus phellos Willow Oak FACW Moist soils None
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o Wetland Inundation Salt
Scientific Name Common Name ) q Notes
Indicator* | Tolerance Tolerance

Short-term

Quercus shumardii Shumard Oak FAC . None
flooding

Sassafras albidum Sassafrass FACU Moist soils None

Taxodium ascendens Pond Cypress OBL Moist soils High
Wet soils;

Taxodium distichum Bald Cypress OBL . High
standing water

Ulmus americana American Elm FAC Moist soils Low

1. Wetland Indicator Notes:
FAC = Facultative, equally likely to occur in wetlands or non-wetlands (estimated probability 34%—66%).

bility 67%—99%), but occasionally

FACU = Facultative Upland, usually occurs in non-wetlands (estimated p
found on wetlands (estimated probability 1%—33%).

FACW = FACW Facultative Wetland, usually occurs in wetlands (esti ility 67%—99%), but occasionally
found in non-wetlands.
OBL = Obligate Wetland, occurs almost always (estimated ili tural conditions in wetlands

The primary objective of the planting plan is
as quickly as possible. Herbaceous or ground /€ e as or more important than more
widely spaced trees and shrubs.

Native plant species should be s

one of hydric tolerance and must be capable of
(“Wet footed” species should be planted near the center,

(i.e., 5 feet on-center and 1 to 1.5 feet on-center, respectively).

If trees are part of the planting plan, a tree density of approximately one tree per 250 square feet
(i.e., 15 feet on-center) is recommended.

Designers should also remember that planting holes for trees must be at least 3 feet deep to provide
enough soil volume for the root structure of mature trees. This applies even if the remaining filter
media layer is shallower than 3 feet.

Tree species should be those that are known to survive well in the compacted soils and the polluted
air and water of an urban landscape.

If trees are used, plant shade-tolerant ground covers within the drip line.

If the bioretention area is to be used for snow storage or is to accept snowmelt runoff, it should be
planted with salt-tolerant, herbaceous perennials.
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4.1.6 Bioretention Construction Sequence

Soil Erosion and Sediment Controls. The following soil erosion and sediment control guidelines must
be followed during construction:

= All bioretention areas must be fully protected by silt fence or construction fencing.

= Bioretention areas intended to infiltrate runoff must remain outside the limits of disturbance during
construction to prevent soil compaction by heavy equipment and loss of design infiltration rate.

e Where it is infeasible keep the proposed bioretention areas outside of the limits of disturbance,
there are several possible remedies for the impacted area. If excavation in the proposed
bioretention area can be restricted, then the remediation can be achieved with deep tilling
practices. This is only possible if in situ soils are not disturbed any deeper than 2 feet above the
final design elevation of the bottom of the bioretention. In this case, when heavy equipment
activity has ceased, the area is excavated to grade, and the impacted area must be tilled to a
depth of 12 inches below the bottom of the bioretention.

e Alternatively, if it is infeasible to keep the proposed bior areas outside of the limits of

= Large bioretention application
However, these must be

pth of the trap or basin at the construction stage must be at
st-construction (final) invert (bottom of the facility), and

(2) the facility must c@ an underdrain.

The plan must also show the proper procedures for converting the temporary sediment control
practice to a permanent bioretention BMP, including dewatering, cleanout, and stabilization.

Bioretention Installation. The following is a typical construction sequence to properly install a
bioretention basin. These steps may be modified to reflect different bioretention applications or
expected site conditions:

Step 1: Stabilize Contributing Drainage Area. Construction of the bioretention area may only begin
after the entire CDA has been stabilized with vegetation. It may be necessary to block certain curb or
other inlets while the bioretention area is being constructed. The proposed site should be checked for
existing utilities prior to any excavation.

Step 2: Preconstruction Meeting. The designer, the installer, and <local jurisdiction> inspector must
have a preconstruction meeting, checking the boundaries of the CDA and the actual inlet elevations to

90| Page



ensure they conform to original design. Since other contractors may be responsible for constructing
portions of the site, it is quite common to find subtle differences in site grading, drainage and paving
elevations that can produce hydraulically important differences for the proposed bioretention area. The
designer should clearly communicate, in writing, any project changes determined during the
preconstruction meeting to the installer and the inspector. Material certifications for aggregate, filter
media, and any geotextiles must be submitted for approval to the inspector at the preconstruction
meeting.

Step 3: Install Soil Erosion and Sediment Control Measures to Protect the Bioretention. Temporary
soil erosion and sediment controls (e.g., diversion dikes, reinforced silt fences) are needed during
construction of the bioretention area to divert stormwater away from the bioretention area until it is
completed. Special protection measures, such as erosion control fabrics, may be needed to protect
vulnerable side slopes from erosion during the construction process.

Step 4: Install Pretreatment Cells. Any pretreatment cells should be excavated first and then sealed
to trap sediment.

Step 5: Avoid Impact of Heavy Installation Equipment. Exca or backhoes should work from
the sides to excavate the bioretention area to its appropriate and dimensions. Excavating

Step 6: Promote Infiltration Rate. It may b
inches to promote greater infiltration.

Step 7: Order of Materials. If using
bioretention area with a 6-inch oveg

ric, place the fabric on the sides of the

a stone storage layer will be used, place the

d) on the bottom, install the perforated
underdrain pipe, pack No. 57 stone atled@st 2 inches’above the underdrain pipe, and add the choking
layer or appropriate geote afilter between the underdrain and the filter media layer. If no

Step 8: Layered Installz
elevation of the bioretention 3 achieved. Wait a few days to check for settlement and add
additional media, as needed, to achieve the design elevation.

Note: The batch receipt confirming the source of the filter media must be submitted to the <local
jurisdiction> inspector.

Step 9: Prepare Filter Media for Plants. Prepare planting holes for any trees and shrubs, install the
vegetation, and water accordingly. Install any temporary irrigation.

Step 10:  Planting. Install the plant materials as shown in the landscaping plan, and water them as
needed.

Step 11:  Secure Surface Area. Place the surface cover (i.e., mulch, river stone, or turf) in both cells,
depending on the design. If coir or jute matting will be used in lieu of mulch, the matting will need to be
installed prior to planting (Step 10), and holes or slits will have to be cut in the matting to install the
plants.
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Step 12: Inflows. If curb cuts or inlets are blocked during bioretention installation, unblock these
after the CDA and side slopes have good vegetative cover. It is recommended that unblocking curb cuts
and inlets take place after two to three storm events if the CDA includes newly installed asphalt, since
new asphalt tends to produce a lot of fines and grit during the first several storms.

Step 13:  Final Inspection. Conduct the final construction inspection using a qualified professional,
providing <local jurisdiction> with an as-built, then log the GPS coordinates for each bioretention facility,
and submit them for entry into the maintenance tracking database.

Construction Supervision. Supervision during construction is recommended to ensure that the
bioretention area is built in accordance with the approved design and this specification. Qualified
individuals should use detailed inspection checklists that include sign-offs at critical stages of
construction, to ensure that the contractor’s interpretation of the plan is consistent with the designer’s
intentions.

Construction phase inspection checklist can be found in Appendix E struction Inspection Checklists.

4.1.7 Bioretention Maintenance Criteria
When bioretention practices are installed, it is the owner’s
managing the practice,

sure they, or those

(1) be educated about their routine maintenance ne
(2) understand the long-term maintenance
(3) be subject to a maintenance covenant o

Maintenance of bioretention areas sho d into routine landscape maintenance tasks. If

1aintenance, their contracts should contain

Table 0.11 Typical Maintenance for Bioretention Practices

Frequency Maintenance Tasks

= For the first 6 months following construction, the practice and CDA should be
inspected at least twice after storm events that exceed 0.5 inch of rainfall.
Conduct any needed repairs or stabilization.

= Inspectors should look for bare or eroding areas in the CDA or around the
bioretention area and make sure they are immediately stabilized with grass
cover.

Upon establishment =  One-time, spot fertilization may be needed for initial plantings.

=  Watering is needed once a week during the first 2 months, and then as
needed during first growing season (April through October), depending on
rainfall.

=  Remove and replace dead plants. Up to 10% of the plant stock may die off in
the first year, so construction contracts should include a care and
replacement warranty to ensure that vegetation is properly established and
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Frequency Maintenance Tasks

survives during the first growing season following construction.

=  Mow grass filter strips and bioretention with turf cover
At least 4 times per year = Check curb cuts and inlets for accumulated grit, leaves, and debris that may
block inflow

Twice during growing season | =  Spot weed, remove trash, and rake the mulch

=  Conduct a maintenance inspection

=  Supplement mulch in devoid areas to maintain a 3-inch layer
=  Prune trees and shrubs

= Remove sediment in pretreatment cells and inflow points

Annually

= Remove sediment in pretreatment cells and inflow points

Once every 2-3 years
y y =  Remove and replace the mulch layer

=  Add reinforcement planting to maintai
=  Remove invasive plants using reco
=  Remove any dead or diseased p
=  Stabilize the CDA to prevent gr

esired vegetation density

As needed nded control methods

aintenance. If water remains on the
surface for more than 72 hours after a storm, adjustments e grading may be needed or underdrain
repairs may be needed. The surface of the filter e checked for accumulated sediment
or a fine crust that builds up after the first severa
used to rehabilitate the filter. These are listed bel starting with the simplest approach and ranging to

more involved procedures (i.e., if the do not solve the problem):
=  Open the underdrain observa i"and pour in water to verify that the underdrains
are functioning and not clogged @fgtherwise in'need of repair. The purpose of this check is to see if

there is standing wateg n through the soil. If there is standing water on top, but not

in the underdrain, soil layer. If the underdrain and stand pipe indicates
standing water, thée must be clogged and will need to be cleaned out.
= Remove accumulated se d till 2 to 3 inches of sand into the upper 6 to 12 inches of soil.

= |nstall sand wicks from 3 incheés below the surface to the underdrain layer. This reduces the average
concentration of fines in the media bed and promotes quicker drawdown times. Sand wicks can be
installed by excavating or auguring (i.e., using a tree auger or similar tool) down to the top of the
underdrain layer to create vertical columns that are then filled with a clean open-graded coarse
sand material (e.g., ASTM C-33 concrete sand or similar approved sand mix for bioretention media).
A sufficient number of wick drains of sufficient dimension should be installed to meet the design
dewatering time for the facility.

= Remove and replace some or all of the filter media.

Maintenance Inspections. It is recommended that a qualified professional conduct a spring
maintenance inspection and cleanup at each bioretention area. Maintenance inspections should include
information about the inlets, the actual bioretention facility (sediment buildup, outlet conditions, etc.),
and the state of vegetation (water stressed, dead, etc.) and are intended to highlight any issues that
need or may need attention to maintain stormwater management functionality.
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Maintenance inspection checklists for bioretention areas and the Maintenance Service Completion
Inspection form can be found in Appendix F Maintenance Inspection Checklists.

Declaration of Covenants. A declaration of covenants that includes all maintenance responsibilities to
ensure the continued stormwater performance for the BMP is required. The Declaration of Covenants
specifies the property owner’s primary maintenance responsibilities and authorizes the <local
jurisdiction> staff to access the property for inspection or corrective action in the event the proper
maintenance is not performed. The Declaration of Covenants is attached to the deed of the property. A
template form is provided in Appendix O, although variations will exist for scenarios where stormwater
crosses property lines. The covenant is attached to the land and is to be recorded in the Register of
Deeds in the County office. All SWMPs have a maintenance agreement stamp that must be signed for a
building permit to proceed. A maintenance schedule must appear on the SWMP. Additionally, a
maintenance schedule is required in Exhibit C of the Declaration of Covenants.

val of a BMP or land cover shall
nd federal law.

Waste Material. Waste material from the repair, maintenance, or r
be removed and disposed of in compliance with applicable local,

4.1.8 Bioretention Stormwater Compliance Calculatio

with no underdrain or at least 24 inches
100% retention value for storage
re not considered an accepted total

Enhanced Designs. These designs are bioretention appli
of filter media and an infiltration sump. Enhanceg
volume (Sv) provided by the practice (Table 0.12
suspended solids (TSS) treatment practice.

Table 0.12 Enhanced Bioretention

Retention Value

Accepted TSS Treatmen

Standard Designs. These de bioretention applications with an underdrain and less than 24
inches of filter media. Standard d

practice for the storage volume (Sv) provided by the practice (Table 0.13).

signs receive 60% retention value and are an accepted TSS removal

Table 0.13 Standard Bioretention Design Retention Value and Pollutant Removal

Retention Value =0.6 xSv

Accepted TSS Treatment Practice Yes

The practice must be sized using the guidance detailed in Section 4.1.4 Bioretention Design Criteria.

Note: Additional retention value can be achieved if trees are utilized as part of a bioretention area (see
Section 4.12 Tree Planting and Preservation).
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Bioretention also contributes to peak flow reduction. This contribution can be determined in several
ways. One method is to subtract the storage volume (Sv) from the total runoff volume for the 2-year
through the 100-year storm events. The resulting reduced runoff volumes can then be used to calculate
a reduced NRCS CN for the site or SDA. The reduced NRCS CN can then be used to calculate peak flow
rates for the various storm events. Other hydrologic modeling tools that employ different procedures
may be used as well.
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4.2  Permeable Pavement Systems

Permeable Pavement Systems

Definition: Paving systems that capture and temporarily store the SWRv by filtering runoff through
voids in an alternative pavement surface into an underlying stone reservoir. Filtered runoff may be
collected and returned to the conveyance system, or allowed to partially (or fully) infiltrate into the
soil.

Site Applicability BMP Performance Summary
Land Uses Required Footprint WQ Improvement: Moderate to High
= Urban TSst Total N! Bacteria?
= Suburban Small 80% 60% 45%
" Rural Runoff Reductions
Construction Costs Maintenance Burden Rat Volume
High High Moderate
Maintenance Frequency: Rv
Routine Non-Routine Enhanced Design
2-4 times per year Every 2-3 years 100% of Sv
Advantages/Benefits Disadvantages/Limitation
= Reduces runoff volume, attenuates peak iment-laden runoff can clog pervious

ent, causing it to fail

Constant pressure in the same spot (constant
vehicle braking) can collapse pores, causing
pavement to fail

Incorrect installation practices can clog pores

runoff rate and outflow
= Reduces slick surfaces during rai
= Water quality enhancement frg
stormwater

Comp Design considerations

Same basic considerations as any paved area
= Infiltration rate of native soil determines

= Settling layer applicability and need for underdrain

= Open-graded base materia = Not appropriate for heavy or high traffic areas
= Filter fabric = Accessibility, aesthetics, maintainability

= Underdrain (where required)

= Subgrade with minimal compaction

= Open graded pave
open surfaces

Installation Considerations Maintenance Activities
= Proper construction sequencing and = Vacuum or jet wash to increase pavement life
installation is crucial to ensure proper and avoid clogging
functioning = Ensure that contributing area is clear of debris
= Subgrade cannot be overly compacted and sediment.

1expected annual pollutant load removal
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Permeable pavement systems represent alternative paving surfaces that capture and temporarily
store the design volume by filtering runoff through voids in the pavement surface into an underlying
stone reservoir. See Figure 0.12 Permeable pavement section detail

Source: David Smith, ICPIFiltered runoff may be collected and returned to the conveyance system, or
it may be allowed to partially infiltrate into the soil. Permeable pavement systems are not typically
designed to provide stormwater detention of larger storms (e.g., 2 - 50-year), but they may be in some
circumstances. Permeable pavement practices shall generally be combined with a separate facility to
provide those controls.

Concrete Pavers

Permeable Joint Material

Open-graded
Subbase
Reservoir

— Underdrain
(as required)

Geotextile - Design
Option per Engineer

Uncompacted Subgrade Soil

Figure 0.12 Permeable paven tion detail
Source: David Smith, ICP!

Definition. This is a paving system that captures and temporarily stores the SWRv by filtering runoff
through voids in an alternative pavement surface into an underlying stone reservoir. Filtered runoff may
be collected and returned to the conveyance system, or allowed to partially (or fully) infiltrate into the
soil.

Design variants include the following:
P-1 Porous asphalt (PA)
P-2 Pervious concrete (PC)

P-3 Permeable pavers (PP)
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Other surface material variations of permeable pavement that can be part of a permeable pavement
system, such as porous rubber, plastic grid pavers, and synthetic turf systems are also encompassed in
this section.

Porous Asphalt. Porous asphalt (also known as pervious asphalt) consists of a special open-graded
surface course bound together by asphalt cement. The open-graded surface course in a typical porous
asphalt installation is 3 to 7 inches thick and has a void ratio of between 15% and 20%. Porous asphalt is
thought to have a limited ability to maintain its structure and permeability during hot summer months
and, consequently, is currently not recommended for use in coastal South Carolina. If it is used on a
development site in the coastal region, it should be carefully monitored and maintained over time.

