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CITY OF FRANKLIN

BEST MANAGEMENT PRACTICE
STORMWATER MANAGEMENT MANUAL

Section 5 - Permanent Stormwater Treatment Controls (PTP)

5.1 Introduction

This section presents the BMP fact sheets for Permanent Stormwater Treatment Controls (PTP). PTPs
are intended to treat stormwater runoff in the long-term. Unlike many of the other BMP types, these
can be designed to achieve both stormwater quantity and quality management objectives. The Long
Term Maintenance Plan (LTMP) and Agreement is also included as a part of this section on the following

page.

5.2 Management Practice Fact Sheets

This section contains the following BMP fact sheets.

Green Infrastructure Permanent Treatment Practice Fact Sheets

Fact Fact

Sheet ID Description Sheet ID Description
GIP -01 | Bioretention GIP -06 | Extended Detention Pond
GIP-02 | Urban Bioretention GIP - 07 | Sheet Flow

GIP-03 | Permeable Pavement GIP - 08 | Reforestation

GIP - 04 | Infiltration Trenches GIP-09 | Green Roof

GIP-05 | Water Quality Swale

TSS Permanent Treatment Practice Fact Sheets

Shl;aecttID Description ShZZitID Description
TSS-01 | Stormwater Wet Ponds TSS —07 | Grass Channels

TSS—-02 | Constructed Wetlands TSS-08 | Underground Sand Filters
TSS - 03 | Surface Sand Filters TSS—-09 | Perimeter Sand Filters
TSS—04 | Water Quality Swales TSS—-10 | Organic Filters

TSS—-05 | Dry Ponds TSS—11 | Gravity (Oil-Grit) Separators
TSS—-06 | Filter Strips

Each fact sheet has a quick reference guide indicating what pollutant constituents the BMP is targeting
and implementation requirements. The BMPs presented in this section are intended to serve as
permanent treatment measures. Additional details are provided in sections covering Temporary
Construction Site Runoff Management Practices (TCPs) for practices that are intended to function on a
short-term basis (lasting only as long as construction activities) and Permanent Erosion Prevent and
Sediment Control (PESC) for practices that are intended to function on a long-term basis.

The City of Franklin approves the use of underground detention. An ADS system or comparable may be
designed to meet detention/retention requirements. (more information on these type systems can be
found at the following link www.ads-pipe.com)
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ACTIVITY: Bioretention

Bioretention

Description: Bioretention cells are vegetated, shallow depressions.
Captured runoff is treated by filtration through an engineered soil
medium, and is then either infiltrated into the subsoil or exfiltrated
through an underdrain.

Variations:

Constructed without underdrain in soils with measured infiltration
rates greater than 0.5 inch per hour, and with an underdrain in less
permeable soils.

Advantages/Benefits:

e Reduced runoff volume

e Reduced peak discharge rate

Reduced Total Suspended Solids (TSS)

Reduced pollutant loading

Reduced runoff temperature

Groundwater recharge (if soils are sufficiently permeable)
Habitat creation

e Enhanced site aesthetics

e Reduced heat island effect

Disadvantages/Limitations:

e Problems with installation can lead to failure

e  Minimum 2 foot separation from groundwater is required

e Suitable for pollution hotspots only with underdrain and liner

Design Considerations:
e Maximum contributing impervious drainage area of 2.5 acres
e Slope of drainage area = 1 — 5% or terraced to slow flow
e Building Setbacks
e For 0to 0.5 acre drainage area: 10 feet if down-gradient
from building or level; 50 feet if up-gradient.
e 0.5to0 2.5 acre drainage area: 25 feet if down-gradient
from building or level; 100 feet if up-gradient.

Right of Way Applications

e Used in medians and right of way

e Stormwater can be conveyed by sheet flow or grass channels

e Pretreatment is especially important in roadway applications
where sediment loads may be high

e Design as a series of cells running parallel to roadway

e See GIP-02 Urban Bioretention for additional information

Selection Criteria:

Level 1 — 60% Runoff Reduction Credit
Level 2 — 80% Runoff Reduction Credit

Land Use Considerations:

X | Residential

x | Commercial

x | Industrial (with City approval)

Maintenance:

e Regular maintenance of landscaping to
maintain healthy vegetative cover

e Irrigation when necessary during first
growing season

e Periodic trash removal

Maintenance Burden

L=Low M = Moderate H =High
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SECTION 1: DESCRIPTION

Individual bioretention areas can serve impervious drainage areas of 2.5 acres or less; though several cells may be
designed adjacent to each other to accommodate larger areas. Surface runoff is directed into a shallow landscaped
depression that incorporates many of the pollutant removal mechanisms that operate in forested ecosystems. The
primary component of a bioretention practice is the filter bed, which has a mixture of sand, soil and organic
material as the filtering media typically with a surface mulch layer. During storms, runoff temporarily ponds 6
inches above the mulch layer and then rapidly filters through the bed. If the subsoil infiltration rate is 0.5 inches
per hour or less, the filtered runoff is collected in an underdrain and returned to the storm drain system. The
underdrain consists of a perforated pipe in a gravel layer installed along the bottom of the filter bed. Underdrains
can also be installed beneath a portion of the filter bed, above a stone “sump” layer, or eliminated altogether,
thereby increasing stormwater infiltration.

Bioretention can also be designed to infiltrate runoff into native soils. This can be done if the soil infiltration rate
is greater than 0.5 inches per hour, the groundwater table is low, and the risk of groundwater contamination is
low.

SECTION 2: PERFORMANCE

The overall runoff reduction capabilities of bioretention in terms of the Runoff Reduction Method are
summarized in Table 1.1. Bioretention creates a good environment for runoff reduction, filtration, biological
uptake, and microbial activity, and provides high pollutant removal. Bioretention can become an attractive
landscaping feature with high amenity value and community acceptance.

Table 1.1. Runoff Volume Reduction Provided by Bioretention Basins

Stormwater Function Level 1 Design Level 2 Design

Runoff Volume Reduction (RR) 60% 80%

Sources: CSN (2008) and CWP (2007)
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GIP-01

SECTION 3: DESIGN TABLE

Table 1.2. Bioretention Design Criteria

Level 1 Design (RR: 60)
Sizing (Section 6.1)

Surface Area (sq. ft.) = Tv / Storage Depth?

Level 2 Design (RR: 80)
Sizing (Section 6.1)

Surface Area (sq. ft.) = (1.25*Tv) / Storage Depth?

Recommended maximum contributing impervious drainage area = 2.5 acres
Maximum Ponding Depth = 6 inches

Filter Media Depth minimum = 24 inches;
recommended maximum = 6 feet

Filter Media Depth minimum = 36 inches;
recommended maximum = 6 feet

Media & Surface Cover (Section 6.6) = mixed onsite or supplied by vendor; the final composition should be: Max
60% sand; less than 40% silt; 5% to 10% organic matter; and less than 20% clay by volume

Sub-soil Testing (Section 6.2): Testing is required.
Min infiltration rate > 0.5 inch/hour in order to remove
the underdrain requirement.