Pervious Concrete. Pervious concrete (also known as porous concrete) is similar to conventional

concrete in structure and form but consists of a special open-graded surface course, typically 4 to 8
inches thick, that is bound together with Portland cement. This open-graded surface course has a void
ratio of 15% to 25% (conventional concrete pavement has a void rati between 3% and 5%), which
gives it a high permeability that is often many times more than th e underlying native soils, and

Permeable Pavers. Permeable pavers (PP) are
in a way that provides regularly spaced opening

which generally make up between 8% , otal pavement surface, are typically filled with
pea gravel (i.e., ASTM D 448 Size 3 inch). Typical PP systems consist of the pavers, a

Design Configurations
There are two types of design configurations:

quality filter (see Figure @

= Enhanced Design. Practice with underdrains that contain a water quality filter layer and an
infiltration sump beneath the underdrain sized to drain the design storm in 48 hours (see Figure
0.14) or practices with no underdrains that can infiltrate the design storm volume in 48 hours (see
Figure 0.15).

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 below.
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~~——— Permeable Pavement Surface Material

1

]

~~——— Bedding Layer (as directed by manufacturer)

Observation Well

|-——+— Reservoir Layer

Perforated Underdrain {

Filter Layer

Figure 0.13 Cross section of a standard permeable pavement design.
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Figure 0.14 Cross section of an enhanced permeable paveme sign with an underdrain.
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4.2.1 Permeable Pavement Feasibility Criteria

Since permeable pavement has a very high retention capability, it should always be considered as an
alternative to conventional pavement. Permeable pavement is subject to the same feasibility constraints
as most infiltration practices, as described below.

Required Space. A prime advantage of permeable pavement is that it does not normally require
additional space at a new development or redevelopment site, which can be important for tight sites or
areas where land prices are high.

Soils. Soil conditions do not typically constrain the use of permeable pavement, although they do
determine whether an underdrain is needed. Underdrains may be required if the measured permeability
of the underlying soils is less than 0.5 inches per hour (although utilization of an infiltration sump may
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still be feasible). When designing an infiltrating permeable pavement practice, designers must verify soil
permeability by using the on-site soil investigation methods provided in Appendix B Geotechnical
Information Requirements for Underground BMPs. Impermeable soils will require an underdrain.

In fill soil locations, geotechnical investigations are required to determine if the use of an impermeable
liner and underdrain are necessary or if the use of an infiltration sump is permissible (see Section 4.2.4
Permeable Pavement Design Criteria).

Contributing Drainage Area. The portion of the CDA that does not include the permeable pavement
may not exceed 5 times the surface area of the permeable pavement (2 times is recommended) and it
should be as close to 100% impervious as possible to reduce sediment loading.

Pavement Surface Slope. Steep pavement surface slopes can reduce the stormwater storage
capability of permeable pavement and may cause shifting of the pavement surface and base materials.
The permeable pavement slope must be less than 5%. Designers may sider using a terraced design
for permeable pavement in areas with steeper slopes (3%—5%). In ases, designs must ensure that
the slope of the pavement does not lead to flow occurring out e reservoir layer onto lower
portions of the pavement surface.

permeable pavement to function
he pavement surface to the underdrain
| design factors, such as required

er table may cause runoff to pond at the

, @ minimum vertical distance of 0.5 feet

m of the permeable pavement installation (i.e.,
asonal high water table.

3in, the underdrain should be located above the tidal mean
-based systems, the bottom of the stone reservoir should
levation. Where this is not possible, portions of the practice

Setbacks. To avoid the risk of seepage, stormwater cannot flow from the permeable pavement
reservoir layer to the traditional pavement base layer, existing structure foundations, or future
foundations which may be built on adjacent properties. Setbacks to structures and property lines must
be at least 10 feet and adequate waterproofing protection must be provided for foundations and
basements. Where the 10-foot setback is not possible, an impermeable liner may be used along the
sides of the permeable pavement practice (extending from the surface to the bottom of the practice).

Proximity to Utilities. Interference with underground utilities should be avoided if possible. When
large site development is undertaken the expectation of achieving avoidance will be high. Conflicts may
be commonplace on smaller sites and in the public right-of-way (PROW). Consult with each utility
company on recommended offsets, which will allow utility maintenance work with minimal disturbance
to the permeable pavement. Permeable pavement in the public right-of-way (PROW) must conform with
the State of South Carolina Department of Transportation design specifications. Where conflicts cannot
be avoided, follow these guidelines:
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= Consider altering the location or sizing of the permeable pavement to avoid or minimize the utility
conflict. Consider an alternate BMP type to avoid conflict.

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

=  Work with the utility company to evaluate the relocation of the existing utility and install the
optimum placement and sizing of the permeable pavement.

= [f utility functionality, longevity, and vehicular access to manholes can be assured, accept the
permeable pavement design and location with the existing utility. Design sufficient soil coverage
over the utility or general clearances or other features, such as an impermeable liner, to assure all
entities that the conflict is limited to maintenance.

Note: When accepting utility conflict into the permeable pavement location and design, it is understood
the permeable pavement will be temporarily impacted during utility , but the utility owner will
replace the permeable pavement or, alternatively, install function omparable permeable pavement
according to the specifications in the current version of this gui storation of permeable
pavement that is located in the PROW will also conform wit th Carolina Department of

propriate for certain pollutant-

(i.e. oils and greases from fueling

ious areas, or other pollutants from
ater separator or filtering device must
ermeable pavement.

stations or vehicle storage areas, sediment from
industrial processes), appropriate pretreatment,

ot allowed. Permeable pavement areas must
gn configuration cannot be used.

ement is not intended to treat sites with high sediment or
cause the practice to clog and fail. Sites with considerable
rf and landscaping) can be considered high loading sites and the

pretreatment measures, such asi@gravel or a sod filter strip should be employed (see Section 4.2.3
Permeable Pavement Pretreatment Criteria).

High Speed Roads. Permeable pavement should not be used for high speed roads, although it has
been successfully applied for low speed residential streets, parking lanes, and roadway shoulders.

Economic Considerations. Permeable pavement tends to be expensive relative to other practices, but
when the cost of land and traditional paving are included in the calculations, permeable pavement
becomes much more competitive. Permeable pavement is very space-efficient, since it combines a
useful pavement surface with stormwater management for runoff and, in standard design
configurations, water quality treatment.

4.2.2 Permeable Pavement Conveyance Criteria

Permeable pavement designs must include methods to convey larger storms (e.g., 2 - 50-year) to the
storm drain system. Conveyance methods include the following:
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= Place an overdrain—a horizontal perforated pipe near the top of the reservoir layer—to pass excess
flows after water has filled the base.

= |ncrease the thickness of the top of the reservoir layer by as much as 6 inches to increase storage
(i.e., create freeboard). The design computations used to size the reservoir layer often assume that
no freeboard is present.

= Create underground detention within the reservoir layer of the permeable pavement system.
Reservoir storage may be augmented by corrugated metal pipes, plastic or concrete arch structures,
etc.

=  Route overflows to another detention or conveyance system.

=  Set the storm drain inlets flush with the elevation of the permeable pavement surface to effectively
convey excess stormwater runoff past the system. The design should also make allowances for relief
of unacceptable ponding depths during larger rainfall events.

4.2.3 Permeable Pavement Pretreatment Criteria
Pretreatment for most permeable pavement applications is not: Additional pretreatment is
recommended if the pavement receives runoff from adjace i For example, a gravel or
sod filter strip can be placed adjacent to pervious (lands
before they reach the pavement surface in order to re

4.2.4 Permeable Pavement Design Criteria
Type of Surface Pavement. The type of pave
pavement specifications and properties and desi
recommendations.

Pavement Bottom Slope. For asig he hottom slope of a permeable pavement installation
should be as flat as possible (i.e., 0%4ongitudinal and lateral slopes) to enable even distribution and
infiltration of stormwater, ¢ i internal check dams or barriers, as shown in Figure 0.16, can
be incorporated into t
earthen berms, impernie es, or low permeability geotextile. In this type of design, the

barriers are dependent upon derlying slope and the saturated hydraulic conductivity, as any
water retained by the flow barriers must infiltrate within 48 hours. If an underdrain will be used in
conjunction with the flow barriers, it can be installed over the top of the barriers, or parallel to the
barriers with an underdrain in each cell.
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that the target storage volume is
detained in the reservoir for as long as possible, 36 to ours, before completely discharging
through an underdrain. A minimum orifice ommended regardless of the

calculated drawdown time.

Note: A 48-hour maximum drawdow
hour value used for other BMPs
standards, is intended to ens
problems with the pavement.

d for permeable pavement rather than the 72-
down time, in accordance with industry
oes not stay saturated for too long and cause

= [nfiltration Sump. To p : etention for permeable pavement located on marginal soils,
an infiltration sump s
design configuratio

Reservoir Layer. The reservo onsists of the stone underneath the pavement section and above
the bottom filter layer or underlying soils, including the optional infiltration sump. The total thickness of
the reservoir layer is determined by runoff storage needs, the saturated hydraulic conductivity of in-situ
soils, structural requirements of the pavement sub-base, depth to water table, and frost depth
conditions (see Section 4.2.1 Permeable Pavement Feasibility Criteria). A geotechnical engineer should
be consulted regarding the suitability of the soil subgrade.

= The reservoir below the permeable pavement surface should be composed of clean, double-washed
stone aggregate and sized for both the storm event to be treated and the structural requirements of
the expected traffic loading. Additional chamber structures may also be used to create larger
storage volumes.

= The storage layer may consist of clean, double-washed No. 57 stone, although No. 2 stone is
preferred because it provides additional structural stability. Other appropriate materials may be
used if accepted by the <local jurisdiction>.

105|Page



= The bottom of the reservoir layer should be completely flat so that runoff will be able to infiltrate
evenly through the entire surface. The use of terracing and check dams is permissible.

Underdrains. Most permeable pavement designs will require an underdrain (see Section 4.2.1
Permeable Pavement Feasibility Criteria). Underdrains can also be used to keep detained stormwater
from flooding permeable pavement during extreme rain events. Multiple underdrains are typically
necessary for permeable pavement wider than 40 feet, and each underdrain is recommended to be
located 20 feet or less from the next pipe or the edge of the permeable pavement. For long and narrow
applications, a single underdrain running the length of the permeable pavement is sufficient. The
underdrain should be perforated schedule 40 PVC pipe (corrugated HDPE may be used for smaller load-
bearing applications), with three or four rows of 3/8-inch perforations at 6 inches on center. The
underdrain must be encased in a layer of clean, double-washed No. 57 stone, with a minimum 2-inch
cover over the top of the underdrain. The underdrain system must include a flow control to ensure that
the reservoir layer drains slowly (within 36 to 48 hours).

= The underdrain outlet can be fitted with a flow-reduction orifi ithin a weir or other easily
inspected and maintained configuration in the downstream as a means of regulating the
stormwater detention time. The minimum diameter of a ifice i ch. The designer should

Observation Wells. All permeable pavement pr i observation wells. The observation
well is used to observe the rate of drawdown wit
ervation well should consist of a well-anchored,

d be no perforation within 1 foot of the surface. If

to the bottom of the reservoir layer and extend
t under pavers) with a lockable cap.

infiltration sump must be insta o create a storage layer below the underdrain or upturned elbow
invert. The depth of this layer must be sized so that the design storm can infiltrate into the subsoils in a
48-hour period. The bottom of the infiltration sump must be at least 2 feet above the seasonally high
water table. The inclusion of an infiltration sump is not permitted for designs with an impermeable liner.
In fill soil locations, geotechnical investigations are required to determine if the use of an infiltration
sump is permissible.

To improve the infiltration rate of the sump, it may be designed as a series of 1-foot-wide trenches
spread 5 feet apart, which are excavated after compaction of the existing soils is performed. Excavation
of these trenches may allow access to less compacted, higher permeability soils and improve the
effectiveness of the infiltration sump (Brown and Hunt, 2009). Regardless of the infiltration sump
design, the saturated hydraulic conductivity must be field verified.
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Filter Layer (optional). To protect the bottom of the reservoir layer from intrusion by underlying soils, a
filter layer can be used. The underlying native soils should be separated from the stone reservoir by a 2-
to 4-inch layer of choker stone (e.g., No. 8).

Geotextile (optional). Geotextile fabric is another option to protect the bottom of the reservoir layer
from intrusion by underlying soils, although some practitioners recommend avoiding the use of fabric
beneath permeable pavements since it may become a future plane of clogging within the system.
Geotextile fabric is still recommended to protect the excavated sides of the reservoir layer, in order to
prevent soil piping. An appropriate geotextile fabric that complies with AASHTO M-288 Class 2, latest
edition, requirements and has a permeability of at least an order of magnitude higher (10 times) than
the soil subgrade permeability must be used.

Impermeable Liner. An impermeable liner is not typically required, although it may be utilized in fill
applications where deemed necessary by a geotechnical investigation, on sites with contaminated soils,
or on the sides of the practice to protect adjacent structures from se e. Use a PVC geomembrane
liner or equivalent of an appropriate thickness (follow manufactur instructions for installation). Field
seams must be sealed according to the liner manufacturer’s sp . A minimum 6-inch overlap of
material is required at all seams.

rmeable pavements is provided in
Table 0.14, but designers should consult manufacturer’s te al specifications for specific criteria and

guidance. Table 0.15 provides general material &

Material Notes

Permeable Pavers
(PP)

Reservoir layer required to
support the structural load.

May not require a reservoir
layer to support the structural

Pervious Concrete | Thickness: Typically 4-8 inches load, but a layer may be
(PC) Compressive strength: 2.8—-28 MPa included to increase the storage
Open void fill media: None or infiltration. Requires certified
supplier and installer.
Void content: 15-20% Reservoir layer required to
Porous Asphalt Thickness: Typically 3—-7 inches (depending on traffic support the structural load.
(PA) load) Requires certified supplier and
Open void fill media: None installer.

107 |Page



Table 0.15 Material Specifications for Typical Layers Beneath the Pavement Surface

Material Specification Notes

PC: 3-4 inches of No. 57 stone if No. 2
stone is used for Reservoir Layer

PA: 3—4 inches of No. 57 stone

PP: Follow manufacturer specifications

ASTM D448 size No. 57 stone (i.e., 1/2 to
1 1/2 inches in size). Must be double-
washed and clean and free of all fines.

Bedding Layer

ASTM D448 size No. 57 stone (i.e., 1/2to 1
1/2 inches in size); No. 2 Stone (i.e., 3/4 to
3 inches in size). Depth is based on the
pavement structural and hydraulic
requirements. Must be double-washed
and clean and free of all fines. Other

PC: No. 57 stone or No. 2 stone
Reservoir Layer PA: No. 2 stone
PP: Follow manufacturer specifications

appropriate materials may be used if

used for smaller load-bearing applications), w,
inches on center. Perforated pipe installed

Underdrain

Infiltration Sump
(optional)

Filter Layer
(optional)

Geotextile
(optional)

Impermeable Liner
(optional)

d 4- to 6-inch vertical PVC pipe (AASHTO M-252) with a lockable cap,

Observation Well )
with the surface.

installed fl0s

Permeable Pavement Sizing. The thickness of the reservoir layer is determined by both a structural and
hydraulic design analysis. The reservoir layer serves to retain stormwater and to support the design
traffic loads for the pavement. Permeable pavement structural and hydraulic sizing criteria are discussed
below.

Structural Design. If permeable pavement will be used in a parking lot or other setting that involves
vehicles, the pavement surface must be able to support the maximum anticipated traffic load. The
structural design process will vary according to the type of pavement selected, and the manufacturer’s
specific recommendations should be consulted. The thickness of the permeable pavement and reservoir
layer must be sized to support structural loads and to temporarily store the design storm volume (i.e.,
the water quality, channel protection, and/or flood control volumes). On most new development and
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redevelopment sites, the structural support requirements will dictate the depth of the underlying stone
reservoir.

The structural design of permeable pavements involves consideration of four main site elements:

= Total traffic

= |nsitu soil strength

=  Environmental elements

= Bedding and reservoir layer design

The resulting structural requirements may include the thickness of the pavement, filter, and reservoir
layer. Designers should note that if the underlying soils have a low California Bearing Ratio (less than

4%), they may need to be compacted to at least 95% of the Standard Proctor Density, which may limit
their use for infiltration.

Designers should determine structural design requirements by
guidance sources, such as the following:

transportation design

= AASHTO Guide for Design of Pavement Structures (#993)
= AASHTO Supplement to the Guide for Design of Pave tructures (1998)

Hydraulic Design. Permeable pavement is typic torehe SWRVv or larger design storm
volumes in the reservoir layer. The storage volum ents must account for the underlying
saturated hydraulic conductivity and o ny underdrains. The design storm should be
routed through the pavement to acg ine the required reservoir depth. The depth of the
reservoir layer or infiltration sum oke the’design storm can be determined by using
Equation 0.4.

Equation 0.4 Reservoir

P X Rv; X CDA
() — (Kear X )
dp =
Nr
where:
dp = depth of the reservoir layer (or depth of the infiltration sump for enhanced designs
with underdrains) (ft)
P = rainfall depth for the SWRv or other design storm (ft)
Rv = 0.95 (runoff coefficient for impervious cover)
CDA = total contributing drainage area, including permeable pavement surface area (ft?)
Ap = permeable pavement surface area (ft?)
Ksat = field-verified saturated hydraulic conductivity for the subgrade soils (ft/day). If an
impermeable liner is used in the design then K¢, = 0.
tr = time to fill the reservoir layer (day) (assume 2 hours or 0.083 day)
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n, = 0.4 (effective porosity for the reservoir layer)

This equation makes the following design assumptions:

= The CDA does not contain pervious areas.

= [f the subgrade will be compacted to meet structural design requirements of the pavement section,
the measured saturated hydraulic conductivity shall be based on measurement of the subgrade soil
subjected to the compaction requirements.

* The porosity (7, ) for No. 57 stone is 0.4.
The depth of the reservoir layer cannot be less than the depth required to meet the pavement structural

requirement. The depth of the reservoir layer may need to be increased to meet structural or larger
storage requirements.

Designers must ensure that the captured volume will drain from t vement in 36 to 48 hours. For
infiltration designs without underdrains or designs with infiltrati Equation 0.5 can be used to
determine the drawdown time in the reservoir layer or infil on sump.

Equation 0.5 Drawdown Time

where:

impermeablgliner is used in the design, then K, = 0.

For designs with underdrains, the drawdown time should be determined using the hydrologic routing or
modeling procedures used for detention systems with the depth and head adjusted for the porosity of
the aggregate.

The total storage volume provided by the practice, Sv, should be determined using Equation 0.6.

Equation 0.6 Permeable Pavement Storage Volume

Sv = Ap[(dp X ny) + Ksar X tf]

where:
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Sv = storage volume (ft3)

dp = depth of the reservoir layer (or depth of the infiltration sump for enhanced designs
with underdrains) (ft)

n, = 0.4 (effective porosity for the reservoir layer)

Ap = permeable pavement surface area (ft?)

Ksat = field-verified saturated hydraulic conductivity for the subgrade soils (ft/day). If an
impermeable liner is used in the design then Ky, = 0.

t = time to fill the reservoir layer (days) (assume 2 hours or 0.083 days)

Detention Storage Design. Permeable pavement can also be designed to address, in whole or in part,
the detention storage needed to comply with channel protection and/or flood control requirements.
The designer can model various approaches by factoring in storage within the stone aggregate layer
(including chamber structures that increase the available storage volume), expected infiltration, and any
outlet structures used as part of the design. Routing calculations can also be used to provide a more
accurate solution of the peak discharge and required storage volum

, designers should calculate
ted using underdrains, the

such as trees and islands, in a manner thatimaximi unoff treatment and minimizes the risk that
t matter will inadvertently clog the paving

surface. Bioretention areas (see Sé
landscaping goals.

4.2.6 Permeable Pa
Experience has shown
pavement system.

proper installation is critical to the effective operation of a permeable

Soil Erosion and Sediment Contrels. The following soil erosion and sediment control guidelines must be

followed during construction:

= All permeable pavement areas must be fully protected from sediment intrusion by silt fence or
construction fencing, particularly if they are intended to infiltrate runoff.

= Permeable pavement areas intended to infiltrate runoff must remain outside the limits of
disturbance during construction to prevent soil compaction by heavy equipment and loss of design
infiltration rate (unless the area has been determined to have a low California Bearing Ratio and will
require compaction during the permeable pavement construction phase). Where it is infeasible to
keep the proposed permeable pavement areas outside of the limits of disturbance, there are several
possible remedies for the impacted area.

e If excavation in the proposed permeable pavement areas can be restricted, then remediation
can be achieved with deep tilling practices. This is only possible if in situ soils are not disturbed
any deeper than 2 feet above the final design elevation of the bottom of the aggregate reservoir

111 |Page



course. In this case, when heavy equipment activity has ceased, the area is excavated to grade,
and the impacted area must be tilled to a depth of 12 inches below the bottom of the reservoir
layer.

e Alternatively, if it is infeasible to keep the proposed permeable pavement areas outside of the
limits of disturbance, and excavation of the area cannot be restricted, then infiltration tests will
be required prior to installation of the permeable pavement to ensure that the design
infiltration rate is still present. If tests reveal the loss of design infiltration rates, then deep tilling
practices may be used in an effort to restore those rates. In this case, further testing must be
done before the permeable pavement can be installed to establish that design rates have been
achieved.

e Finally, if it is infeasible to keep the proposed permeable pavement areas outside of the limits of
disturbance, excavation of the area cannot be restricted, and infiltration tests reveal design
rates cannot be restored, then a resubmission of the SWMP will be required.

= Permeable pavement areas must be clearly marked on all const
plans.

ion documents and grading

temporary sediment trap or basin on an ar
remedies are similar to those discussed for

e Ifitis possible, restrict the inve t trap or basin to at least 1 foot above the final
design elevation of the bottq i e reservoir course of the proposed permeable
pavement. Then remediati ith proper removal of trapped sediments and
deep tilling practices.

procedures for conver e temporary sediment control practice to a permeable pavement
BMP, including dewatering, cleanout, and stabilization.

Permeable Pavement Installation. The following is a typical construction sequence to properly install
permeable pavement, which may need to be modified depending on the particular type of permeable
pavement that is being installed.

Step 1: Stabilize Contributing Drainage Area. Construction of the permeable pavement should only
begin after the entire CDA has been stabilized. The proposed site should be checked for existing utilities
prior to any excavation. Do not install the system in rain or snow and do not install frozen bedding
materials.

Step 2: Install Soil Erosion and Sediment Control Measures for the Permeable Pavement. As noted
above, temporary soil erosion and sediment controls are needed during installation to divert

stormwater away from the permeable pavement area until it is completed. Special protection measures,
such as erosion control fabrics, may be needed to protect vulnerable side slopes from erosion during the
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excavation process. The proposed permeable pavement area must be kept free from sediment during
the entire construction process. Construction materials contaminated by sediment must be removed
and replaced with clean material.

Step 3: Minimize Impact of Heavy Installation Equipment. Where possible, excavators or backhoes
should work from the sides to excavate the reservoir layer to its appropriate design depth and
dimensions. For small pavement applications, excavating equipment should have arms with adequate
extension so they do not have to work inside the footprint of the permeable pavement area (to avoid
compaction). Contractors can utilize a cell construction approach, whereby the proposed permeable
pavement area is split into 500- to 1,000-square foot temporary cells with a 10- to 15-foot-wide earth
bridge in between, so cells can be excavated from the side. Excavated material should be placed away
from the open excavation so as to not jeopardize the stability of the side walls.

Step 4: Promote Infiltration Rate. The native soils along the bottom of the permeable pavement
system should be scarified or tilled to a depth of 3 to 4 inches prior to the placement of the filter layer or
geotextile fabric. In large-scale paving applications with weak soils, t il subgrade may need to be
compacted to 95% of the Standard Proctor Density to achieve the ed load-bearing capacity.

Note: This may reduce or eliminate the infiltration function of the'i ion, and it must be addressed

should overlap down-slope by a
minimum of 2 feet and be secured a minimum of.4 feet bey the edge of the excavation. Where the

filter layer extends beyond the edge of the pave noff to the reservoir layer), install an
additional layer of geotextile fabric 1 foot below the prevent sediment from entering into the
reservoir layer. Excess geotextile fabric until the site is fully stabilized.

Step 6: Install Base Material Cg . e a minimum of 2 inches of aggregate above and
below the underdrains. The up-gré ' drains in the reservoir layer should be capped.

Where an underdrain pipe is conne e, there shall be no perforations within 1 foot of the
structure. Ensure there aregic ons in clean-outs and observation wells within 1 foot of the

Step 7: Stone Medi i lifts of the appropriate clean, double-washed stone aggregate

g at least 4 inches of additional aggregate above the underdrain, and
then compact it using a vibratogyfeller in static mode until there is no visible movement of the
aggregate. Do not crush the aggregate with the roller.

Step 8: Reservoir Media. Install the desired depth of the bedding layer, depending on the type of
pavement, as indicated in Table 4.12.

Step 9: Paving Media. Paving materials shall be installed in accordance with manufacturer or

industry specifications for the particular type of pavement.

Installation of Porous Asphalt. The following has been excerpted from various documents, most notably
Jackson (2007):

= |Install porous asphalt pavement similarly to regular asphalt pavement. The pavement should be laid

in a single lift over the filter course. The laying temperature should be between 230°F and 260°F,
with a minimum air temperature of 50°F, to ensure the surface does not stiffen before compaction.
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= Complete compaction of the surface course when the surface is cool enough to resist a 10-ton roller.
One or two passes of the roller are required for proper compaction. More rolling could cause a
reduction in the porosity of the pavement.

= The mixing plant must provide certification of the aggregate mix, abrasion loss factor, and asphalt
content in the mix. Test the asphalt mix for its resistance to stripping by water using ASTM D1664. If
the estimated coating area is not above 95%, additional anti-stripping agents must be added to the
mix.

=  Transport the mix to the site in a clean vehicle with smooth dump beds sprayed with a non-
petroleum release agent. The mix shall be covered during transportation to control cooling.

= Test the full permeability of the pavement surface by application of clean water at a rate of at least
5 gallons per minute over the entire surface. All water must infiltrate directly, without puddle
formation or surface runoff.

= |nspect the facility 18 to 30 hours after a significant rainfall (0.5 i r greater) or artificial flooding

to determine if the facility is draining properly.

Pervious Concrete Installation. The basic installation sequen concrete is outlined by the
National Ready Mixed Concrete Association (NRMCA) (NR
to be certified by a recognized pervious concrete instal inin@program, such as the Pervious
Concrete Contractor Certification Program offered by th
follows:

= After the concrete is placed, ap
This is to allow for compacti

does not occur.
= Cutjoints for the conc

= The curing process is very ortant for pervious concrete. Concrete installers should follow
manufacturer specifications to the extent allowed by on-site conditions when curing pervious
concrete. This typically requires covering the pavement with plastic sheeting within 20 minutes of
the strike-off and may require keeping it covered for at least 7 days. Do not allow traffic on the
pavement during the curing period.

= Remove the plastic sheeting only after the proper curing time. Inspect the facility 18 to 30 hours
after a significant rainfall (0.5 inch or greater) or artificial flooding, to determine if the facility is
draining properly.

Permeable Interlocking Concrete Paver Installation. The basic installation process is described in
greater detail by Smith (2006):

= Place edge restraints for open-jointed pavement blocks before the bedding layer and pavement
blocks are installed. Permeable interlocking concrete pavement systems require edge restraints to
prevent vehicle loads from moving the paver blocks. Edge restraints may be standard curbs or gutter
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pans, or precast or cast-in-place reinforced concrete borders a minimum of 6 inches wide and 18
inches deep, constructed with Class A3 concrete. Edge restraints along the traffic side of a
permeable pavement block system are recommended.

= Place the double-washed No. 57 stone in a single lift. Level the filter course and compact it into the
reservoir course beneath with at least four passes of a 10-ton steel drum static roller until there is
no visible movement. The first two passes are in vibratory mode, with the final two passes in static
mode. The filter aggregate should be moist to facilitate movement into the reservoir course.

= Place and screed the bedding course material (typically No. 8 stone).

= Fill gaps at the edge of the paved areas with cut pavers or edge units. When cut pavers are needed,
cut the pavers with a paver splitter or masonry saw. Cut pavers no smaller than 1/3 of the full unit
size.

= Pavers may be placed by hand or with mechanical installers. Fill the joints and openings with stone.
Joint openings must be filled with ASTM D448 No. 8 stone; although,No. 8P or No. 9 stone may be
used where needed to fill narrower joints. Remove excess sto rom the paver surface.

= Compact and seat the pavers into the bedding course wit low-amplitude 5,000-pound-

foot, 75- to 95-Hz plate compactor.
= Do not compact within 6 feet of the unrestrained e

=  The system must be thoroughly swept by a mechanic
construction to remove any sediment or ex

Construction Supervision. Supervis 3, and after construction by a qualified professional
is recommended to ensure g : ement is built in accordance with these specifications. ASTM
test C1781 or C1701 mu sure initial pavement permeability of at least 6 inches per
sign-offs by qualified individuals should be used at critical stages
of construction to ensure r’s interpretation of the plan is consistent with the designer’s

intent.

Construction phase inspection checklist for permeable pavement practices can be found in Appendix E
Construction Inspection Checklists.

Some common pitfalls can be avoided by careful construction supervision that focuses on the following
key aspects of permeable pavement installation:

= Store materials in a protected area to keep them free from mud, dirt, and other foreign materials.
= The CDA should be stabilized prior to directing water to the permeable pavement area.

= Check the aggregate material to confirm it is clean and washed, meets specifications and is installed
to the correct depth. Aggregate loads that do not meet the specifications or do not appear to be
sufficiently washed may be rejected.

= Check elevations (i.e., the invert of the underdrain, inverts for the inflow, and outflow points) and
the surface slope.
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=  Make sure the permeable pavement surface is even, runoff spreads evenly across it, and the storage
bed drains within 48 hours.

= Ensure caps are placed on the upstream (but not the downstream) ends of the underdrains.

= |nspect the pretreatment structures (if applicable) to make sure they are properly installed and
working effectively.

=  Once the final construction inspection has been completed, log the GPS coordinates for each facility
and submit them for entry into the BMP maintenance tracking database.

Runoff diversion structures are recommended to protect larger permeable pavement applications from
early runoff-producing storms, particularly when up-gradient conventional asphalt areas drain to the
permeable pavement. This can help reduce the input of fine particles often produced shortly after
conventional asphalt is laid.

4.2.7 Permeable Pavement Maintenance Criteria
Maintenance is a required and crucial element to ensure the lon erformance of permeable
pavement. The most frequently cited maintenance problem is ing caused by organic matter
and sediment. Periodic street sweeping will remove accum i d help prevent clogging;

The following tasks must be avoided on all permeable pa

=  Sanding
= Resealing
= Resurfacing

= Power washing

= Storage of snow piles cag

It is difficult to prescribe the sp types or frequency of maintenance tasks that are needed to
maintain the hydrologic function'of permeable pavement systems over time. The frequency of
maintenance will depend largely on the pavement use, traffic loads, and the surrounding land use.

One preventative maintenance task for large-scale applications (e.g., parking lots) involves vacuum
sweeping on a frequency consistent with the use and loadings encountered in the site. Many experts
consider an annual, dry-weather sweeping in the spring months to be important. The contract for
sweeping should specify that a vacuum sweeper be used that does not use water spray, since spraying
may lead to subsurface clogging. Typical maintenance tasks are outlined in Table 0.16.
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Table 0.16 Typical Maintenance Tasks for Permeable Pavement Practices

Frequency Maintenance Tasks
=  For the first 6 months following construction, the practice and CDA should be
After installation inspected at least twice after storm events that exceed 0.5 inch of rainfall.
Conduct any needed repairs or stabilization.
Once every 1-2 months =  Mow grass in grid paver applications (clippings should be removed from the
during the growing season pavement area).

=  Stabilize the CDA to prevent erosion.
As needed =  Remove any soil or sediment deposited on pavement.
= Replace or repair any pavement surfaces that are degenerating or spalling.

2-4 times per year =  Mechanically sweep pavement with a standard street sweeper to prevent
(depending on use) clogging.
=  Conduct a maintenance inspection
Annually
= Remove weeds as needed.
Once every 2-3 years = Remove any accumulated sedimen eatment cells and inflow points.
If clogged = Conduct maintenance using a regenerative t sweeper or a vacuum sweeper
=  Replace any necessary joint
Seasonal Maintenance Considerations: Winter maintenan r permeable pavements is similar to
standard pavements, with a few additional con ions:
= Large snow storage piles should be located in t grassy areas so that sediment and pollutants
in snowmelt are partially treated L c the permeable pavement.
= Sand or cinders should never raction over permeable pavement or areas of
standard (impervious) paveme
the system.

= Chloride products should be used judiciously to deice above permeable pavement designed for
infiltration, since the salt will be transmitted through the pavement. Salt can be applied but
environmentally sensitive deicers are recommended. Permeable pavement applications will
generally require less salt application than traditional pavements.

When permeable pavements are installed on private residential lots, homeowners will need to (1) be
educated about their routine maintenance needs and (2) understand the long-term maintenance plan.