Sub-soil Testing (Section 6.2): Testing is required.
Min infiltration rate > 0.5 inch/hour in order to
remove the underdrain requirement.

Underdrain & Underground Storage Layer (Section 6.7)
= PVC or Corrugated HDPE with clean outs, and a
minimum 12-inch stone sump below the invert; OR,
none, if soil infiltration requirements are met (Section
6.2)

Inflow: sheet flow, curb cuts, trench drains, concentrated flow, or the equivalent
Geometry (Section 6.4):
Length of shortest flow path/Overall length = 0.3; OR,
other design methods used to prevent short- circuiting; a
one-cell design (not including the pre- treatment cell).

Underdrain (Section 6.7) = PVC or Corrugated HDPE
with clean-outs OR, none, if soil infiltration
requirements are met (Section 6.2)

Geometry (Section 6.3):

Length of shortest flow path/Overall length = 0.8; OR,
other design methods used to prevent short-circuiting; a
two-cell design (not including the pretreatment cell).

Pre-treatment (Section 6.4): a pretreatment cell,
grass filter strip, gravel diaphragm, gravel flow
spreader, or another approved (manufactured) pre-
treatment structure.

Conveyance & Overflow (Section 6.5)

Pre-treatment (Section 6.4): a pretreatment cell plus
one of the following: a grass filter strip, gravel diaphragm,
gravel flow spreader, or another approved
(manufactured) pre-treatment structure.
Conveyance & Overflow (Section 6.5)
Planting Plan (Section 6.8): a planting template to
include perennials, grasses, sedges, and shrubs to
achieve surface area coverage of at least 75% within 2
years by using the recommended spacing in Tables 1.3 —
1.8. MUST also include trees planted at 1 tree/400 s.f.
Suggested Building Setbacks 3 (Section 5):

0 to 0.5 acre CDA = 10 feet if down-gradient from building or level; 50 feet if up-gradient.

0.5 to 2.5 acre CDA = 25 feet if down-gradient from building or level; 100 feet if up-

gradient. (Refer to additional setback criteria in Section 5)

Planting Plan (Section 6.8): a planting template to
include perennials, grasses, sedges or shrubs to achieve
a surface area coverage? of at least 75% within 2 years
by using the recommended spacing in Tables 1.3 - 1.8

Long Term Maintenance Requirements (Section 10)

IStorage depth is the sum of the porosity (n) of the soil media and gravel layers multiplied by their respective depths,
plus the surface ponding depth. Refer to Section 6.1.

2Surface area coverage in reference to planting is the percentage of vegetative cover in a planting area.

3These are recommendations for simple building foundations. If an in-ground basement or other special conditions
exist, the design should be reviewed by a licensed engineer. Also, a special footing or drainage design may be used to
justify a reduction of the setbacks noted above.

The most important design factor to consider when applying bioretention to development sites is the scale at
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which it will be applied, as follows:

Rain Gardens. These are small, distributed practices designed to treat runoff from small areas, such as individual
rooftops, driveways and other on-lot features in single-family detached residential developments. Inflow is
typically sheet flow, or can be concentrated flow with energy dissipation, when located at downspouts. Rain
gardens do not currently count toward a runoff reduction credit. Please see www.raingardensfornashville.com for
more information on residential rain garden construction.

Bioretention Basins. These atre structures treating parking lots and/or commercial rooftops, usually in
commercial or institutional areas. Throughout this GIP bioretention basins are simply referred to as Bioretention.
Inflow can be either sheet flow or concentrated flow. Bioretention basins may also be distributed throughout a
residential subdivision, but they should be located in common areas and within drainage easements, to treat a
combination of roadway and lot runoff.

The major design goal for bioretention is to maximize
runoff volume reduction and pollutant removal. To this
end, designers may choose to go with the baseline design
(Level 1) or choose an enhanced design (Level 2) that
maximizes pollutant and runoff reduction. If soil
conditions require an underdrain, bioretention areas can
still qualify for the Level 2 design if they contain a stone
storage layer beneath the invert of the underdrain.

Table 1.2 outlines the Level 1 and 2 bioretention design
guidelines. Local simulation modeling supports these
runoff reduction credits for the mentioned contributing
drainage area (CDA) to surface area ratios.

Figure 1.1. A typical Bioretention Basin
treating a commercial rooftop
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SECTION 4: TYPICAL DETAILS

Figures 1.2 through 1.6 provide some typical details for several bioretention configurations. Additional details
are provided in Appendix 1-B of this design specification.
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Figure 1.2. Typical Detail of Bioretention with Additional Surface Ponding
(source: VADCR, 2010)
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Figure 1.3. Typical Detail of a Bioretention Basin within the Upper Shelf of an ED Pond
(source: VADCR, 2010)
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Figure 1.4 - Pretreatment Option - Grass Filter for Sheet Flow (source: VADCR, 2010)

SIDE SLCPE TC
PRAZTICE

M= z]:
rr. VASHED GRAV

r.'lH MTH 1 I

GRAVEL DIAPHFIAGM SHEET FLOW PHETHEATMENT

ﬁll_'l:___ _ i ﬁ

Figure 1.5 - Pretreatment Option — Gravel Diaphragm for Sheet (source: VADCR, 2010)
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GIP-01
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Figure 1.6: Pre-Treatment Option — Gravel Flow Spreader for Concentrated Flow Outside of ROW

(source: VADCR, 2010)

SECTION 5: PHYSICAL FEASIBILITY & DESIGN APPLICATIONS

5.1 Physical Feasibility

Bioretention can be applied in most soils or topography, since runoff simply percolates through an engineered
soil bed and can be returned to the stormwater system if the infiltration rate of the underlying soils is low. Key
constraints with bioretention include the following:

Available Space. Planners and designers can assess the feasibility of using bioretention facilities based on a
simple relationship between the contributing drainage area and the corresponding required surface area. The
bioretention surface area will be approximately 3% to 10% of the contributing drainage area, depending on the
imperviousness of the contributing drainage area (CDA), the subsoil infiltration rate, and the desired

bioretention design level.

Site Topography. Bioretention is best applied when the grade of contributing slopes is greater than 1% and
less than 5%. Terracing or other inlet controls may be used to slow runoff velocities entering the facility.

Available Hydraulic Head. Bioretention is fundamentally constrained by the invert elevation of the existing
conveyance system to which the practice discharges (i.e., the bottom elevation needed to tie the underdrain from
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the bioretention area into the storm drain system). In general, 3 feet of elevation above this invert is needed to
create the hydraulic head needed to drive stormwater through a proposed bioretention filter bed. Less hydraulic
head is needed if the underlying soils are permeable enough to dispense with the underdrain.

Water Table. Bioretention should always be separated from the water table to ensure that groundwater does
not intersect the filter bed. Mixing can lead to possible groundwater contamination or failure of the bioretention
facility. A separation distance of 2 feet is recommended between the bottom of the excavated bioretention area
and the seasonally high ground water table.

Utilities. Designers should ensure that future tree canopy growth in the bioretention area will not interfere with
existing overhead utility lines. Interference with underground utilities should also be avoided, particularly water
and sewer lines. Local utility design guidance should be consulted in order to determine the horizontal and
vertical clearance required between stormwater infrastructure and other dry and wet utility lines.

Soils. Soil conditions do not constrain the use of bioretention, although they determine whether an underdrain
is needed. Impermeable soils in Hydrologic Soil Group (HSG) C or D usually require an underdrain, whereas
HSG A soils and most HSG B soils generally do not. Initially, soil infiltration rates can be estimated from NRCS
soil data, but they must be confirmed by an on-site infiltration evaluation (See Appendix 1-A).

Contributing Drainage Area. Bioretention works best with smaller contributing drainage areas, where it is
easier to achieve flow distribution over the filter bed without experiencing erosive velocities and excessive
ponding times. Typical drainage area size can range from 0.1 to 2.5 acres of impervious cover due to limitations
on the ability of bioretention to effectively manage large volumes and peak rates of runoff. However, if hydraulic
considerations are adequately addressed to manage the potentially large peak inflow of larger drainage areas (such
as off-line or low-flow diversions, forebays, etc.), there may be case-by-case instances where the City may allow
these recommended maximums to be adjusted. In such cases, the bioretention facility should be located within
the drainage area so as to capture the Treatment Volume (T\) equally from the entire contributing area, and not
fill the entire volume from the immediately adjacent area, thereby bypassing the runoff from the more remote
portions of the site.

Hotspot Land Uses. Runoff from hotspot land uses should not be treated with infiltrating bioretention (i.e.,
constructed without an underdrain). For a list of potential stormwater hotspots, please consult Section 11.1. An
impermeable bottom liner and an underdrain system may be employed, with the City approval, when
bioretention is used to receive and treat hotspot runoff.

Floodplains. Bioretention areas should be constructed outside the limits of the 100-year floodplain.

No Irrigation or Baseflow. The planned bioretention area should not receive baseflow, irrigation water,
chlorinated wash-water or other such non-stormwater flows that are not stormwater runoff, except for irrigation
as necessary for the survival of plantings within the bioretention area.

Setbacks. To avoid the risk of seepage, follow prescribed setbacks which attempt to prevent bioretention area
infiltration from flow towards structure foundations or pavement. Setbacks to structures and roads vary, based
on the scale of the bioretention design (see Table 1.2 above). At a minimum, bioretention basins should be
located a horizontal distance of 100 feet from any water supply well, 50 feet from septic systems, and at least 5
feet from down-gradient wet utility lines. Dry utility lines such as electric, cable and telephone may cross under
bioretention areas if they are double-cased. Bioretention basins can be constructed closer to structures and roads
if an impermeable barrier is placed between the basin and the structure or roadway. Please see GIP-02 for
additional information on ROW applications.
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5.2 Potential Bioretention Applications

Bioretention can be used wherever water can be conveyed to a surface area. Bioretention has been used at
commercial, institutional and residential sites in spaces that are traditionally pervious and landscaped. It should
be noted that special care must be taken to provide adequate pre-treatment for bioretention cells in space-
constrained high traffic areas. Typical locations for bioretention include the following:

Parking lot islands. The parking lot grading is designed for sheet flow towards linear landscaping areas and
parking islands between rows of spaces. Curb-less pavement edges can be used to convey water into a depressed
island landscaping area. Curb cuts can also be used for this purpose, but they are more prone to blockage,
clogging and erosion. Curb openings shall be at least 18 inches wide to minimize clogging.

Parking lot edge. Small parking lots can be graded so that flows reach a curb-less pavement edge or curb cut
before reaching catch basins or storm drain inlets. The turf at the edge of the parking lot functions as a filter
strip to provide pre-treatment for the bioretention practice. The depression for bioretention is located in the
pervious area adjacent to the parking lot.

Right of Way or commercial setback. A linear configuration can be used to convey runoff in sheet flow from
the roadway, or a grass channel or pipe may convey flows to the bioretention practice.

Courtyards. Runoff collected in a storm drain system or roof leaders can be directed to courtyards or other
pervious areas on site where bioretention can be installed.

Unused pervious areas on a site. Storm flows can be redirected from a storm drain pipe to discharge into a
bioretention area.

Dry Extended Detention (ED) basin. A bioretention cell can be located on an upper shelf of an extended
detention basin, after the sediment forebay, in order to boost treatment. Depending on the ED basin design, the
designer may choose to locate the bioretention cell in the bottom of the basin. However, the design must
carefully account for the potentially deeper ponding depths (greater than 6 or 12 inches) associated with extended
detention.

Retrofirting. Numerous options are available to retrofit bioretention in the urban landscape. Some are
described in GIP-02, Urban Bioretention.

10
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SECTION 6: DESIGN CRITERIA

6.1 Sizing of Bioretention Practices
6.1.1 Stormwater Quality

Sizing of the surface area (SA) for bioretention practices is based on the computed Treatment Volume (T,) of
the contributing drainage area and the storage provided in the facility. The required surface area (in square feet)
is computed as the Treatment Volume (in cubic feet) divided by the equivalent storage depth (in feet). The
equivalent storage depth is computed as the depth of media, gravel, or surface ponding (in feet) multiplied by
the accepted porosity.

The accepted porosities (n) are (see Figure 1.7 below):

Bioretention Soil Media (See Section 6.6) n = 0.40
Gravel n=0.40

Surface Storage n = 1.0
The equivalent storage depth for Level 1 with a 6-inch surface ponding depth is therefore computed as:

Equation 1.1. Bioretention Level 1 Design Storage Depth
Equivalent Storage Depth = Dg = n;(D;) + n,(D,) + -+

Dy = 2 /. x 0.40) + (0.5 x 1.0) = 1.30 fi

Where ni and Dy are for the first layer, etc.

And the equivalent storage depth for Level 2 with 3 ft of media, a 6-inch surface ponding depth and a 12-inch
gravel layer is computed as:

Equation 1.2. Bioretention Level 2 Design Storage Depth
De = (3 ft. x040) + (1 ft. x 0.40) + (0.5 x 1.0) = 2.10 ft

While this method is simplistic, simulation modeling has proven that it yields a total storage volume somewhat
equivalent to 80% total average rainfall volume removal for infiltration rates from 0.5 in/hr through 1.2 in/hr. If
the designer can show a measured subsurface infiltration rate above this value size decreases may be requested
on a case-by-case basis.

11
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Figure 1.7. Typical Level 2 Bioretention Section with Porosities for Volume Computations

Therefore, the Level 1 Bioretention Surface Area (SA) is computed as:

Equation 1.3. Bioretention Level 1 Design Surface Area

SA (sq. ft.) = (1,) / Dr

And the Level 2 Bioretention Surface Area is computed as:

Equation 1.4. Bioretention Level 2 Design Surface Area

SA (sq. fr.) = (1.25 *Ty) / Dg

Where:
54 = Minimum surface area of bioretention filter (sq. ft.)
Dg = Equivalent Storage Depth (f1.)
T, = Treatment Volume (cu. ft.) = [(1.0 in.)(R\)(A)*3630]

Where: A = Area in acres
(NOTE: Ry = the composite runoff coefficient from the RR Method. A table of Ry values
and the equation for calculating a composite Rv is located in Section 1 Chapter 3 of this
manual)

Equations 1.1 through 1.4 should be modified if the storage depths of the soil media (Max. 26 ft), gravel layer,
or ponded water (Max. 0.5 ft.) vary in the actual design or with the addition of any surface or subsurface storage
components (e.g., additional area of surface ponding, subsurface storage chambers, etc.).