It is recommended that a qualified professional conduct a spring maintenance inspection and cleanup at
each permeable pavement site, particularly at large-scale applications. Maintenance inspection
checklists for permeable pavements and the Maintenance Service Completion Inspection form can be
found in Appendix F Maintenance Inspection Checklists.
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Declaration of Covenants. A declaration of covenants that includes all maintenance responsibilities to
ensure the continued stormwater performance for the BMP is required. The Declaration of Covenants
specifies the property owner’s primary maintenance responsibilities and authorizes the <local
jurisdiction> staff to access the property for inspection or corrective action in the event the proper
maintenance is not performed. The Declaration of Covenants is attached to the deed of the property. A
template form is provided in Appendix O, although variations will exist for scenarios where stormwater
crosses property lines. The covenant is attached to the land and is to be recorded in the Register of
Deeds in the County office. All SWMPs have a maintenance agreement stamp that must be signed for a
building permit to proceed. A maintenance schedule must appear on the SWMP. Additionally, a
maintenance schedule is required in Exhibit C of the Declaration of Covenants.

Covenants are not required on government properties, but maintenance responsibilities must be
defined through a partnership agreement or a memorandum of understanding.

al of a BMP or land cover shall
nd federal law.

Waste Material. Waste material from the repair, maintenance, or re
be removed and disposed of in compliance with applicable local,

Enhanced Designs. These permeable pavement applicatio e an infiltration sump and water-quality
filter, but no underdrain. Enhanced designs rec ion value for the storage volume (Sv)

provided by the practice (Table 0.17). Since the
an accepted total suspended solids (TSS) treatme

Table 0.17 Enhanced Permeable Pave ention

Retention Value =Sv

Accepted TSS Treatment P N/A

Note: If using an infiltra
Enhanced Design Storage Vi@lume (Sv)y’Any volume stored in the practice above the sump is counted as
a standard design. When usi efGeneral Retention Compliance Calculator, the Sv of the infiltration
sump should be entered into théicell “Storage Volume Provided by the Practice” in the Permeable
Pavement — Enhanced row. Permeable Pavement — Standard should then be selected as the
downstream practice. Next, in the Permeable Pavement - Standard row, the Sv provided above the
infiltration sump should be entered into the cell “Storage Volume Provided by the Practice,” and the
surface area of the pavement should be entered in the “Area of Practice” cell.

Standard Designs. These permeable pavement applications have an underdrain, but no infiltration sump
or water quality filter. Standard designs receive a retention value of 5.0 cubic feet per 100 square feet of
practice area and are an accepted TSS removal practice for the storage volume (Sv) provided by the
practice (Table 0.18).
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Table 0.18 Standard Permeable Pavement Retention Value and Pollutant Removal

Retention Value 5.0 cubic feet per 100 square feet of practice

Accepted TSS Treatment Practice Yes

The practice must be sized using the guidance detailed in Section 4.2.4 Permeable Pavement Design
Criteria.

Permeable pavement also contributes to peak flow reduction. This contribution can be determined in
several ways. One method is to subtract the storage volume (Sv) achieved by the practice from the total
runoff volumes for the 2-year through the 100-year storm events. Th ulting reduced runoff volumes
can then be used to calculate a reduced NRCS CN for the site or SD, e reduced NRCS CN can then be
used to calculate peak flow rates for the various storm events. ologic modeling tools that
employ different procedures may be used as well.
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4.3 Infiltration

Infiltration

to infiltrate into the soil over a three-day period.

Definition: Practices that capture and temporarily store the design storm volume before allowing it

Site Applicability

BMP Performance Summary

Land Uses Required Footprint WQ Improvement: Moderate to High
= Urban TSst Total N! Bacteria?
= Suburban Small 75-80% 45-65% 65%
" Rural Runoff Reductions
Construction Costs Maintenance Burden Volume
Moderate Moderate Low
Maintenance Frequency:
Routine Non-Routine Trench
Quarterly Every 5-10 years 100% of Sv
Advantages/Benefits isadvantages/Limitation

= Excellent in impervious CDAs

= Helps restore pre-development hydrologic
conditions through groundwater recharge

= Reduces runoff rates, volumes, and pollutant
loads

= Attractive landscaping feature

= Good for small sites with porot

= Cannot be used in karst bedrock
Geotechnical testing required, two borings per
facility

Compo

Design considerations

= Pretreatment

= Conveyance syste
= Ponding area

= Soils/Filter Media/Mulc
= Observation Well/Monitor
= Plants

= Maximum ponding depth 18 inches

= Planting bed depths between 18-36 inches

= Depth to seasonal high water table must be at
least 6 inches

= Must infiltrate within 72 hours

= Underdrain system may be needed

Maintenance Activities

= Inspect for clogging
= Replace mulch as needed to maintain depth of
mulch

= Replace plant material as needed
= Replace soil if it becomes clogged
= Clean conveyance system(s)

1expected annual pollutant load removal
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Infiltration practices are suitable for use in residential and other urban areas where field measured
soil infiltration rates are sufficient. To prevent possible groundwater contamination, infiltration must
not be utilized at sites designated as stormwater hotspots. If properly designed, they can provide
significant reductions in post-construction stormwater runoff rates, volumes, and pollutant loads on
development sites. See Figure 0.17.

Figure 0.17 Infiltration in Median Strip

Definition. Practices that capture and temporarily store the design storm volume before allowing it to
infiltrate into the soil over a three-day period. Infiltration practices use temporary surface or
underground storage to allow incoming stormwater runoff to exfiltrate into underlying soils. Runoff first
passes through multiple pretreatment mechanisms to trap sediment and organic matter before it
reaches the practice. As the stormwater penetrates the underlying soil, chemical and physical
adsorption processes remove pollutants. Infiltration practices are suitable for use in residential and
other urban areas where field-verified saturated hydraulic conductivity is sufficient.
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Design variants include the following:

-1 Infiltration trench
-2 Infiltration basin

Infiltration Trenches: Infiltration trenches are excavated trenches filled with stone. Stormwater runoff
is captured and temporarily stored in the stone reservoir, where it is allowed to infiltrate into the
surrounding and underlying native soils. Infiltration trenches can be used to “receive” stormwater runoff
from contributing drainage areas of up to 2 acres in size and should only be used on development sites
where sediment loads can be kept relatively low (see Figure 0.18 and Figure 0.19).

Infiltration Basins: Infiltration basins are shallow, landscaped excavations filled with an engineered soil
mix. They are designed to capture and temporarily store stormwater runoff in the engineered soil mix,
where it is subjected to the hydrologic processes of evaporation and transpiration, before being allowed
to infiltrate into the surrounding soils. They are essentially non-underdf@ined bioretention areas and
should also only be used on drainage areas up to 5 acres where sedifient loads can be kept relatively

low (See Figure 0.20).
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125 | Page




4.3.1 Infiltration Feasibility Criteria

Infiltration practices have very high storage and retention capabilities when sited and designed
appropriately. Designers should evaluate the range of soil properties during initial site layout and seek
to configure the site to conserve and protect the soils with the greatest recharge and infiltration rates.
In particular, areas of HSG A or B soils, shown on the U.S. Department of Agriculture’s NRCS soil surveys,
should be considered as primary locations for infiltration practices. Additional information about soil
and infiltration are described in more detail later in this section. During initial design phases, designers
should carefully identify and evaluate constraints on infiltration, as follows:

Underground Injection Control for Class V Wells. In order for an infiltration practice to avoid
classification as a Class V well, which is subject to regulation under the Federal Underground Injection
Control program, the practice must be wider than the practice is deep. If an infiltration practice is
“deeper than its widest surface dimension” or if it includes an underground distribution system, then it
will likely be considered a Class V injection well. Class V injection wells are subject to permit approval by
the U.S. Environmental Protection Agency (EPA). For more informati n Class V injection wells and
stormwater management, designers should consult https: ov/sites/production/files/2015-
10/documents/epamemoinfiltrationclassvwells.pdf for EPA’s cl or stormwater infiltration.

Site Topography. The infiltration practice shall net . pes greater than 6%, although check
dams or other devices may be employed to redu : g, slope of the practice. Further, unless
slope stability calculations demonstratee i afiltration practices should be located a minimum
horizontal distance of 200 feet from g gradi ppes greater than 20%.

Minimum Hydraulic Head. Two or
infiltration practices.

ay be needed to promote flow through

Minimum Depth to W,
bottom of the infiltratio

vertical distance of 0.5 feet must be provided between the

Tidal Impacts. The bottom of tration practice should be located above the tidal 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 calculations.

Soils. Initially, soil infiltration rates can be estimated from NRCS soil data for feasibility purposes, but
designers must verify soil permeability by using the on-site soil investigation methods provided in
Appendix B Geotechnical Information Requirements for Underground BMPs for their design.

Use on Urban Fill Soils/Redevelopment Sites. Sites that have been previously graded or disturbed do
not typically retain their original soil permeability due to compaction. Therefore, such sites are often not
good candidates for infiltration practices unless the geotechnical investigation shows that a sufficient
saturated hydraulic conductivity exists.

Dry Weather Flows. Infiltration practices should not be used on sites receiving regular dry-weather
flows from sump pumps, irrigation water, chlorinated wash-water, or flows other than stormwater.

126 |Page


https://www.epa.gov/sites/production/files/2015-10/documents/epamemoinfiltrationclassvwells.pdf
https://www.epa.gov/sites/production/files/2015-10/documents/epamemoinfiltrationclassvwells.pdf

Setbacks. To avoid the risk of seepage, stormwater cannot flow from infiltration practices to traditional
pavement base layer, existing structure foundations, or future foundations which may be built on
adjacent properties. Setbacks to structures and property lines must be at least 10 feet and adequate
waterproofing protection must be provided for foundations and basements. Where the 10-foot setback
is not possible, an impermeable liner may be used along the sides of the infiltration area (extending
from the surface to the bottom of the practice). In locations where the surface soil consists of highly
permeable soils with little separation of the infiltration trench or basin bottom, the extent of ground
water mounding should be considered. Mounding can occur in areas where infiltrating water intersects
a groundwater table and the rate of water entering the subsurface is greater than the rate at which
water is conveyed away from the infiltration system (MPCA, 2019). Ground water mounding may impact
building foundations, soil stability, underground utilities and potentially on-site treatment systems (
septic leach beds).

All setbacks must be verified by a professional geotechnical engineer registered in the State of South
Carolina.

Proximity to Utilities. Interference with underground utilities s
site development is undertaken the expectation of achievin
commonplace on smaller sites and in the PROW. Consult any on recommended

voided, if possible. When large

Infiltration BMPs in the PROW will also conform with the South Carolina Department of
Transportation design specifications. Where conflicts canno avoided, follow these guidelines:

= Consider altering the location or sizing of the i BI\Pto avoid or minimize the utility
conflict. Consider an alternate BMP

= Use design features to mitigate licts that may arise by allowing the infiltration
BMP and the utility to coexis design may need to incorporate impervious
areas, through geotextiles or co on, to protect utility crossings. Other key design features may

= Evaluate the relocg i ity and install an optimally placed and sized infiltration
BMP.

= If utility functionality, lo d vehicular access to manholes can be assured, accept the
infiltration BMP design andY@cation with the existing utility. Incorporate into the infiltration BMP
design sufficient soil coverage over the utility or general clearances or other features such as an
impermeable linear to assure all entities the conflict is limited to maintenance.

Note: When accepting utility conflict into the infiltration BMP location and design, it is understood the
infiltration BMP will be temporarily impacted during utility work. At the conclusion of this work, the
utility owner will replace the infiltration BMP or, alternatively, install a functionally comparable
infiltration BMP according to the specifications in the current version of this guidebook. If the infiltration
BMP is located in the PROW the infiltration BMP restoration will also conform with the State of South
Carolina Department of Transportation design specification.

Pollutant Hotspots and High Loading Situations. Infiltration practices are not intended to treat sites
with high sediment or trash or debris loads, because such loads will cause the practice to clog and fail.
Infiltration practices must be avoided at potential stormwater hotspots that pose a risk of groundwater
contamination. In areas where higher pollutant loading is likely (i.e. oils and greases from fueling
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stations or vehicle storage areas, sediment from un-stabilized pervious areas, or other pollutants from
industrial processes), appropriate pretreatment, such as an oil-water separator or filtering device must
be provided. These pretreatment facilities should be monitored and maintained frequently to avoid
negative impacts to the infiltration area and groundwater.

On sites with existing contaminated soils, infiltration is not allowed.

Economic Considerations. Infiltration practices do require a designated space on the site, which in
space-constrained areas, may reduce available building space. However, infiltration practices have a
relatively low construction cost, and high space efficiency. In some cases, they can even be incorporated
into the detention design or landscaped areas

4.3.2 Infiltration Conveyance Criteria

The nature of the conveyance and overflow to an infiltration practice depends on the scale of infiltration
and whether the facility is on-line or off-line. Where possible, conventi@nal infiltration practices should
be designed off-line to avoid damage from the erosive velocities o er design storms. If runoff is
delivered by a storm drain pipe or along the main conveyance s infiltration practice shall be
designed as an off-line practice. Pretreatment shall be provi ain pipes and conveyance

Off-line Infiltration. Overflows can either be diverted fro ing the infiltration practice or dealt
with via an overflow inlet. Optional overflow methods inclu e following:

= Utilize a low-flow diversion or flow splitter a ow only the design SWRv to enter the
facility. This may be achieved with a weir or c ening Sized for the target flow, in combination
with a bypass channel. Using a wg g helps minimize clogging and reduces the
maintenance frequency (furthg ining the peak flow rate will be necessary in

= Use landscaping type in pes with trash guards as overflow devices.

On-line Infiltration. Ap mUust be incorporated into on-line designs to safely convey
i ea. Mechanisms such as elevated drop inlets and overflow weirs
are examples of how to dire i ws to a non-erosive down-slope overflow channel, stabilized water

4.3.3 Infiltration Pretreatment Criteria

Every infiltration system shall have pretreatment mechanisms to protect the long-term integrity of the
infiltration rate. One of the following techniques must be installed to pretreat 100% of the inflow in
every facility:

=  Grass channel

= Grass filter strip (minimum 20 feet and only if sheet flow is established and maintained)

= Forebay or sump pit (must accommodate a minimum 15% of the design storm volume)

= Gravel diaphragm (minimum 1 foot deep and 2 feet wide and only if sheet flow is established and
maintained)
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=  Filter system (see Section O Filtering Systems) If using a filter system as a pretreatment facility, the
sand filter will not require its own separate pretreatment facility.

= A proprietary structure with demonstrated capability of reducing sediment and hydrocarbons may
be used to provide pretreatment. Refer to Section O Proprietary Practices.

If the basin serves a CDA greater than 20,000 square feet, a forebay, sump pit, filter system, or
proprietary practice must be used for pretreatment.

Exit velocities from the pretreatment chamber shall not be erosive (above 6 fps) during the 15-year
design storm and flow from the pretreatment chamber should be evenly distributed across the width of
the practice (e.g., using a level spreader).

4.3.4 Infiltration Design Criteria
Geometry. Where possible, an infiltration practice should be designed
avoid classification as a Class V injection well. For more information
https://www.epa.gov/sites/production/files/2015-10/document

be wider than it is deep, to
lass V wells see
emoinfiltrationclassvwells.pdf

Surface Cover (optional). Designers may choose
infiltration practice.

Surface Stone. A 3-inch layer of c
the stone layer.

Stone Layer. Stone layer,
inches and a minimu

Observation Wells. All infi
well is used to observe the ratel@f drawdown within the infiltration practice following a storm event and
to facilitate periodic inspection and maintenance. The observation well should consist of a well-
anchored, perforated 4- to 6-inch diameter PVC pipe. There should be no perforation within 1 foot of
the surface. The observation well should extend vertically to the bottom of the stone layer and extend
upward to the top of ponding.

Underground Storage (optional). In the underground mode, runoff is stored in the voids of the stones
and infiltrates into the underlying soil matrix. Perforated corrugated metal pipe, plastic pipe, concrete
arch pipe, or comparable materials can be used in conjunction with the stone to increase the available
temporary underground storage. In some instances, a combination of filtration and infiltration cells can
be installed in the floor of a dry extended detention (ED) pond.

Overflow Collection Pipe (Overdrain). An optional overflow collection pipe can be installed in the stone
layer to convey collected runoff from larger storm events to a downstream conveyance system.
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Trench Bottom. To protect the bottom of an infiltration trench from intrusion by underlying soils, a sand
layer must be used. The underlying native soils must be separated from the stone layer by a 6- to 8-inch
layer of coarse sand (e.g., ASTM C-33, 0.02—0.04 inches in diameter).

Geotextile Fabric. An appropriate geotextile fabric that complies with AASHTO M-288 Class 2, latest
edition, requirements and has a permeability of at least an order of magnitude (10 times) higher than
the soil subgrade permeability must be used. This layer should be applied only to the sides of the
practice.

Material Specifications. Recommended material specifications for infiltration areas are shown in Table
0.19.

Table 0.19 Infiltration Material Specifications

Material Specification Notes

Surface Layer

Topsoil and grass layer
(optional) P & y

ides an attractive surface
Surface Stone Install a 3-inch layer of river stone or pea at can suppress weed
growt

diameter of 3.5 inches and a minimum

Clean, double-washed aggregate with

Stone Layer
y diameter of 1.5 inches.