6.1.2 Stormwater Quantity

Designers may be able to create additional surface storage by expanding the surface ponding footprint in order
to accommodate a greater quantity credit for channel and/or flood protection, without necessarily increasing the
soil media footprint. In other words, the engineered soil media would only underlay part of the surface area of
the bioretention (see Figure 1.2).

In this regard, the ponding footprint can be increased as follows to allow for additional storage:
e 50% surface area increase if the ponding depth is 6 inches or less.

12
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e 25% surface area increase if the ponding depth is between 6 and 12 inches.

These values may be modified as additional data on the long term permeability of bioretention filters becomes
available.

The removal of volume by bioretention changes the runoff depth entering downstream flood control facilities.
An approximate approach to accounting for this in reducing the size of peak flow detention facilities is to calculate
an “effective SCS curve number” (CN,gj), which is less than the actual curve number (CN). CN,qg can then be
used in hydrologic calculations and in routing. The method can also be used for other hydrologic methods in
which a reduction in runoff volume is possible.

6.2 Soil Infiltration Rate Testing

In order to determine if an underdrain will be needed, one must measure the infiltration rate of subsoils at the
invert elevation of the bioretention atea The infiltration rate of subsoils must exceed 0.5 inch per hour in order
to remove the underdrain requirement for bioretention basins. On-site soil infiltration rate testing procedures
are outlined in Appendix 1-A. The number of soil tests vaties base on the size of the bioretention area:

e < 1,000 ft2 = 2 tests

e 1,000 —10,000 ft* = 4 tests

e >10,000 ft> = 4 tests + 1 test for every additional 5,000 ft>

If an underdrain with a gravel sump is used for Level 2, the bottom of the sump must be at least two feet above
bedrock and the seasonally high groundwater table.

6.3 BMP Geometry

Bioretention basins must be designed with internal flow path geometry such that the treatment mechanisms
provided by the bioretention are not bypassed or short-circuited. Examples of short-circuiting include inlets or
curb cuts that are very close to outlet structures (see Figure 1.8), or incoming flow that is diverted immediately
to the underdrain through stone layers. Short-circuiting can be particularly problematic when there are multiple
curb cuts or inlets.

Figure 1.8. Examples of Short-Circuiting at Bioretention Facilities (source: VADCR, 2010)

In order for these bioretention areas to have an acceptable internal geometry, the “travel time” from each inlet
to the outlet should be maximized, and incoming flow must be distributed as evenly as possible across the filter

13
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surface area.

One important characteristic is the length of the shortest flow path compared to the overall length, as shown in
Figure 1.9 below. In this figure, the ratio of the shortest flow path to the overall length is represented as:

Equation 1.5. Ratio of Shortest Flow Path to Overall Length

SFP/ L
Where:
SEP = length of the shortest flow path
L = length from the most distant inlet to the outlet

/_/JL
¥ -
I

Cuth Iril et s

< Outlet
Stmchare

Figure 1.9. Diagram showing shortest flow path as part of BMP geometry (source: VADCR,
2010)

For Level 1 designs, the SFP/L ratio must be 0.3 or greatet; the ratio must be 0.8 or greater for Level 2 designs.
In some cases, due to site geometry, some inlets may not be able to meet these ratios. However, the drainage area
served by such inlets should constitute no more than 20% of the contributing drainage area. Alternately, the
designer may incorporate other design features that prevent short-circuiting, including features that help spread
and distribute runoff as evenly as possible across the filter surface.

Field experience has shown that soil media immediately around a raised outlet structure is prone to scouring and
erosion, thus, short-circuiting of the treatment mechanism. For example, water can flow straight down through
scour holes or sinkholes to the underdrain system (Hirschman et al., 2009). Design options should be used to
prevent this type of scouring. The designer should ensure that incoming flow is spread as evenly as possible
across the filter surface to maximize the treatment potential. One example is shown in Figure 1.10.
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PROVIDE MIN|MUM OF 1* OF

FREEBOARD FROM D] TOP TO [~ RAMP SOIL LAYER UP TO
TOP OF BERM. STRUCTURE MUST LIP OF STRUCTURE OR
PASS 10-YEAR STORM WITHOUT PROVIDE STONE PROTECTION
OVERTOPPING BERM AROUND STRUCTURE
e TRASH RACK R

,f— SEE NOTE /

1 AT

NOTE:
AS AN ALTERNATIVE TO THE TRASH RACK, AN OVERFLOW
STRUCTURE MAY BE A DROP INLET WITH A BAR GRATE,

Figure 1.10. Typical Detail of how to prevent bypass
or short-circuiting around the overflow structure (source: VADCR, 2010)

6.4 Pre-treatment

Pre-treatment of runoff entering bioretention areas is necessary to trap coarse sediment particles before they
reach and prematurely clog the filter bed. Pre-treatment measures must be designed to evenly spread runoff
across the entire width of the bioretention area. Several pre-treatment measures are feasible, depending on the
scale of the bioretention practice and whether it receives sheet flow, shallow concentrated flow or deeper
concentrated flows. The following are appropriate pretreatment options:

For Bioretention Basins:

e  Pre-treatment Cells (channel 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 dissipater sized for the expected rates of discharge.
It has a storage volume equivalent to at least 15% of the total Treatment Volume (inclusive) with a 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 soil media, in contrast to the main bioretention cell.

e  Grass Filter Strips (sheet flow): Grass filter strips extend from the edge of pavement to the bottom of the
bioretention basin at a 5:1 slope or flatter. Alternatively, provide a combined 5 feet of grass filter strip at a
maximum 5% (20:1) slope and 3:1 or flatter side slopes on the bioretention basin. (See Figure 1.4)

e Gravel or Stone Diaphragms (sheet flow). A gravel diaphragm located at the edge of the pavement should
be oriented perpendicular to the flow path to pre-treat lateral runoff, with a 2 to 4 inch drop. The stone
must be sized according to the expected rate of discharge. (See Figure 1.5)

e  Gravel or Stone Flow Spreaders (concentrated flow). The gravel flow spreader is located at curb cuts,
downspouts, or other concentrated inflow points, and should have a 2 to 4 inch elevation drop from a hard-
edged surface into a gravel or stone diaphragm. The gravel should extend the entire width of the opening
and create a level stone weir at the bottom or treatment elevation of the basin. (See Figure 1.6)
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e Innovative or Proprietary Structure: An approved proprietary structure with demonstrated capability of
reducing sediment and hydrocarbons may be used to provide pre-treatment.