Install one per 50 feet of length of
infiltration practice.

Install a vertical 6-inch Sched

Ob tion Well
servation TYe pipe, with a lockable cap and 3

Overflow

] . Use 4- or 6-inch rigid pipe, with three or four rows of 3/8-inch

Collection Pipe .
] perforations at 6
(optional)
Trench Bottom Install a 6-to 8 ay 57, ASTM C-33, 0.02-0.04 inches in diameter)
. . An app ile fabric that complies with AASHTO M-288 Class 2, latest edition,
Geotextile Fabric e . . .
. re ermeability of at least an order of magnitude (10 times) higher

(sides only) ‘

Practice Sizing. The proper app h for designing infiltration practices is to avoid forcing a large
amount of infiltration into a small area. Therefore, individual infiltration practices that are limited in size
due to soil permeability and available space need not be sized to achieve the full design storm volume
(SWRVv) for the CDA, as long as other stormwater treatment practices are applied at the site to meet the
remainder of the design storm volume.

Several equations (see following page) are needed to size infiltration practices. The first equations
establish the maximum depth of the infiltration practice, depending on whether it is a surface basin

(Equation 0.7) or trench with an underground reservoir (Equation 0.8).

Equation 0.7 Maximum Surface Basin Depth for Infiltration Basins

Amax = Ksat X tg
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Equation 0.8 Maximum Underground Reservoir Depth for Infiltration Trenches

d _ (Ksat X td)
max nr
where:
dmex = maximum depth of the infiltration practice (ft)
Ksat = field-verified saturated hydraulic conductivity for the native soils (ft/day)
ty = maximum drawdown time (day) (normally 3 days)
n, = available porosity of the stone reservoir (assume 0.4)

These equations make the following design assumptions:

Scale of Infiltration
Mode of Entry Small Scale Infiltration Conventional Infiltration
(2,500-20,000 ft?) (20,000-100,000 ft?)
Surface Basin 1.5 2.0
Underground Reservoir 5.0 varies

Once the maximum depth is known, calculate the surface area needed for an infiltration practice using
Equation 0.9 or Equation 0.10.

Equation 0.9 Surface Basin Surface Area for Infiltration Basins

_ DesignStorm
d + (Kgqe X tr)

Equation 0.10 Underground Reservoir Surface Area for Infiltration Trenches

131 |Page



DesignStorm

54 My X d) + (0.5 X Ksqr X tr)
where:
SA = surface area (ft?)
DesignStorm = SWRv or other design storm volume (ft3)
(e.g., portion of the SWRv)
n, = available porosity of the stone reservoir (assume 0.4)
d = infiltration depth (ft) (maximum depends on the scale of infiltration and
the results of Equation 0.7 or Equation 0.8)
Ksat = field-verified saturated hydraulic conductivity for the native soils
(ft/day)
tf = time to fill the infiltration facility (days
(typically 2 hours, or 0.083 days)
The storage volume (Sv) captured by the infiltration practice i he volume of water that is
fully infiltrated through the practice (i.e., no overflow). Des to infiltrate less than the

rearranging Equation 0.9 and Equation 0.10 to yield Equati 711 and Equation 0.12.

Equation 0.11 Storage Volume Calculation for Su Infiltration Basins

X [d (Ksat X tf)]

Equation 0.12 Storage Vol or Underground Reservoir Surface Area for Infiltration Trenches

A X [(nr X d) + (Ksat X tf)]

Infiltration practices can also be designed to address, in whole or in part, the detention storage needed
to comply with channel protection and/or flood control requirements. The designer can model various
approaches by factoring in storage within the stone aggregate layer, any perforated corrugated metal
pipe, plastic pipe, concrete arch pipe, or comparable materials installed within the reservoir, expected
infiltration, and any outlet structures used as part of the design. Routing calculations can also be used to
provide a more accurate solution of the peak discharge and required storage volume.

4.3.5 Infiltration Landscaping Criteria

Infiltration trenches can be effectively integrated into the site plan and aesthetically designed with
adjacent native landscaping or turf cover, subject to the following additional design considerations:
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= [nfiltration practices should not be installed until all up-gradient construction is completed and
pervious areas are stabilized with dense and healthy vegetation, unless the practice can be kept off-
line so it receives no runoff until construction and stabilization is complete.

= Vegetation associated with the infiltration practice buffers should be regularly maintained to limit
organic matter in the infiltration device and maintain enough vegetation to prevent soil erosion
from occurring.

4.3.6 Infiltration Construction Sequence

Infiltration practices are particularly vulnerable to failure during the construction phase for two reasons.
First, if the construction sequence is not followed correctly, construction sediment can clog the practice.
Second, loading from heavy construction equipment can result in compaction of the soil, which can then
reduce the soil’s infiltration rate. For this reason, a careful construction sequence needs to be followed.

During site construction, the following protective measures are absol critical:

= All areas proposed for infiltration practices should be fully pr, from sediment intrusion by silt

area cannot be restricted, then infiltration tests will be
the infiltration practice to ensure that the design infiltration rate

be used in an effort t0 e those rates. In this case further testing must be done to establish
design rates exist before*the infiltration practice can be installed.

e Finally, if it is infeasible to keep the proposed permeable pavement areas outside of the limits of
disturbance, excavation of the area cannot be restricted, and infiltration tests reveal design
rates cannot be restored, then a resubmission of the SWMP will be required.

= Any area of the site intended ultimately to be an infiltration practice should not be used as the site
of a temporary sediment trap or basin. If locating a sediment trap or basin on an area intended for
infiltration is unavoidable, the remedies are similar to those discussed for heavy equipment
compaction. If it is possible, restrict the invert of the sediment trap or basin to at least 2 feet above
the final design elevation of the bottom of the proposed infiltration practice. Then remediation can
be achieved with proper removal of trapped sediments and deep tilling practices. An alternate
approach to deep tilling is to use an impermeable linear to protect the in situ soils from
sedimentation while the sediment trap or basin is in use. In each case, all sediment deposits must be
carefully removed prior to installing the infiltration practice.
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= Keep the infiltration practice off-line until construction is complete. Prevent sediment from entering
the infiltration site by using super silt fence, diversion berms, or other means. In the soil erosion and
sediment control plan, indicate the earliest time at which stormwater runoff may be directed to a
conventional infiltration basin. The soil erosion and sediment control plan must also indicate the
specific methods to be used to temporarily keep runoff from the infiltration site.

= Upland CDAs need to be completely stabilized with a well-established layer of vegetation prior to
commencing excavation for an infiltration practice.

Infiltration Installation. The actual installation of an infiltration practice is done using the following
steps:

Step 1: Avoid Impact of Heavy Installation Equipment. Excavate the infiltration practice to the
design dimensions from the side using a backhoe or excavator. The floor of the pit should be completely
level, but equipment should be kept off the floor area to prevent soil campaction.

Step 2: Hang Geotextile Walls. Install geotextile fabric on the ch sides. Large tree roots should
be trimmed flush with the sides of infiltration trenches to preve ring or tearing of the geotextile
fabric during subsequent installation procedures. When layi xtile, the width should
include sufficient material to compensate for perimeter ir ch and for a 6-inch

horing objects should be placed on the
periods. Voids may occur between the

fabric at the trench sides, to keep the trench open during w
i laced in all voids, to ensure the fabric

fabric and the excavated sides of a trench. Natutal houl
conforms smoothly to the sides of excavation.

Step 3: Promote Infiltration Rate. om of the infiltration practice, and spread 6
inches of sand on the bottom as a fj

Step 4: Observation Wells. A ion well(s) and add stone to the practice in 1-foot
lifts.

Step 5: Stabilize Su i a. sod, where applicable, to establish a dense turf cover for at
least 10 feet around thesi iltration practice, to reduce erosion and sloughing.

infiltration practice is built in a dance with the approved design and this specification. Qualified
individuals should use detailed inspection checklists to include sign-offs at critical stages of construction,
to ensure that the contractor’s interpretation of the plan is consistent with the designer’s intentions.

4.3.7 Infiltration Maintenance Criteria

Maintenance is a crucial and required element that ensures the long-term performance of infiltration
practices. The most frequently cited maintenance problem for infiltration practices is clogging of the
stone layer by organic matter and sediment. The following design features can minimize the risk of

clogging:

Stabilized CDA. Infiltration systems may not receive runoff until the entire CDA has been completely
stabilized.
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Observation Well. Infiltration practices must include an observation well to facilitate periodic inspection
and maintenance. Design criteria must include an anchored 6-inch diameter perforated PVC pipe fitted

with a lockable cap installed flush with the ground surface.

No Geotextile Fabric on Bottom. Avoid installing geotextile fabric along the bottom of infiltration
practices. Experience has shown that geotextile fabric is prone to clogging. However, permeable

geotextile fabric should be installed on the trench sides to prevent soil piping.

Direct Maintenance Access. Access must be provided to allow personnel and heavy equipment to
perform atypical maintenance tasks, such as practice reconstruction or rehabilitation. While a turf cover

is permissible for small-scale infiltration practices, the surface must never be covered by an

impermeable material, such as asphalt or concrete.

Maintenance Inspections. Effective long-term operation of infiltration practices requires a dedicated

and routine maintenance inspection schedule with clear guidelines an
0.21. Where possible, facility maintenance should be integrated in
tasks.

Table 0.21 Typical Maintenance Activities for Infiltration Pr.

hedules, as shown in Table
utine landscaping maintenance

Schedule

=  Ensure that the CDA, inlets, and facili ace are clear of debris.

= Ensure that the CDA is sta t-reseeding if where needed
Quarterly =  Remove sediment and oil/g etreatment devices, flow diversion

structures, and overflow str

] s'at inflow and outflow structures.

L] ter a storm event in excess of 0.5 inch in depth. Standing
Semi-annual days is a clear indication of clogging.
inspection = d diversion structures for sediment build-up and
Annually = d sediment from the pretreatment cell.
As needed ] el/topsoil and top surface geotextile fabric (when clogged).

] ilter strips as necessary and remove the clippings.

It is highly recommended that a qualified professional conduct annual site inspections for infiltration

practices to ensure the practice performance and longevity of infiltration practices.

<local jurisdiction>'s maintenance inspection checklist for infiltration systems and the Maintenance
Service Completion Inspection form can be found in Appendix F Maintenance Inspection Checklists.

Declaration of Covenants. A declaration of covenants that includes all maintenance responsibilities to
ensure the continued stormwater performance for the BMP is required. The Declaration of Covenants
specifies the property owner’s primary maintenance responsibilities and authorizes the <local
jurisdiction> staff to access the property for inspection or corrective action in the event the proper
maintenance is not performed. The Declaration of Covenants is attached to the deed of the property. A
template form is provided in Appendix O, although variations will exist for scenarios where stormwater
crosses property lines. The covenant is attached to the land and is to be recorded in the Register of
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Deeds in the County office. All SWMPs have a maintenance agreement stamp that must be signed for a
building permit to proceed. A maintenance schedule must appear on the SWMP. Additionally, a
maintenance schedule is required in Exhibit C of the Declaration of Covenants.

Covenants are not required on government properties, but maintenance responsibilities must be
defined through a partnership agreement or a memorandum of understanding.

Waste Material. Waste material from the repair, maintenance, or removal of a BMP or land cover shall
be removed and disposed of in compliance with applicable local, state, and federal law.

4.3.8 Infiltration Stormwater Compliance Calculations

Infiltration practices receive 100% retention value for the storage volume (Sv) provided by the practice
(Table 0.22). Since the practice gets 100% retention value, it is not considered an accepted total
suspended solids (TSS) treatment practice.

Table 0.22 Infiltration Retention Value and Pollutant Removal

Retention Value =

Accepted TSS Treatment Practice N/A

The practice must be sized using the guidance d ed in Sec 4.3.4 Infiltration Design Criteria.

Infiltration practices also contribute to peak flow contribution can be determined in
several ways. One method is to subtra olume (Sv) from the total runoff volume for the 2-
year through the 100-year storm e educed runoff volumes can then be used to
calculate a reduced NRCS CN for duced NRCS CN can then be used to calculate

peak flow rates for the various stor ts. Other hydrologic modeling tools that employ different

procedures may be used
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4.4 Green Roofs

Green Roofs

Definition: Practices that capture and store rainfall in an engineered growing media installed over a
waterproof membrane that is designed to support plant growth on the roof of a building or other

structure.
Site Applicability BMP Performance Summary
Land Uses Required Footprint WQ Improvement: Moderate to High
TSS? Total N* Bacteria®
) ;{:Ei':ban Small 80% 45% 45%
Runoff Reductions
Construction Costs Maintenance Burden Volume
High Low Low
Maintenance Frequency:
Routine Non-Routine Irrigated
Semi-annually As needed 50% of Sv
Advantages/Benefits Disadvantages/Limitation

= Reduces runoff rates and pollutant loads
= Reduces runoff volume

= Energy savings: keep buildings cool, prolongs

roof life

= Retention and water quality treg
= Possible amenity space for pub
= Sound absorption

= Life cycle costs comp

its, strengthening structure may be

occur, may be harder to trace

= Design and installation require specialized

knowledge

Typically applied on flat roofs (1-2% pitch)

= |nstallation costs higher than for traditional
roof

Design considerations

= Engineered planting meg

= Filter layer.

= Containment (Modular systems - plant
containers; Non-modular systems - barriers at
roof perimeter/drainage structures).

= Drain layer, sometimes with built-in water
reservoirs.

= Water proofing layer or roof membrane with
root repellant.

= Good waterproofing material and installation
are essential.

= Materials used must be lightweight.

= Building structure must be able to support
saturated weight.

= Roofs with moderate to flat slopes are most
appropriate. Maximum roof slope of 15%.

Maintenance Activities

= Watering and fertilization until well-
established
= Occasional weeding

= |Inspection for proper drainage and plant
health
= Ordinary life cycle roof replacement

L expected annual pollutant load removal
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Green roofs are practices that capture and store rainfall in an engineered growing media that is
designed to support plant growth (see Figure 0.21). A portion of the captured rainfall evaporates or is
taken up by plants, which helps reduce runoff volumes, peak runoff rates, and pollutant loads on
development sites. Green roofs typically contain a layered system of roofing, which is designed to
support plant growth and retain water for plant uptake while preventing ponding on the roof sur-
face. The roofs are designed so that water drains vertically through the media and then horizontally
along a waterproofing layer towards the outlet. Extensive green roofs are designed to have minimal
maintenance requirements. Plant species are selected so that the roof does not need supplemental
irrigation or fertilization after vegetation is initially established.

Green roofs are typically not designed to provide stormwater detention of larger storms (e.g., 2 - 50-
year) although some intensive green roof systems may be designed to meet these criteria. Green roof
designs should generally be combined with a separate facility to provide large storm controls.

Figure 0.21 Green Roof
Photo: Center for Watershed Protections

Definition. Practices that capture and store rainfall in an engineered growing media installed over a
waterproof membrane that is designed to support plant growth on the roof of a building or other
structure. A portion of the captured rainfall evaporates or is taken up by plants, which helps reduce
runoff volumes, peak runoff rates, and pollutant loads on development sites. Green roofs typically
contain a layered system of roofing, which is designed to support plant growth and retain water for
plant uptake while preventing ponding on the roof surface. The roofs are designed so that water drains
vertically through the media and then horizontally along a waterproofing layer towards the outlet. Plant
species are selected so that the roof does not need supplemental irrigation and requires minimal,
infrequent fertilization after vegetation is initially established.
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Design variants include extensive and intensive green roofs.

G-1 Extensive green roofs have a much shallower growing media layer that typically ranges from 3 to
8 inches thick and are designed to have minimal maintenance requirements.

G-2 Intensive green roofs have a growing media layer that typically ranges from 8 to 48 inches thick.

Green roofs are typically not designed to provide stormwater detention of larger storms (e.g., 2 - 50-
year) although some intensive green roof systems may be designed to meet these criteria. Most green
roof designs shall generally be combined with a separate facility to provide large storm controls.

This specification is intended for situations where the primary design objective of the green roof is
stormwater management and, unless specified otherwise, addresses the design of extensive roof
systems. While rooftop practices such as urban agriculture may provide some retention, their primary
design objective is not stormwater management and is not addressed in this specification.

4.4.1 Green Roof Feasibility Criteria
Green roofs are ideal for use on commercial, institutional, muni ulti-family residential
buildings. They are particularly well-suited for use on ultra- t and redevelopment

Structural Capacity of the Roof. When designing a green
stormwater storage capacity of the green roof

esigners must not only consider the
ral capacity to support the weight of

all green roof designs to ensure that the building
See Section 4.4.4 Green Roof Design Criteria for

ce wind erosion of the media during high winds. New green
eply rooted are the most susceptible to plant damage and
ore, it is best to install a green roof three or more months prior

media blow-off in a hurrica :
ugh time for the plants to be established.

to hurricane season, to allow €

Roof Pitch. Green roof storage volume is maximized on relatively flat roofs (a pitch of 1% to 2%). Some
pitch is needed to promote positive drainage and prevent ponding and/or saturation of the growing
media. Green roofs can be installed on rooftops with slopes up to 30% if baffles, grids, or strips are used
to prevent slippage of the media. These baffles must be designed to ensure the roof provides adequate
storage for the design storm. Slopes greater than 30% would be considered a green wall, which is not
specifically identified as a stormwater BMP. Green walls can be used to receive cistern discharge
(calculations are necessary to determine demand) and can be used to comply with Green Area Ratio
Requirements.

Roof Access. Adequate, permanent access to the roof must be available to deliver construction
materials and perform routine maintenance. A temporary ladder is not sufficient for access to the roof.
Roof access can be achieved either by an interior stairway through a penthouse or by an alternating
tread device with a roof hatch or trap door not less than 16 square feet in area and with a minimum
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dimension of 24 inches (NVRC, 2007). Designers should also consider how they will get construction
materials up to the roof (e.g., by elevator or crane) and how the roof structure can accommodate
material stockpiles and equipment loads. If material and equipment storage is required, rooftop storage
areas must be identified and clearly marked based on structural load capacity of the roof.

Roof Type. Green roofs can be applied to most roof surfaces. Certain roof materials, such as exposed
treated wood and uncoated galvanized metal, may not be appropriate for green rooftops due to
pollutant leaching through the media (Clark et al., 2008).

Setbacks. Green roofs should not be located near rooftop electrical and HVAC systems. A 2-foot-wide
vegetation-free zone is recommended along the perimeter of the roof with a 1-foot vegetation-free
zone around all roof penetrations, to act as a firebreak. The 2-foot setback may be relaxed for small or
low green roof applications where parapets have been properly designed.

Contributing Drainage Area. It is recommended that the contributing
roof be limited to the green roof itself. In cases where there will be itional CDA, the designer must
provide sufficient design detail showing distribution of this additi off throughout the green roof
area to prevent erosion or overloading of the roof growing i se of level spreaders, splash
pads, perforated piping, or other flow dissipation techniqués: imum CDA to a green

inage area (CDA) to a green

roof shall be no more than 100% larger than the area o oof (e.g., 3 1,000-square-foot green
roof can have no more than 1,000 square feet of additio rvious cover draining to it).

Local Building Codes. The green roof design m local building codes with respect to
roof drains and emergency overflow devices. Adad uctural engineer should certify that the
design complies with structural building installed on historic buildings or in
historic districts, consult local building tectural review criteria to determine if any special

Additionally, a State of South Caroli : tctural engineer must certify that the design

complies with State building des. This is true for new construction as well as retrofit
projects.

Economic Consideration end to be one of the most expensive BMPs on a per cubic foot
captured basis. However, a allows stormwater management to be achieved in otherwise

unused space, a major benefit pace-constrained locations. Further, green roofs provide many other
non-stormwater services with economic benefits, including increased insulation and roof life expectancy

4.4.2 Green Roof Conveyance Criteria

The green roof drainage layer (refer to Section 4.4.4 Green Roof Design Criteria) must convey flow from
under the growing media directly to an outlet or overflow system such as a traditional rooftop
downspout drainage system. The green roof drainage layer must be adequate to convey the volume of
stormwater equal to the flow capacity of the overflow or downspout system without backing water up
onto the rooftop or into the green roof media. Roof drains immediately adjacent to the growing media
should be boxed and protected by flashing extending at least 3 inches above the growing media to
prevent clogging. However, an adequate number of roof drains that are not immediately adjacent to the
growing media must be provided so as to allow the roof to drain without 3 inches of ponding above the
growing media.
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4.4.3 Green Roof Pretreatment Criteria
Pretreatment is not necessary for green roofs.

4.4.4  Green Roof Design Criteria

Structural Capacity of the Roof. Green roofs can be limited by the additional weight of the fully
saturated soil and plants, in terms of the physical capacity of the roof to bear structural loads. The
designer shall consult with a licensed structural engineer to ensure that the building will be able to
support the additional live and dead structural load and to determine the maximum depth of the green
roof system and any needed structural reinforcement. Typically, the green roof manufacturer can
provide specific background specifications and information on their product for planning and design.

In most cases, fully saturated extensive green roofs have loads of about 15 to 30 pounds per square
foot, which is fairly similar to traditional new rooftops (12 to 15 pounds per square foot) that have a
waterproofing layer anchored with stone ballast. For a discussion of green roof structural design issues,
consult Chapter 9 in Weiler and Scholz-Barth (2009) and ASTM E239 2397M-15, Standard Practice
for Determination of Dead Loads and Live Loads Associated with tive (Green) Roof Systems
(ASTM, 2015).

Functional Elements of a Green Roof System. A green ro
or layers that combine to protect the roof and maintai

Plant Cover

Growing Media

Filter Fabg
Drainage

Root Ba
Insulation Layer o

Waterproofing Layer
Deck Layer

Figure 0.22 Typical layers for a green roof.
Note: the relative placement of various layers may vary depending on the type and design of the green
roof system.

The design layers include the following:

1. Deck Layer. The roof deck layer is the foundation of a green roof. It may be composed of concrete,
wood, metal, plastic, gypsum, or a composite material. The type of deck material determines the
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strength, load bearing capacity, longevity, and potential need for insulation in the green roof
system.

Leak Detection System (optional). Leak detection systems are often installed above the deck layer
to identify leaks, minimize leak damage through timely detection, and locate leak locations. Electric
Field Vector Mapping (EFVM°®) or other leak detection techniques are strongly recommended as part
of the green roof installation process. In the case of EFVM, the deck material must be conductive. If
it is not, an additional conductive medium may need to be added on top of the deck. Other leak
detection systems may require additional materials between the deck layer and the waterproofing
layer.

Waterproofing Layer. All green roof systems must include an effective and reliable waterproofing
layer to prevent water damage through the deck layer. A wide range of waterproofing materials can
be used, including hot applied rubberized asphalt, built up bitumen, modified bitumen,
thermoplastic membranes, polyvinyl chloride (PVC), thermoplastic olefin membrane (TPO), and
elastomeric membranes (EPDM) (see Weiler and Scholz-Barth, 2089, and Snodgrass and Snodgrass,
2006). The waterproofing layer must be 100% waterproof and an expected life span as long as
any other element of the green roof system. The waterpro ial may be loose laid or
bonded (recommended). If loose laid, overlapping and ad@i ction techniques should be
used to avoid water migration.

on whether the insulation layer is - he waterproofing layer (and thus exposed to

wetness), with closed cell insulg for use above the waterproofing layer.

Root Barrier. Another layer of , Which can be either above or below the
insulation layer dependin em, is a root barrier that protects the waterproofing
membrane from roo e range of root barrier options are described in Weiler and
Scholz-Barth (20089 rs or physical root barriers that have been impregnated
with pesticides, met emicals that could leach into stormwater runoff must be avoided

through the barrier.

Drainage Layer and Drainage System. A drainage layer is placed between the root barrier and the
growing media to quickly remove excess water from the vegetation root zone. The selection and
thickness of the drainage layer type is an important design decision that is governed by the desired
stormwater storage capacity, the required conveyance capacity, and the structural capacity of the
rooftop. The effective depth of the drainage layer is generally 0.25-1.5 inches thick for extensive
green roof system and increases for intensive designs. The drainage layer should consist of synthetic
or inorganic materials (e.g., 1-2-inch layer of clean, washed granular material (ASTM D448 size No. 8
stone or lightweight granular mix), high density polyethylene (HDPE)) that are capable of retaining
water and providing efficient drainage (ASTM, 2017). A wide range of prefabricated water cups or
plastic modules can be used, as well as a traditional system of protected roof drains, conductors,
and roof leaders. ASTM E2396 and E2398 can be used to evaluate alternative material specifications
(ASTM E2396, 2015 and ASTM E2398, 2015).

143 |Page



7. Root-Permeable Filter Fabric. A semi-permeable needled polypropylene filter fabric is normally
placed between the drainage layer and the growing media to prevent the media from migrating into
the drainage layer and clogging it. The filter fabric must not impede the downward migration of
water into the drainage layer.

8. Growing Media. The next layer in an extensive green roof is the growing media, which is typically 3—
8 inches deep. The recommended growing media for extensive green roofs is typically composed of
approximately 70%—80% lightweight inorganic materials, such as expanded slates, shales or clays;
pumice; scoria; or other similar materials. The media must contain no more than 30% organic
matter, normally well-aged compost (see Appendix C Soil Compost Amendment Requirements). The
percentage of organic matter should be limited, since it can leach nutrients into the runoff from the
roof and clog the permeable filter fabric. It is advisable to mix the media in a batch facility prior to
delivery to the roof. Manufacturer’s specifications should be followed for all proprietary roof
systems. More information on growing media can be found in Weiler and Scholz-Barth (2009) and
Snodgrass and Snodgrass (2006).

e different (although the organic
8—48 inches). If trees are
icient to provide enough

The composition of growing media for intensive green roofs
material limit still applies), and it is often much greaterind
included in the green roof planting plan, the growing m
soil volume for the root structure of mature trees.

consists of plants that are slow-
growing, shallow-rooted, perennial, and succulent. Th ants are chosen for their ability to
withstand harsh conditions at the roof surfa electing the appropriate green roof
plants can often be provided by green roof

Snodgrass (2006). A mix of base ground cover edtim species) and accent plants can be
used to enhance the visual ameni en roof. See Section 4.4.4 Green Roof Design
Criteria for additional plant infg must provide for temporary, manual, and/or
permanent irrigation or wate ending on the green roof system and types of plants.
For most applications, some typ€ vatering system should be accessible for initial establishment
or drought periods. Thé't fficient designs and/or use of non-potable sources are

no universal material specifica ist that cover the wide range of roof types and system
components currently availableSFhe ASTM has recently issued several overarching green roof standards,
which are described and referenced in Table 0.23 below.

Designers and reviewers should also fully understand manufacturer specifications for each system
component, particularly if they choose to install proprietary “complete” green roof systems or modules.
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Table 0.23 Extensive Green Roof Material Specifications

Material

Specification

Roof

Structural capacity must conform to ASTM E2397, Standard Practice for
Determination of Dead Loads and Live Loads Associated with Vegetative (Green)
Roof Systems. In addition, use standard test methods ASTM E2398, Standard Test
Method for Water Capture and Media Retention of Geocomposite Drain Layers for
Vegetated (Green) Roof Systems and ASTM E2399, Standard Test Method for
Maximum Media Density for Dead Load Analysis of Vegetative (Green) Roof
Systems.

Leak Detection System

Optional system to detect and locate leaks in the waterproof membrane.

Waterproof Membrane

See Chapter 6 of Weiler and Scholz-Barth (2009) for waterproofing options that are
designed to convey water horizontally across the roof surface to drains or gutter.
This layer may sometimes act as a root barrier.

Root Barrier

Impermeable liner that impedes root penetr of the membrane.

Drainage Layer

Depth of the drainage layer is generally 0 inches thick for extensive designs.

The drainage layer should consist of s ganic materials (e.g., gravel,
HDPE, etc.) that are capable of ret iding efficient drainage. A
wide range of prefabricated wa s can be used, as well as a
traditional system of protecte , conductors, and roof leaders. Designers
should consult the material speci s as outlined in ASTM E2396 and E2398.

Roof drains and emer
construction codes.

t be designed in accordance with the local

Filter Fabric

polypropylene geotextile, with the

e puncture resistance to withstand stresses of
green roof. Density as per ASTM D3776 > 8 oz/yd?.

ood flow of water to the drainage layer. Apparent Opening Size, as per

51, of > 0.06mm < 0.2mm, with other values based on Product Data

and other documentation as noted above.

= Allows at least fine roots to penetrate.

= Adequate resistance to soil borne chemicals or microbial growth both during
construction and after completion since the fabric will be in contact with
moisture and possibly fertilizer compounds.

Growth Media

70%—80% lightweight inorganic materials and a maximum of 30% organic matter
(e.g., well-aged compost). Material makeup of the growing media must be
provided. Media must provide sufficient nutrient and water holding capacity to
support the proposed plant materials. Determine acceptable saturated water
permeability using ASTM E2396. An acceptable emerging industry practice
combines the drainage layer with the growing media layer.

Plant Materials

Sedum, herbaceous plants, and perennial grasses that are shallow-rooted, low
maintenance, and tolerant of full and direct sunlight, drought, wind, and frost. See
ASTM E2400, Standard Guide for Selection, Installation, and Maintenance of Plants
for Green Roof Systems.
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Rock Wool and Contributing Drainage Area. As stated in Section 4.2.1 above, in cases where the green
roof CDA extends beyond the green roof itself, the design must include sufficient distribution or
dissipation of this additional runoff throughout the green roof. Typically, to provide sufficient
distribution, the additional roof area must have a higher elevation than the green roof, so that gravity
flow will allow the runoff to reach the green roof. If rock wool is used as the drainage layer for the green
roof, however, the additional CDA may be located at the same elevation as the base of the green roof.

Rock wool, also referred to as mineral wool, is a product that has somewhat recently begun to be
incorporated as the drainage layer for green roofs, as it absorbs water, but still allows excess water to
drain. The unique absorptive properties of rock wool allow it to absorb runoff from an adjacent roof
surface, which means the additional CDA to the green roof does not need to be at a higher elevation
than the green roof. The following caveats and requirements apply to this approach:

= No roof drains can be present in the additional contributing roof area, as they will provide a
preferential flow path that bypasses the green roof.

= The drainage layer cannot include an air layer. The rock wool
contact with the roof. Designs that include an air layer and
additional CDA are not acceptable.

e layer must be in direct
icking tongues” to capture the

=  Channels to facilitate overflow and eliminate rooft i ay be incorporated into the rock
wool:
e The maximum channel width is 0.5 inchg with the sides of the channel is

essential to ensure complete capture of
much bypass.

e Perforated pipe and other d imitiwater contact with the rock wool on the sides of the
channels are not accepta

e Channels must be evenly di out the green roof and be spaced no closer than
one channel every

The runoff flow path f
channels.

ting roof area must be less than or equal to the length of the

Solar Panels and Other Structures. Occasionally, structures such as solar panels or HVAC systems must
be installed above a green roof. These structures can be incorporated into a green roof design with no
adverse effects to the retention value assigned to the green roof if specific design requirements for
runoff disbursement, maintenance access, and sun/wind exposure are incorporated, including the
following:

= Structures above the green roof must be no more than 6.5 feet wide.

= Structures must have a minimum 3-foot separation between them.

= The lower edge of the structure must be at least 1 foot above the top of the green roof, and the
upper edge must be at least 2.5 feet above the top of the green roof. This allows for at least a 15-
degree tilt. For flatter installations, the lower edge would need to be raised to ensure that the 2.5-
foot minimum for the upper edge is met.

These design requirements are illustrated in Figure 0.23.
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between green roof products, verification of th
Management Plan (SWMP). Verification shall be |
described by ASTM tests E2396, E2397,

on a 4-inch thick green roof media
an 8-inch thick green roof media).
must be used. Equation 0.13 below sl
roof.

aboratory test results, the baseline default values
be used to determine the storage volume retained by a green

Roofs

Equation 0.13 Storage

_ SAX[(dXny)+ (DL xn,)]

Sv
12
where:
Sv = green roof storage volume (ft3)
SA = green roof area (ft?)
d = media depth (in.) (minimum 3 in.)
m = verified media maximum water retention (use 0.10 as a baseline default in the

absence of verification data)
DL = drainage layer depth (in.) (if the drainage layer is combined with the media layer,
then this value is 0)
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n, = verified drainage layer maximum water retention (use 0.0 as a baseline default in
the absence of verification data)

The appropriate Sv can then be compared to the required SWRv for the entire rooftop area (including all
conventional roof areas) to determine the portion of the design storm captured.

Green roofs can have dramatic rate attenuation effects on larger storm events and may be used, in part,
to manage a portion of the 2 - 50-year events. Designers can model various approaches by factoring in
storage within the drainage layer. Routing calculations can also be used to provide a more accurate
solution of the peak discharge and required storage volume.

4.4.5 Green Roof Landscaping Criteria
Plant selection, landscaping, and maintenance are critical to the performance and function of green
roofs. Therefore, a landscaping plan shall be provided for green roofs.

A planting plan must be prepared for a green roof by a landscape itect, botanist, or other

professional experienced with green roofs and submitted with

Plant selection for green roofs is an integral design consi ion, which is rned by local climate and
design objectives. The primary ground cover for most
succulent, such as Sedum, Delosperma, Talinum, Semperi
climate conditions and can tolerate the difficult i

(Snodgrass and Snodgrass, 2006).