6.5 Conveyance and Overflow

For On-line bioretention: An overflow structure should always be incorporated into on-line designs to safely
convey larger storms through the bioretention area. The following criteria apply to overflow structures:

e The overflow associated with the 100 year design storms should be controlled so that velocities are non-
erosive at the outlet point (i.e., to prevent downstream erosion).

e Common overflow systems within bioretention practices consist of an inlet structure, where the top of the
structure is placed at the maximum water surface elevation of the bioretention area, which is typically 6
inches above the surface of the filter bed.

e The overflow capture device (typically a yard inlet) should be scaled to the application — this may be a
landscape grate inlet or a commercial-type structure.

e The filter bed surface should generally be flat so the bioretention area fills up like a bathtub.

Off-Iine bioretention: Off-line designs are preferred (see Figure 1.11 for an example). One common approach
is to 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 filtrates through
the soil media.
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Figure 1.11. Typical Details for Off-Line Bioretention (source: VADCR, 2010)
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Another option is to utilize a low-flow diversion or flow splitter at the inlet to allow only the Treatment Volume
to enter the facility. This may be achieved with a weir or curb opening sized for the target flow, in combination
with a bypass channel. Using a weir or curb opening helps minimize clogging and reduces the maintenance
frequency.

6.6 Filter Media and Surface Cover

e  The filter media and surface cover are the two most important elements of a bioretention facility
In terms of long-term performance. The following are key factors to consider in determining an
acceptable soil media mixture.

e  General Filter Media Composition. The recommended bioretention soil mixture is generally classified as
a loamy sand on the USDA Texture Triangle, with the following composition by volume:

e  Maximum 60% sand;
e Less than 40% silt;
e 5% to 10% organic matter; and

e Less than 20% clay

It may be advisable to start with an open-graded coarse sand material and proportionately mix in topsoil that
will likely contain anywhere from 30% to 50% soil fines (sandy loam, loamy sand) to achieve the desired
ratio of sand and fines. An additional 5% to 10% organic matter can then be added. (The exact composition
of organic matter and topsoil material will vary, making particle size distribution and recipe for the total soil
media mixture difficult to define in advance of evaluating the available material.)

e  Cation Exchange Capacity (CEC). The CEC of a solil refers to the total amount of positively charged
elements that a soil can hold; it is expressed in milliequivalents per 100 grams (meq/100g) of soil. For
agricultural purposes, these elements are the basic cations of calcium (Ca?"), magnesium (Mg?*), potassium
(K*) and sodium (Na*) and the acidic cations of hydrogen (H*) and aluminum (Al*). The CEC of the soil is
determined in part by the amount of clay and/or humus or organic matter present. Soils with CECs exceeding
10 meq/100g are preferred for pollutant removal. Increasing the organic matter content of any soil will help
to increase the CEC, since it also holds cations like the clays.

e  Infiltration Rate. The bioretention soil media should have a minimum infiltration rate of 1 to 2 inches per
hour (a proper soil mix will have an initial infiltration rate that is significantly higher).

e  Depth. The standard minimum filter bed depth ranges from 24 and 36 inches for Level 1 and Level 2
designs, respectively. If trees are included in the bioretention planting plan, tree planting holes in the filter
bed should be deeper to provide enough soil volume for the root structure of mature trees. Use turf,
perennials or shrubs instead of trees to landscape shallower filter beds.

e Mulch. A 3 inch layer of mulch on the surface of the filter bed enhances plant survival, suppresses weed
growth, and pre-treats runoff before it reaches the filter media. Shredded, aged hardwood mulch or pine
straw make very good surface cover, as they retains a significant amount of nitrogen and typically will not
float away.

e Alternative to Mulch Cover. In some situations, designers may consider alternative surface covers such as
turf, native groundcover, erosion control matting (coir or jute matting), river stone, or pea gravel. The
decision regarding the type of surface cover to use should be based on function, cost and maintenance.
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6.7 Underdrain and Underground Storage Layer

Level 1 designs require an underdrain surrounded by a jacket of 1 inch stone unless the infiltration rate of the
surrounding soils is greater than 0.5 inches per hour. Some Level 2 designs will not use an underdrain (where
soil infiltration rates meet minimum standards; see Section 6.2 and Table 1.2). For Level 2 designs with an
underdrain, an underground storage layer of 12-18 inches should be incorporated below the invert of the
underdrain. The depth of the storage layer will depend on the target treatment and storage volumes needed to
meet water quality criteria. However, the bottom of the storage layer must be at least 2 feet above the seasonally
high water table and bedrock. The storage layer should consist of clean, washed #57 stone or an approved
infiltration module.

All bioretention basins should include observation wells. The observation wells should be tied into any T’s or Y’s
in the underdrain system, and should extend upwards to be flush with the surface, with a vented cap. In addition,
cleanout pipes should be provided if the contributing drainage area exceeds 1 acre.

6.8 Bioretention Planting Plans

A landscaping plan must be provided for each bioretention area. Minimum plan elements shall include the
proposed bioretention template to be used, delineation of planting areas, the planting plan, including the size,
the list of planting stock, sources of plant species, and the planting sequence, including post-nursery care and
initial maintenance requirements. The planting area is defined as the area disturbed by construction events. The
planting plan must address 100% of the planting area. It is highly recommended that the planting plan be
prepared by a qualified landscape architect, in order 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. Tables 1.4 — 1.8 list native plant species suitable for use
in bioretention.

The planting template refers to the form and combination of native trees, shrubs, and perennial ground covers
that maintain the appearance and function of the bioretention area. Planting templates may be of the following

types:

®  Ornamental planting. This option includes perennials, sedges, grasses, shrubs and/or trees in a mass bed
planting. This template is recommended for commercial sites where visibility is important. This template
requires maintenance much like traditional landscape beds.

e  Meadow. This is a lower maintenance approach that focuses on the herbaceous layer and may resemble a
wildflower meadow or prairie. The goal is to establish a more natural look that may be appropriate if the
facility is located in a lower maintenance area (e.g., further from buildings and parking lots). Shrubs and
trees may be incorporated. Erosion control matting can be used in lieu of the conventional mulch layer.

e  Reforestation. This option plants a variety of tree seedlings and saplings in which the species distribution
is modeled on characteristics of existing local forest ecosystems. Trees are planted in groups with the goal
of establishing a mature forest canopy. This template is appropriate for large bioretention areas located at
wooded edges or where a wooded buffer is desired. If this template is used, refer directly to
Reforestation GIP-08.

The choice of which planting template to use depends on the scale of bioretention, the context of the site in the
urban environment, the filter depth, the desired landscape amenities, and the future owner’s capability to
maintain the landscape. In general, the vegetative goal is to achieve a surface area coverage of at least 75% in the
first two years. For a bioretention area to qualify for Level 2 Design, a minimum of one tree must be planted
for every 400 square feet.
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6.8.1 Plant Spacing

Table 1.3 is for use only when plants are spaced equidistant from each other as shown in Figure 1.12, below.

Figure 1.12 Typical plant spacing where x equals distance on center (0.C.) of plant species.