Hieracium that is matched to the local
ions found on building rooftops

A list of some common green roof plant.speci k well'in the can South Lowcountry region be
found in Table 0.24 below.

Table 0.24 Ground Covers Appropris 5 'in the State of South Carolina

Moisture
Plant . Notes
Requirement
Delosperma cooperii Full Sun Dry Pink flowers; grows rapidly
Delosperma 'Kelaidis' Full Sun Dry Salmon flowers; grows rapidly
Delosperma nubigenum 'Basutoland'’ Full Sun Moist-Dry Yellow flowers; very hardy
Sedum album Full Sun Dry White flowers; hardy
Sedum lanceolatum Full Sun Dry Yellow flowers; native to U.S.
Part . .
Sedum oreganum Moist Yellow flowers; native to U.S.
Shade
Sedum stoloniferum Sun Moist Pink flowers; drought tolerant
Sedum telephiodes Sun Dry Blue green foliage; native to region
Part . . .
Sedum ternatum Shade Dry-Moist White flowers; grows in shade
Talinum calycinum Sun Dry Pink flowers; self-sows
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Moisture
Plant Light . Notes
Requirement

Note: Designers should choose species based on shade tolerance, ability to sow or not, foliage height, and
spreading rate. See Snodgrass and Snodgrass (2006) for a definitive list of green roof plants, including accent
plants.

Plant choices can be much more diverse for deeper intensive green roof systems. Herbs, forbs,
grasses, shrubs, and even trees can be used, but designers should understand they may have higher
watering, weeding, and landscape maintenance requirements.

The species and layout of the planting plan must reflect the location of the building, in terms of its
height, exposure to wind, snow loading, heat stress, orientation to the sun, and impacts from
surrounding buildings. Wind scour and solar burning have been observed on green roof installations
that failed to adequately account for neighboring building heights and surrounding window
reflectivity. In addition, plants must be selected that are fire resistamt and able to withstand heat,
cold, and high winds.

Designers should also match species to the expected rootin the growing media, which can

Bay watershed (which contrasts with nativ
such as bioretention and constructed wetla

ended minimum spacing for succulent plantings is 2 plugs per
square foot and 10 poUWhd square feet.

When planting cuttings, plt and mats, the planting window extends from the spring to early fall;
although, it is important to allow plants to root thoroughly before the first killing frost. Green roof
manufacturers and plant suppliers may provide guidance on planting windows as well as winter
care. Proper planting and care may also be required for plant warranty eligibility.

When appropriate species are selected, most green roofs will not require supplemental irrigation,
except for temporary irrigation during drought or initial establishment. The use of water-efficient
designs and/or use of non-potable sources is strongly encouraged. Permanent irrigation of extensive
roof designs is prohibited. For intensive roofs, permanent irrigation may be included. However,
permanent irrigation can adversely impact the rainfall retention capacity of the green roof. For this
reason, soil moisture monitors are a required part of the irrigation system for all irrigated green
roofs, and the calculated retention value for green roofs with permanent irrigation must be reduced
by 50%.
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The goal for green roof systems designed for stormwater management is to establish a full and
vigorous cover of low-maintenance vegetation that is self-sustaining (not requiring fertilizer inputs)
and requires minimal mowing, trimming, and weeding.

The green roof design should include non-vegetated walkways (e.g., paver blocks) to allow for easy
access to the roof for weeding and making spot repairs (see Section 4.4.4 Green Roof Design Criteria).

4.4.6 Green Roof Construction Sequence

Green Roof Installation. Given the diversity of extensive vegetated roof designs, there is no typical step-
by-step construction sequence for proper installation. The following general construction considerations
are noted:

Construct the roof deck with the appropriate slope and material.

Install the waterproofing method, according to manufacturer’s specifications.

Conduct electric field vector mapping (EVFM°) or flood testing t
Where possible, EVFM" is strongly recommended over the fl

sure the system is watertight.
t, but not all impermeable

of the waterproofing system.

Add additional system components (e.g., ins
drainage system, and filter fabric) pe rer’s specifications, taking care not to damage
the waterproofing. Any damage @ 2 reported immediately. Drain collars and

i e flow of excess stormwater.

The growing media should be m
the filter fabric surface i

very to the site. Media must be spread evenly over
he manufacturer. If a delay between the installation of the

accommodate foot or wf
the growing media to reduce

ow traffic. Foot traffic and equipment traffic should be limited over
ompaction beyond manufacturer’s recommendations.

The growing media should be moistened prior to planting, and then planted with the ground cover
and other plant materials, per the planting plan or in accordance with ASTM E2400 (2015). Plants
should be watered immediately after installation and routinely during establishment.

It generally takes 2 to 3 growing seasons to fully establish the vegetated roof. The growing medium
should contain enough organic matter to support plants for the first growing season, so initial
fertilization is not required. Extensive green roofs may require supplemental irrigation during the
first few months of establishment. Hand weeding is also critical in the first 2 years (see Table 10.1 of
Weiler and Scholz-Barth (2009) for a photo guide of common rooftop weeds).

Most construction contracts should contain a care and replacement warranty that specifies at least
50% coverage after 1 year and 80% coverage after 2 years for plugs and cuttings, and 90% coverage
after 1 year for Sedum carpet/tile.
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Construction Supervision. Supervision during construction is recommended to ensure that the
vegetated roof is built in accordance with these specifications. Inspection checklists should be used that
include sign-offs by qualified individuals at critical stages of construction and confirm that the
contractor’s interpretation of the plan is consistent with the intent of the designer and/or manufacturer.

An experienced installer should be retained to construct the vegetated roof system. The vegetated roof
should be constructed in sections for easier inspection and maintenance access to the membrane and
roof drains. Careful construction supervision/inspection is needed throughout the installation of a
vegetated roof, as follows:

= During placement of the waterproofing layer, to ensure that it is properly installed and watertight.

= During placement of the drainage layer and drainage system.

= During placement of the growing media, to confirm that it meets the specifications and is applied to
the correct depth (certification for vendor or source should be pr ed).

= Upon installation of plants, to ensure they conform to the pla lan (certification from vendor or

source should be provided).
= Before issuing use and occupancy approvals.

= At the end of the first or second growing season to®€hnsure ed surface cover specified in the
Care and Replacement Warranty has been achieved.

Construction phase inspection checklist for gree be found in Appendix E

Construction Inspection Checklists.

4.4.7 Green Roof Maintenance

ver and to look for leaks, drainage problems, and any
rooftop structural concern 3 25). In addition, the green roof should be hand weeded to
remove invasive or volug ) nts and/or media should be added to repair bare areas

pinpoint the exact location, makelocalized repairs, and then reestablish system components and ground

cover.

The use of herbicides, insecticides, and fungicides should be avoided, since their presence could hasten
degradation of some waterproofing membranes. Check with the membrane manufacturer for approval
and warranty information. Also, power washing and other exterior maintenance operations should be
avoided so that cleaning agents and other chemicals do not harm the green roof plant communities.

Fertilization is generally not recommended due to the potential for leaching of nutrients from the green
roof. Supplemental fertilization may be required following the first growing season, but only if plants
show signs of nutrient deficiencies and a media test indicates a specific deficiency. Addressing this issue
with the holder of the vegetation warranty is recommended. If fertilizer is to be applied, it must be a
slow-release type, rather than liquid or gaseous form.
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Maintenance inspection checklist for green roofs and the Maintenance Service Completion Inspection
form can be found in Appendix F Maintenance Inspection Checklists.

Table 0.25 Typical Maintenance Activities Associated with Green Roofs

Schedule .

. . Activity
(following construction)

As needed = Water to promote plant growth and survival.

or

. = Inspect the green roof and replace any dead or dying vegetation.
As required by manufacturer

= |Inspect the waterproof membrane for leaks and cracks.

= Weed to remove invasive plants and tree seedlings (do not dig or use
pointed tools where there is potential to harm the root barrier or
waterproof membrane).

Semi-annually = Inspect roof drains, scuppers, tters to ensure they are not

sponsibilities and authorizes the <local

or corrective action in the event the proper

Covenants are not required on gevernment properties, but maintenance responsibilities must be
defined through a partnership agreement or a memorandum of understanding.

Waste Material. Waste material from the repair, maintenance, or removal of a BMP or land cover shall
be removed and disposed of in compliance with applicable local, state, and federal law.

4.4.8 Green Roof Stormwater Compliance Calculations

Unirrigated green roofs receive 100% retention value for the storage volume (Sv) provided by the
practice. Permanently irrigated green roofs receive 50% retention value for the amount of Sv provided
by the practice (see Table 0.26). Since the practice gets 100% retention value, it is not considered an
accepted total suspended solids (TSS) treatment practice.

Table 0.26 Green Roof Design Performance

Retention Value (unirrigated) =Sv
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Retention Value (irrigated) =0.5 X Sv

Accepted TSS Treatment Practice N/A

The practice must be designed using the guidance detailed in Section 4.4.4 Green Roof Design Criteria.

Green roofs also contribute to peak flow reduction. This contribution can be determined in several ways.
One method is to subtract the storage volume (Sv) from the total runoff volume for the design storms.
The resulting reduced runoff volumes can then be used to calculate a reduced Natural Resource
Conservation Service (NRCS) curve number (CN) for the site or site drainage area (SDA). The reduced
NRCS CN can then be used to calculate peak flow rates for the various storm events. Other hydrologic
modeling tools that employ different procedures may be used as well.
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4.5 Rainwater Harvesting

Rainwater Harvesting

Definition: Rainwater harvesting systems store rainfall and release it for future use. Rainwater that
falls on a rooftop or other impervious surface is collected and conveyed into an above- or below-
ground tank (also referred to as a cistern), where it is stored for non-potable uses or for on-site
disposal or infiltration as stormwater.

Site Applicability BMP Performance Summary
Land Uses Required Footprint WQ Improvement: Moderate to High
= Urban TSst Total N! Bacteria?
= Suburban Small Varies* Varies* Varies*
" Rural Runoff Reductions
Construction Costs Maintenance Burden Rat Volume
Low to Moderate Moderate M at Varies*
Maintenance Frequency: Rv
Routine Non-Routine
efe Rainwater Harvesting Calculator
Quarterly Every 3 years

Advantages/Benefits Disadvantages/Limitation

er must be used on regular basis to
n capacity
= Stagnant water can breed mosquitos

= Reduces runoff rates and volume
= Can provide for/supplement irrigation needs

Components Design considerations

= Plumbing codes (for indoor tanks)

= Conveyance = Size based on CDA, local rainfall patterns, and
= First flush diverter projected harvest rainwater demand

= Cistern (storage ta = Location and elevation of cistern

= QOverflow = Tank manufacturer’s specifications

= Low water cutoff

= Pretreatment

Maintenance Activities

= |Inspect/clean pretreatment devices and first = |Inspect and clean storage tank
flush diverts = Maintenance log required
= Clear gutter/downspouts

lexpected annual pollutant load removal
*varies according to rainwater harvesting storage capacity and demand
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Rainwater harvesting systems store rainfall for future, non-potable water uses and on-site
stormwater disposal/infiltration. By providing a reliable and renewable source of water to end users,
rainwater harvesting systems can also have environmental and economic benefits beyond stormwater
management (e.g. in- creased water conservation, water supply during drought and mandatory
municipal water supply restrictions, decreased demand on municipal or groundwater supply,
decreased water costs for the end-user, potential for increased groundwater recharge, supply of
water post storm/hurricane in case of failed municipal infrastructure etc.).

Definition. Rainwater harvesting systems store rainfall and release it for future use. Rainwater that falls
on a rooftop or other impervious surface is collected and conveyed into an above- or below-ground tank
(also referred to as a cistern), where it is stored for non-potable uses or for on-site disposal or
infiltration as stormwater. Cisterns can be sized for commercial as well as residential purposes (see
Figure 0.24). Residential cisterns are commonly called rain barrels.

3 N e
k 3 . ‘,‘é'f“ g T T
C AR

Figure 0.24 Exén%ple Cistern Application
Photo: Marty Morganello
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The design includes the following:

R-1

Rainwater harvesting for non-potable uses

Non-potable uses of harvested rainwater may include the following:

Landscape irrigation,

Exterior washing (e.g., car washes, building facades, sidewalks, street sweepers, and fire trucks),
Flushing of toilets and urinals,

Fire suppression (e.g., sprinkler systems),

Supply for cooling towers, evaporative coolers, fluid coolers, and chillers,

Supplemental water for closed loop systems and steam boilers,

Replenishment of water features and water fountains,

Distribution to a green wall or living wall system, and

=  Laundry.

The seven primary components of a rainwater harvesti st re discussed in detail in Section 4.5.4
Rainwater Harvesting Design Criteria. Some are depicted i re 0.25. The components include the
following:

=  CDA surface,

Collection and conveyance system downspouts) (humber 1 in Figure 0.25)

Pretreatment, including prese diverters (number 2 in Figure 0.25)
Cistern (no number, but d

Water quality treatmén gui Appendix J Rainwater Harvesting Treatment and
Management Req

Distribution system

Overflow, filter path, or sec@fidary stormwater retention practice (number 8 in Figure 0.25)
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1l Grade

N Storage Tani

@ Rainwater collection point (roof drains, gutters, etc.) @Submersible feed p

(@ Rainwater enters a pretreatment device and is
—/ processed

3 | Diverted water from a pretreatment device to overflow @Overﬂow

g Smoothing inlet - “flow-calming” device to eliminate
turbulence of the incoming water as it enters the tank

@ Floating suction filter

NOT TO SCALE

ainwater harvesting systems are designed and/or utilized.

The following are key co rainwater harvesting feasibility. They are not comprehensive or
conclusive; rather, they are dations to consider during the planning process to incorporate
rainwater harvesting systems e site design

Plumbing Code. Designers and plan reviewers should consult with local construction codes to determine
the allowable indoor uses and required treatment for harvested rainwater. This specification does not
address indoor plumbing or disinfection issues. Designers and plan reviewers should refer to the 2012
Uniform Plumbing Code - Chapter 17 Non-potable Rainwater Catchment Systems, or local plumbing
codes, as applicable.

Mechanical, Electrical, Plumbing. For systems that call for indoor use of harvested rainwater, the seal of
a mechanical, electrical, and plumbing engineer is required.

Water Use. When rainwater harvesting will be used, the requirements in Appendix J Rainwater

Harvesting Treatment and Management Requirements must be followed. This will outline the design
assumptions and provide water quality end use standards.
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Available Space. Adequate space is needed to house the cistern and any overflow. Space limitations are
rarely a concern with rainwater harvesting systems if they are considered during the initial building
design and site layout of a residential or commercial development. Cisterns can be placed underground,
indoors, adjacent to buildings, and on rooftops that are structurally designed to support the added
weight. Designers can work with architects and landscape architects to creatively site the cisterns.
Underground utilities or other obstructions should always be identified prior to final determination of
the cistern location.

Site Topography. Site topography and cistern location should be considered as they relate to every inlet
and outlet invert elevation in the rainwater harvesting system.

The final invert of the cistern outlet pipe at the discharge point must match the invert of the receiving
mechanism (e.g., natural channel, storm drain system) and be sufficiently sloped to adequately convey
this overflow. The elevation drops associated with the various components of a rainwater harvesting
system and the resulting invert elevations should be considered early i e design, to ensure that the
rainwater harvesting system is feasible for the particular site.

Locating cisterns in low
er, it will incr the amount of pumping
buildifg or to irrigated areas situated on
i ay require larger diameter pipes with
smaller slopes but will generally reduce the amount of pum needed for distribution. It is often best

to locate a cistern close to the building or SDA, t of pipe needed.
Available Hydraulic Head. The required hydraulic depends on the intended use of the water. For
residential landscaping uses, the cistedr’ i p-gradient of the landscaping areas or on a raised

stand. Pumps are commonly used & dihwater to the end use to provide the required

often a pump is used to feed 3ller pressure tank inside the building, which then serves the
internal water demands. @ @ lise gravity to accomplish indoor residential uses (e.g.,

above the water table. The ta Id be located in a manner that does not subject it to flooding. In
areas where the tank is to be buried partially below the water table, special design features must be
employed, such as sufficiently securing the tank (to keep it from floating), and conducting buoyancy
calculations when the tank is empty. The tank may need to be secured appropriately with fasteners or
weighted to avoid uplift buoyancy. The combined weight of the tank and hold-down ballast must meet
or exceed the buoyancy force of the cistern. The cistern must also be installed according to the cistern
manufacturer’s specifications.

Soils. Cisterns should only be placed on native soils or on fill in accordance with the manufacturer's
guidelines. The bearing capacity of the soil upon which the cistern will be placed must be considered, as
full cisterns can be very heavy. This is particularly important for above-ground cisterns, as significant
settling could cause the cistern to lean or in some cases to potentially topple. A sufficient aggregate, or
concrete foundation, may be appropriate depending on the soils and cistern characteristics. Where the
installation requires a foundation, the foundation must be designed to support the cistern’s weight
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when the cistern is full, consistent with the bearing capacity of the soil and good engineering practice.
The pH of the soil should also be considered in relation to its interaction with the cistern material.

Proximity of Underground Utilities. All underground utilities must be taken into consideration during
the design of underground rainwater harvesting systems, treating all of the rainwater harvesting system
components and storm drains as typical stormwater facilities and pipes. The underground utilities must
be marked and avoided during the installation of underground cisterns and piping associated with the
system.

Contributing Drainage Area. The CDA to the cistern is the area draining to the cistern. Rooftop surfaces
are what typically make up the CDA, but paved areas can be used with appropriate treatment (oil/water
separators and/or debris excluders).

Contributing Drainage Area Material. The quality of the harvested rainwater will vary according to the
roof material or CDA over which it flows. Water harvested from certaipftypes of rooftops and CDAs, such
as asphalt sealcoats, tar and gravel, painted roofs, galvanized meta fs, sheet metal, or any material
that may contain asbestos may leach trace metals and other toxi unds. In general, harvesting
rainwater from such surfaces should be avoided. If harvestin or painted roof surface is

d result from mixing it with ground-level runoff from a
stormwater hotspot operg re higher pollution loading is likely, rainwater harvesting

saturation within 10 feet of bt oundations. While most systems are generally sited underground
and more than 10 feet laterally from the building foundation wall, some cisterns are incorporated into
the basement of a building or underground parking areas. In any case, cisterns must be designed to be
watertight to prevent water damage when placed near building foundations.

Vehicle Loading. Whenever possible, underground rainwater harvesting systems should be placed in
areas without vehicle traffic or other heavy loading, such as deep earth fill. If site constraints dictate
otherwise, systems must be designed to support the loads to which they will be subjected.

Feasibility. Rainwater harvesting systems are very well suited to the warm environment of South
Carolina and may help to relieve some of the pressure on drinking water aquifers, if applied on a wide
scale. In areas with a high-water table, above ground installations will often be more appropriate.

Economic Considerations. Rainwater harvesting systems can provide cost savings by replacing or
augmenting municipal water supply needs.

160 |Page



4.5.2 Rainwater Harvesting Conveyance Criteria
Collection and Conveyance. The collection and conveyance system consists of the gutters, downspouts,
and pipes that channel rainfall into cisterns. Gutters and downspouts should be designed as they would
for a building without a rainwater harvesting system.

Pipes, which connect downspouts to the cistern, should be at a minimum slope of 1.5% and
sized/designed to convey the intended design storm, as specified above. In some cases, a steeper slope
and larger sizes may be recommended and/or necessary to convey the required runoff, depending on
the design objective and design storm intensity. Gutters and downspouts should be kept clean and free
of debris and rust.

Overflow. An overflow mechanism must be included in the rainwater harvesting system design in order
to handle an individual storm event or multiple storms in succession exceed the capacity of the
cistern. The overflow pipe(s) must have a capacity greater than or | to the inflow pipe(s) and have a
diameter and slope sufficient to drain the cistern while maintai equate freeboard height. The

overflow pipe(s) must be screened to prevent access to the ammals and birds and
must include a backflow preventer if it connects directly or storm sewer. All
overflow from the system must be directed to an acce ath that will not cause erosion during

a 2-year storm event.

4.5.3 Rainwater Harvesting Pretreatment
Prefiltration is required to keep sediment, leaves, and other debris from the system. Leaf
screens and gutter guards meet the mini t for prefiltration of small systems, although
iltration is to significantly cut down on

components. This design intens aptures a significant portion of the total rainfall during a large
majority of rainfall events (NOAA, 2004). If the system will be used for channel and flood protection, the
2 - 50-year storm intensities must be used for the design of the conveyance and pretreatment portion of
the system. The Rainwater Harvesting Storage Volume Calculator, discussed more in Section 4.5.4
Rainwater Harvesting Design Criteria, allows for input of variable filter efficiency rates for the design
storm. To meet the requirements to manage the 2 - 50-year storms, a minimum filter efficiency of 90%
must be met.

=  First Flush Diverters. First flush diverters (see Figure 0.26) direct the initial pulse of rainfall away
from the cistern. While leaf screens effectively remove larger debris such as leaves, twigs, and
blooms from harvested rainwater, first flush diverters can be used to remove smaller contaminants
such as dust, pollen, and bird and rodent feces.

= Leaf Screens. Leaf screens are mesh screens installed over either the gutter or downspout to
separate leaves and other large debris from rooftop runoff. Leaf screens must be regularly cleaned
to be effective; if not maintained, they can become clogged and prevent rainwater from flowing into
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the cisterns. Built-up debris can also harbor bacterial growth within gutters or downspouts (Texas
Water Development Board, 2005).

= Roof Washers. Roof washers are placed just ahead of cisterns and are used to filter small debris
from harvested rainwater (see Figure 0.27). Roof washers consist of a cistern, usually between 25
and 50 gallons in size, with leaf strainers and a filter with openings as small as 30 microns. The filter
functions to remove very small particulate matter from harvested rainwater. All roof washers must
be cleaned on a regular basis.

= Hydrodynamic Separator. For large-scale applications, hydrodynamic separators and other devices
can be used to filter rainwater from larger CDAs.

Inlet

First
flush
chamber Cutiet

Figure 0.26 Diagram of a first flush diverter.
Texas Water Development Board, 2005
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Baffle

Remaovahle filter

Figure 0.27 Diagram of a roof washer.
Texas Water Development Board, 2005

4.5.4 Rainwater Harvesting Design Criteria

=  CDA or CDA surface
= Collection and conve
= (Cisterns (Storage

= Pretreatment, including

ng and first flush diverters

=  Water quality treatment (a
Management Requirements)

scribed in Appendix J Rainwater Harvesting Treatment and

= Distribution systems

= Qverflow, filter path, or secondary stormwater retention practice
The system components are discussed below:

=  CDA Surface. When considering CDA surfaces, smooth, non-porous materials will drain more
efficiently. Slow drainage of the CDA leads to poor rinsing and a prolonged first flush, which can
decrease water quality.

Rainwater can also be harvested from other impervious surfaces, such as parking lots and
driveways; however, this practice requires more extensive pretreatment and treatment prior to use.

= Collection and Conveyance System. See Section 4.5.4 Rainwater Harvesting Conveyance Criteria.
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Pretreatment. See Section 4.5.4 Rainwater Harvesting Pretreatment Criteria.

Cisterns (Storage Tank). Also known as the storage tank, the cistern is the most important and
typically the most expensive component of a rainwater harvesting system. Cistern capacities
generally range from 250 to 30,000 gallons, but they can be as large as 100,000 gallons or more for
larger projects. Multiple cisterns can be placed adjacent to each other and connected with pipes to
balance water levels and to tailor the storage volume needed. Typical rainwater harvesting system
capacities for residential use range from 1,500 to 5,000 gallons. Cistern volumes are calculated to
meet the water demand and stormwater storage volume retention objectives, as described further
below in this specification.

While many of the graphics and photos in this specification depict cisterns with a cylindrical shape,
the cisterns can be made of many materials and configured in various shapes, depending on the
type used and the site conditions where the cisterns will be installed. For example, configurations
can be rectangular, L-shaped, or step vertically to match the topography of a site. The following
factors should be considered when designing a rainwater harvesting’system and selecting a cistern:

e Aboveground cisterns should be ultraviolet and impact r

top of any fittings, and it must be secure
safety precautions/requirements should
maintenance.

e All rainwater harvesting d using a water-safe, non-toxic substance.

be ordered from a manufacturer or can be constructed on

Rainwater harvesting syste
i le 0.27 compares the advantages and disadvantages of

Dead storage below the'outlet to the distribution system and an air gap at the top of the cistern
must be included in the total cistern volume. For gravity-fed systems, a minimum of 6 inches of

dead storage must be provided. For systems using a pump, the dead storage depth will be based
on the pump specifications.

e Any hookup to a municipal backup water supply must have a backflow prevention device to
keep municipal water separate from stored rainwater; this may include incorporating an air gap
to separate the two supplies.
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Table 0.27 Advantages and Disadvantages of Typical Cistern Materials

Cistern Material Advantages Disadvantages

Fiberglass Commercially available, alterable and Must be installed on smooth, solid, level
moveable; durable with little maintenance; | footing; pressure proof for below-ground
light weight; integral fittings (no leaks); installation; expensive in smaller sizes
broad application

Polyethylene Commercially available, alterable, Can be UV-degradable; must be painted or
moveable, affordable; available in wide tinted for above-ground installations;
range of sizes; can install above or below pressure-proof for below-ground
ground; little maintenance; broad installation
application

Modular Storage Can modify to topography; can alter Longevity may be less than other
footprint and create various shapes to fit materials; higher risk of puncturing of
site; relatively inexpensive waterti membrane during construction

Plastic Barrels Commercially available; inexpensive age capacity (20-50 gallons);

i plication

Galvanized Steel Commercially available, alterable, and i ernal corrosion and rust;
moveable; available in a range of sizes; fi r potable use; can only
develops inside to prevent corrosion und; soil pH may limit

derground applications

Steel Drums Commercially available, alterable, and
moveable

Small storage capacity; prone to corrosion,
d rust can lead to leaching of metals;

ify prior to reuse for toxics; water pH
and soil pH may also limit applications

FerroConcrete Potential to crack and leak; expensive

Cast-in-Place
Concrete

Potential to crack and leak; permanent;
will need to provide adequate platform
and design for placement in clay soils

Stone or Concrete
Block

Difficult to maintain; expensive to build

=  Water Quality Treatment. Depending upon the collection surface, method of dispersal, and
proposed use for the harvested rainwater, a water quality treatment device may be required.
Treatment requirements are described in Appendix J Rainwater Harvesting Treatment and
Management Requirements.

= Distribution Systems. Most distribution systems require a pump to convey harvested rainwater
from the cistern to its final destination, whether inside the building, an automated irrigation system,
or gradually discharged to a secondary stormwater treatment practice. The rainwater harvesting
system should be equipped with an appropriately sized pump that produces sufficient pressure for
all end-uses.

The typical pump and pressure tank arrangement consists of a multi-stage, centrifugal pump, which
draws water out of the cistern and sends it into the pressure tank, where it is stored for distribution.
Some systems will not require this two-tank arrangement (e.g., low-pressure and gravel systems).

When water is drawn out of the pressure tank, the pump activates to supply additional water to the
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distribution system. The backflow preventer is required to separate harvested rainwater from the
main potable water distribution lines.

Distribution lines from the rainwater harvesting system should be buried beneath the frost line.
Lines from the rainwater harvesting system to the building should have shut-off valves that are
accessible when snow cover is present. A drain plug or cleanout sump must be installed to allow the
system to be completely emptied, if needed. Above-ground outdoor pipes must be insulated or
heat-wrapped to prevent freezing and ensure uninterrupted operation during winter if winter use is

planned.

=  Overflow. See Section 4.5.2 Rainwater Harvesting Conveyance Criteria.

Rainwater Harvesting Material Specifications. The basic material specifications for rainwater harvesting
systems are presented in Table 0.28. Designers should consult with experienced rainwater harvesting
system and irrigation installers on the choice of recommended manufacturers of prefabricated cisterns

and other system components.

Table 0.28 Design Specifications for Rainwater Harvesting System

Item
Materials commonly used for gutters and
Gutters v'|nyl, aI.umlnum, and galvanlzed steel. Lea
and since rainwater can dissolve the lead and con
=  The length of gutters and do
Downspouts .
catchment and the location o
n
At least one of the follg
= First flush diver,
Pretreatment | =  Hydrodynami€
= Roof washer
n
. cisterns must be structurally sound.
= onstructed in areas of the site where soils can support the load
. ed water.
Cisterns

be opaque or otherwise shielded to prevent the growth of algae.
= The size of the rainwater harvesting system(s) is determined through design calculations.

Note: This table does not address indoor systems or pumps.
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Design Objectives and System Configuration. Rainwater harvesting systems can have many design
variations that meet user demand and stormwater objectives. This specification provides a design
framework to achieve the SWRv objectives that are required to comply with the regulations, and it
adheres to the following concepts:

= Give preference to use of rainwater as a resource to meet on-site demand or in conjunction with
other stormwater retention practices.

= Reduce peak flow by achieving volume reduction and temporary storage of runoff.

Based on these concepts, this specification focuses on system design configurations that harvest
rainwater for internal building uses, seasonal irrigation, and other activities, such as cooling tower use
and vehicle washing. While harvested rainwater will be in year-round demand for many internal building
uses, some other uses will have varied demand depending on the time of year (e.g., cooling towers and
seasonal irrigation). Thus, a lower retention value is assigned to a type of use that has reduced demand.

Design Objectives and Cistern Design Set-Ups. Prefabricated rain
range in size from 250 to over 30,000 gallons. Three basic ciste
harvesting system configurations in this section.

harvesting cisterns typically
eet the various rainwater

=  Cistern Design 1. The first cistern set-up (Figure O.
meet the desired level of stormwater retention. This
used to meet a demand. An emergency ove exists
release outlet device (not including the pum
possible to address 2 - 50-year storm volume
purpose is to address the smaller S\

s the available storage volume to
also maximizes the storage that can be
the top of the cistern as the only gravity

——EMERGENCY
OVERFLOW

Figure 0.28 Cistern Design 1: Storage associated with the design storm volume only.
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= (Cistern Design 2. The second cistern set-up (Figure 0.29) uses cistern storage to meet the SWRv
retention objectives and also uses additional detention volume to meet some or all of the 2 - 50-
year storm volume requirements. An orifice outlet is provided at the top of the design storage for
the SWRv level, and an emergency overflow is located at the top of the detention volume level.

EMERGENCY
OVERFLOW
WITH2-YRAND 15-YR
DETENTION
[} ORIFICE
- QUTLET

Figure 0.29 Cistern Design 2: Storage a i 3sign storm, channel protection, and flood volume.
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Cistern Design 3. The third cistern set-up (Figure 0.30) creates a constant drawdown within the
system. The small orifice at the bottom of the cistern needs to be routed to an appropriately
designed secondary practice (i.e., bioretention, stormwater infiltration) that will allow the rainwater
to be treated and allow for groundwater recharge over time. The release must not be discharged to
a receiving channel or storm drain without treatment, and maximum specified drawdown rates from
this constant drawdown should be adhered to, since the primary function of the system is not
intended to be detention.

While a small orifice is shown at the bottom of the cistern in Figure 0.30, the orifice could be
replaced with a pump that would serve the same purpose, conveying a limited amount of water to a
secondary practice on a routine basis.

For this design, the secondary practice must be considered a component of the rainwater harvesting
system with regard to the storage volume calculated in the General Retention Compliance
Calculator in Appendix H. In other words, the storage volume associated with the secondary practice
must not be included as a separate BMP because the secondary ice is an integral part of a
rainwater harvesting system with a constant drawdown.

EMERGENCY
OVERFLOW

ORIFICE
QUTLET

CONSTANT
DRAWDOWN

Figure 0.30 Cistern Design 3: Constant drawdown version where storage is associated with design storm,
channel protection, and flood volume.
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Sizing of Rainwater Harvesting Systems. The rainwater harvesting cistern sizing criteria presented in
this section were developed using a spreadsheet model that used best estimates of indoor and outdoor
water demand, long-term rainfall data, and CDA capture area data (Forasté 2011). The Rainwater
Harvesting Storage Volume Calculator is for cistern sizing guidance and to quantify the retention value
for storage volume achieved. This storage volume value is required for input into the General Retention
Compliance Calculator and is part of the submission of a SWMP using rainwater harvesting systems for
compliance. A secondary objective of the spreadsheet is to increase the beneficial uses of the stored
stormwater, treating it as a valuable natural resource. More information on the Rainwater Harvesting
Storage Volume Calculator can be found later in this section. The spreadsheet can be found on the
District of Columbia website at https://doee.dc.gov/guidebook .

Rainwater Harvesting Storage Volume Calculator. The design specification provided in this section is
linked with the Rainwater Harvesting Storage Volume Calculator. The spreadsheet uses daily rainfall
data from September 1, 1977 to September 30, 2007 to model performance parameters of the cistern
under varying CDAs, demands on the system, and cistern size.

The runoff that reaches the cistern each day is added to the wa at existed in the cistern the
previous day, with all of the total demands subtracted on a is. overflow is realized, the
volume is quantified and recorded. If the cistern runs dry
volume in the cistern is fixed at the low level. A summ er balance for the system is
provided below.

Incremental Design Volumes within Cistern. R

varying precipitation levels, captured CDA runof iversion (through filters) and filter

efficiency, low water cut-off volume, dynamic wat e beginning of various storms, storage
i age needed for 2 - 50-year volume (temporary

e and objectives, overflow volume, and

els during large storms. See Figure 0.31 for a graphical

atal design volumes.

detention storage), seasonal and
freeboard volumes above high wate
repre