Table 1.3 Plant Spacing for Perennials, Grasses, Sedges and Shrubs

Spacing (0.C.) Plants per 100 sq.ft.
18" o.c. 51.2
24” o.c. 29
28" o.c. 22
30” o.c. 18.5
36" o.c. 12.8
42” o.c. 10

4’ o.c. 7.23
5" o.c. 4.61
6’ o.c. 3.2
8’ o.c. 1.8
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Table 1.4. Popular Native Perennials for Bioretention — Full Sun ‘

Latin Name Common Name Size Spacing Moisture Color Height
Asclepias incarnate Marsh milkweed Plugs —1 gal. 1 plant/24” o.c. | Wet Pink 3-4
Asclepias Purple milkweed Plugs —1 gal. 1 plant/18” o.c. | Moist Purple 3
Asclepias syriaca Common milkweed Plugs —1 gal. 1plant/18” o.c. = Moist-dry | Orange @ 2-5
Asclepias tuberosa Butterfly milkweed Plugs —1 gal. 1plant/18” o.c. | Dry-moist | Orange | 2’
Asclepias verdis Green milkweed Plugs —1 gal. 1 plant/18” o.c. | Moist Green 2
Asclepias verdicillata | Whorled milkweed Plugs —1 gal. 1 plant/18” o.c. | Moist White 2.5
Aster laevis Smooth aster Plugs—1 gal. 1 plant/18” o.c. | Moist Blue 2-4
Aster novae-angliae | New England aster Plugs—1 gal. 1plant/24” o.c. | Wet-moist | Blue 2-5
Aster sericeus Silky aster Plugs —1 gal. 1plant/18” o.c. | Dry Purple 1-2
Chamaecrista Partridge pea Plugs —1 gal. 1plant/18” o.c. | Dry Yellow 1-2
Conoclinium Mist flower Plugs —1 gal. 1 plant/18” o.c. | Moist-dry | Blue 1-2
Coreopsis lanceolata | Lance-leaf coreopsis Plugs—1 gal. 1 plant/18” o.c. K Moist-dry | Yellow 6-8’
Echinacea pallida Pale purple coneflower = Plugs—1 gal. 1plant/18” o.c. | Dry Purple 2-3
Echinacea purpurea | Purple coneflower Plugs —1 gal. 1 plant/18” o.c. | Moist-dry | Purple 3-4
Eupatorium Boneset Plugs—1 gal. 1 plant/24” o.c. K Wet White 3-5
Eupatorium Sweet Joe-Pye Weed Plugs—1 gal. 1plant/24” o.c. | Wet-moist | Purple 3-6'
Iris virginica Flag Iris Plugs —1 gal. 1plant/18” o.c. | Moist-Wet | Blue 2
Liatris aspera Rough blazingstar Plugs —1 gal. 1 plant/18” o.c. | Moist-dry | Purple 2-5
Liatris microcephalla | Small-headed Plugs —1 gal. 1plant/18” o.c. | Moist-dry | Purple 3
Liatris spicata Dense blazingstar Plugs —1 gal. 1plant/24” o.c. | Wet-moist | Purple 15
Liatris squarrulosa Southern blazingstar Plugs —1 gal. 1plant/18” o.c. | Moist-dry | Purple 2-6'
Lobelia cardinalis Cardinal flower Plugs—1 gal. 1plant/18” o.c. | Wet-moist| Red 2-4
Monarda didyma Bee balm Plugs —1 gal. 1plant/24” o.c. | Wet-moist| Red 3
Monarda fistulosa Wild bergamot Plugs —1 gal 1 plant/18” o.c. | Moist Purple 1-3
Oenethera fruticosa | Sundrops Plugs —1 gal 1 plant/18” o.c. | Moist-dry | Yellow
Penstemon digitalis Smooth white Plugs —1 gal 1plant/24” o.c. | Wet White 2-3
Penstemon hirsutus Hairy beardtongue Plugs —1 gal 1plant/18” o.c. | Dry White 1-3
Penstemon smallii Beardtongue Plugs —1 gal 1 plant/18” o.c. | Moist Purple 1-2
Pycanthemum Slender mountain mint | Plugs—1 gal 1 plant/18” o.c. | Moist White 1.5-2.5
Ratibida pifiata Gray-headed Plugs —1 gal 1 plant/18” o.c. | Moist Yellow 2-5
Rudbeckia hirta Black-eyed Susan Plugs — 1 gal 1 plant/18” o.c. K Moist-dry | Yellow 3
Salvia lyrata Lyre-leaf sage Plugs —1 gal 1 plant/18” o.c. | Moist Purple 1-2
Solidago nemoralis Gray goldenrod Plugs—1 gal. 1plant/18” o.c. | Dry Yellow 2
Solidago rugosa Rough-leaved Plugs—1 gal. 1 plant/18” o.c. | Wet Yellow 1-6'
Veronacastrum Culver’s root Plugs—1 gal. 1plant/24” o.c. | Dry White 3-6’
Veronia veboracensis | Tall ironweed Plugs—1 gal. 1plant/24” o.c. | Wet-moist | Purple 3-4

Plant material size and grade to conform to “American Standards for Nursery Stock” American Association of
Nurserymen, Inc. latest approved revision, ANSI Z-60-1
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Table 1.5. Popular Native Perennials for Bioretention — Shade

Latin Name Common Name Size Spacing Moisture = Color Height
Aquilegia canadensis | Wild columbine Plugs —1 gal. 1 plant/18” o.c. = Moist-dry | Pink 1-2.5
St e e L e 1 gal. 1 plant/18” o.c. = Moist Green 3
S Jack-.ln-the- Plugs —1 gal. 1 plant/18” o.c. = Moist Green 1.5-2.5
pulpit
Arisaema dricontium | Green dragon ezl 1 plant/18” o.c. ::sgt CESE
feamneedEe | WAkl Plugs—1 gal. 1 plant/18” o.c. We.t- Red- 0.5-1
moist brown
Pt Blue wood aster Plugs—1 gal. 1 plant/18” o.c. | Moist-dry | Blue 1-3
AT New England Plugs—1 gal. 1 plant/24” o.c. | Moist-dry = Blue/ 34
aster purple
Aster oblongifolius Aromatic Aster Plugs —1 gal. 1plant/24” o.c. = Moist-dry | Blue/ 1.5-3'
purple
Coreopsis major Tlckseec'l Plugs—1 gal. 1plant/18” o.c. | Moist-dry | Yellow | 3
coreopsis
Dryogter/:s Shield Fern 1gal. 1 plant/18” o.c. = Moist Green @ 2-3
marginalis
Geranium wild geranium Plugs —1 gal. 1 plant/18” o.c. = Moist Pink 2
maculatum
Heuchera americana . Alumroot Plugs —1 gal. 1plant/18” o.c. = Moist-dry | Purple @ 1
ris cristata .?-\;varf crested Plugs —1 gal. 1plant/18” o.c. = Moist-dry | Purple | 4
iri
Bt Grea'F blue Plugs —1 gal. 1 plant/18” o.c. We.t- Blue 1.5-3
lobelia moist
Lobelia cardinalis Cardinal flower Age—_ el 1 plant/18” o.c. \r,nvs'Zt el 2
i
e Virginia Plugs —1 gal. 1 plant/18” o.c. = Moist Blue 1.5
bluebells
Osmunda G 1gal. 1plant/24” o.c. | Wet- Green | 34
, innamon Fern i
cinnamomea moist
Phiox divericata Blue phlox Plugs—1 gal. 1 plant/18” o.c. | moist Blue 0.5-2
Tl [ e e Plugs—1 gal. 1 plant/18” o.c. | Moist-dry | Blue 15
; — ” H . E 7’
Polyst/'chur.n Christmas fern Plugs —1 gal. 1 plant/24” o.c. | Moist-dry | Evergreen | >
acrostichoides
Sljy/ophoru Wood poppy. Plugs —1 gal. 1plant/18” o.c. 'Wet-moist | Yellow | 1.5
diphyllum

Plant material size and grade to conform to “American Standards for Nursery Stock” American Association of

Nurserymen, Inc. latest approved revision, ANSI Z-60-1.
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Table 1.6. Popular Native Grasses and Sedges for Bioretention

Latin Name Common Name Size Spacing Moisture = Color Height

Carex grayi Gray's Sedge 1gal. 1 plant/24” o.c. | Moist Green | 3’

Carex Palm Sedge 1gal. 1plant/24” o.c. | Moist Green | 3’

muskingumensis

Carex stricta Tussock Sedge 1gal. 1 plant/24” o.c. | Moist Green | 3-4

Chasmanthium Plugs —1 gal. 1 plant/18” o.c. | Moist-dry | Green | 4
P Upland Sea Oats

latifolium

T e Plugs —1 gal. 1 plant/18” o.c. | Wet Green | 3

Juncus effesus Soft Rush Plugs—1 gal. 1plant/24” o.c. | Wet-dry | Green | 4-6

Muhlenbergia Muhly Grass 1gal. 1 plant/24” o.c. | Moist Pink 3

capallaris

Panicum virgatum  Switchgrass 1-3 gal. 1 plant/48” o.c. | Moist-dry | Yellow | 5-7’

Schizachyrium Little Blue Stem 1gal. 1 plant/24” o.c. | Moist-dry | Yellow | 3

scoparium

Sporobolus Prairie Dropseed 1 9al. 1plant/24” o.c. | Moist-dry = Green | 2-3'

heterolepsis

Plant material size and grade to conform to “American Standards for Nursery Stock” American Association of

Nurserymen, Inc. latest approved revision, ANSI Z-60-1.
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Table 1.7. Popular Native Trees for Bioretention

Latin Name Common DT-FT  Light Moisture = Notes Flower Height
Name Color
Acer rubrum Red Maple DT-FT | Sun- Dry-wet Fall color 50-70'
shade
Acer Sun-pt | Moist Fall color 50-75
Sugar Maple
saccharum shade
Ameleanch/er Serviceberry Sun-pt | Moist-wet | Eatable berries White 15-25
Canadensis shade
Asimina Sun-pt | Moist Eatable fruits Maroon | 15-30°
~ Paw Paw
triloba shade
Betula nigra River Birch FT Sun-pt | Moist-wet | Exfoliating bark 40-70
shade
Carpinus Sun-pt | Moist White 40-60’
o Ironwood
caroliniana shade
Carya Water FT-DT | Sun Moist Fall color 35-50
aquatica Hickory
Cercus Redbud DT Sun- Moist Pea-like flowers, Purple 20-30’
Canadensis shade seed pods
Chionanthus Eri Sun-pt | Moist Panicled, fragrant White 12-20°
virginicus ringetree shade flowers
Cladratis vellowwood DT Sun Dry-moist | Fall color White 30-45
lutea
o d Flowering Part Moist Red fruit, wildlife White 15-30°
ornus florida S shade
American DT Sun-pt | Moist Evergreen White 30-50’
llex opaca
Holly shade
quUIdgmbar Sweetgum DT-FT | Sun-pt | Dry-moist | Spiny fruit 60-
styraciflua shade 100’
Magnolia Sweetbay Sun-pt | Moist-wet | Evergreen White 10-60
virginiana Magnolia shade
Nyssa. Black Gum Sun- Moist Fall color 35-50
sylvatica Shade
Oxydendrum Sun-pt | Dry-moist | Wildlife White 20-40°
Sourwood
arboretum shade
P/at.anus . Sycamore FT Sun-pt | Moist White mottled 70-
occidentalis shade bark 100
Quercus Swamp DT Sun-pt | Moist-wet | Acorns 50-60’
bicolor White Oak shade
Quera{s Nuttall Oak DT Sun Dry-moist | Acorns 40-60
nuttalli
Quercus Overcup Oak FT Sun Moist Acorns 40-60’
lyrata
Quercus Shumard DT Sun Moist Acorns 40-60’
shumardii Oak
Rhamnus Carolina Sun Moist Black fruit 15-30
caroliniana Buckthorn
S Black Willow FT Sun-pt | Moist-wet | White catkins Yellow | 40-60
shade
Ulmus American DT-FT | Sun-pt | Moist
americana Elm shade
Salix nigra Black Willow FT Ptshade | Moist-wet = White catkins Yellow | 40-60’

Size: min. 2” caliper if not reforestation.

DT: Drought Tolerant FT: Flood Tolerant

Plant material size and grade to conform to “American Standards for Nursery Stock” American
Association of Nurserymen, Inc. latest approved revision, ANSI Z-60-1.
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Table 1.8. Popular Native Shrubs for Bioretention

Latin Name Common DT Light Moisture Spacing  Notes Flower Height
Name FT (0C) Color

Aronia Red FT | Sun-pt Dry-wet 4 Red berries, White | 6-12’

arbutifolia Chokeberry shade wildlife

Buddleia Butterfly DT = Sun-pt Dry-moist 4 Non-native Blue 5’

davidii Bush shade

Callicarpa American DT = Sun-pt Dry-wet 5’ Showy purple Lilac 4-6'

Americana Beautyberry shade fruit

Cephalanthus | Button Bush FT | Sun-shade Moist-wet 5’ Attracts wildlife | White | 6-12’

occidentalis

Clethra Sweet Sun-pt Dry-moist 3’ Hummingbird White | 5-8

alnifolia Pepper Bush shade

Cornus Silky Sun-shade Moist-wet 6’ Blue berries, White 6-12

amomum Dogwood wildlife

Corylus American Sun-pt Dry-moist 8’ Eatable nuts, Yellow | 8-15%

americana Hazelnut shade wildlife

Hamemelis Witch-hazel Sun-pt Dry-moist 8’ Winter bloom Yellow | 10

virginiana shade

Hibiscus Swamp FT ' Sun Moist-wet 30” Cold-hardy White— | 4-7

moscheutos Mallow red

Hydrangea Oakleaf DT  Ptshade-— Moist 4 Winter texture White | 3-6

quercifolia Hydrangea shade

Hypericum Golden St. DT = Sun-pt Dry-moist 30” Semi-evergreen @ Yellow | 2-3’

frondosum John’s Wort shade

Hypericum Shrubby St. DT = Sun-pt Dry-moist 3’ Semi-evergreen | Yellow | 3’

prolificum John’s Wort shade

llex decidua Possumhaw DT = Sun-pt Moist 4-6' Red berries 6-14’

(dwarf var.) Viburnum shade

llex glabra Inkberry DT = Sun-pt Moist-wet 3’ Evergreen 4-g

shade

llex verticillata = Winterberry FT | Sun-pt Moist-wet 3’ Red berries 10
Holly shade

Itea virginica Virginia DT | Sun-shade Moist-wet 4 Fall color White | 4-8
Sweetspire FT

Lindera Spicebush DT | Ptshade— Moist-wet 8’ Butterflies, Yellow | 6-12’

benzoin shade wildlife

Viburnum Arrowwood Sun-shade Dry-wet 6’ Wildlife White | 6-8

dentatum Viburnum

Size: minimum 3 gal. container or equivalent. DT: Drought Tolerant FT: Flood Tolerant

This list provides plant species; there are multiple varieties within each species.
Plant material size and grade to conform to “American Standards for Nursery Stock” American Association of
Nurserymen, Inc. latest approved revision, ANSI Z-60-1.
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6.9 Bioretention Material Specifications

Table 1.9 outlines the standard material specifications used to construct bioretention areas.

Table 1.9. Bioretention Material Specifications

Material

Filter Media
Composition

Filter Media
Testing

Mulch Layer

Alternative
Surface Cover

Geotextile/Liner

Stone Jacket for
Underdrain
and/or Storage
Layer

Underdrains,
Cleanouts, and
Observation
Wells

Plant Materials

Specification
Filter Media to contain a mix of topsail,
sand and organic matter to achieve the
following final composition (by volume):
e  Max 60% sand;
e Lessthan 40% silt
e 5% to 10% organic matter; and

e Lessthan 20% CLAY.

CEC greater than 10 meq/100g

Use mulch meeting requirements
specified in Section 6.6.

Use river stone or pea gravel, coir and jute
matting.

Use a non-woven geotextile fabric with a
flow rate of > 110 gal./min./ft> (e.g.,
Geotex 351 or equivalent)

12 inch layer of 1 inch stone should be
double-washed and clean and free of all
fines (e.g., #57 stone).

Use 6 inch corrugated HDPE or PVC pipe
with 3/8-inch perforations at 6 inches on
center; position each underdrain on a 1%
or 2% slope located no more than 20 feet
from the next pipe.

Shrubs: Minimum 3 gal or 18-24" at 4'
o.c. (or 1plant/15 s.f.).

Grasses, sedges, perennials: Size and
max. spacing as called for in Tables 1.4,
1.5 and 1.6 herein.

Trees: Minimum size 2" caliper,
maximum spacing for Level 2 design of 1
tree/400 s.f. (NOTE: the 2" cal, minimum
allows it to be counted toward landscape
ordinance requirements)

Notes

The volume of filter media based on 110% of
the plan volume, to account for settling or
compaction.

Lay a 3 inch layer on the surface of the filter
bed.

Use to suppress weed growth & prevent
erosion.

Apply only to the sides and above the
underdrain. For hotspots and certain karst
sites only, use an appropriate liner on bottom.

9 inches of 1 inch stone should cover the
underdrain with 3 inches of stone above the top
of the pipe; 12 to 18 inches for the stone
storage layer (#57 stone), if needed.

Lay the perforated pipe under the length of the
bioretention cell, and install nonperforated
pipe as needed to connect with the storm drain
system. Install T’s and Y’s as needed, depending
on the underdrain configuration. Extend
cleanout pipes to the surface with vented caps
at the Ts and Ys.

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

Alternate plant specification: When using the
Forest-type planting template, Reforestation
planting densities noted in GIP-10 may be used
to meet these plant material specifications.
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SECTION 7: SPECIAL CASE DESIGN ADAPTATIONS

7.1 Shallow Bedrock and Groundwater Connectivity
Many parts of Franklin have shallow bedrock, which can constrain the application of deeper bioretention areas
(particularly Level 2 designs). In such settings, the following design adaptations may be helpful:

e A linear approach to bioretention, using multiple cells leading to the ditch system, helps conserve hydraulic
head.

e The minimum depth of the filter bed may be 18 to 24 inches. It is useful to limit surface ponding to 6 to 9
inches and avoid the need for additional depth by establishing grass rather than using mulch. The shallower
media depth and the grass cover generally comply with the Water Quality Swale specification, and therefore
will be credited with a slightly lower pollutant removal (PTP-05 Water Quality Swales).

e Itisimportant to maintain at least a 0.5% slope in the underdrain to ensure positive drainage.

e The underdrain should be tied into the ditch or conveyance system.

For more information on bedrock depths download the GIS data set from:
http:/ /water.usgs.cov/GIS /metadata/usgswrd /XML /regolith.xml.

For more information on soil types go to: http://websoilsurvey.nres.usda.gov/app

7.2 Steep Terrain

In steep terrain, land with a slope of up to 15% may drain to a bioretention area, as long as a two cell design is
used to dissipate erosive energy prior to filtering. The first cell, between the slope and the filter media, functions
as a forebay to dissipate energy and settle any sediment that migrates down the slope. Designers may also want
to terrace a series of bioretention cells to manage runoff across or down a slope. The drop in slope between cells
should be limited to 1 foot and should be armored with river stone or a suitable equivalent.

SECTION 8: CONSTRUCTION

8.1 Construction Sequence

Construction Stage Erosion and Sediment Controls. Small-scale bioretention areas should be fully protected
by silt fence or construction fencing, particularly if they will rely on infiltration (i.e., have no underdrains.) Ideally,
bioretention should remain outside the limit of disturbance during construction to prevent soil compaction by
heavy equipment. Bioretention basin locations may be used as small sediment traps or basins during construction.
However, these must be accompanied by notes and graphic details on the erosion prevention and sediment
control (EPSC) plan specifying that (1) the maximum excavation depth at the construction stage must be at least
1 foot above the post-construction installation, and (2) the facility must contain an underdrain. The plan must
also show the proper procedures for converting the temporary sediment control practice to a permanent
bioretention facility, including dewatering, cleanout and stabilization.

8.2 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. Construction of the bioretention area should begin after the entire contributing drainage area has been
stabilized with vegetation (See Section 8.1). THIS IS THE MOST IMPORTANT FACTOR
DETERMINING THE SUCCESS OR FAILURE OF THE BIORETENTION AREA.
BIORETENTION AREAS WILL FAIL IF SEDIMENT IS ALLOWED TO FLOW INTO THEM. It
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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. The designer and the installer should have a preconstruction meeting, checking the boundaries of the
contributing drainage area and the actual inlet elevations to 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 plan review/inspection authority.

Step 3. Temporary EPSC controls 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. Any pre-treatment cells should be excavated first and then sealed to trap sediments.

Step 5. Excavators or backhoes should work from the sides to excavate the bioretention area to its appropriate
design depth and dimensions. Excavating equipment should have scoops with adequate reach so they do not
have to sit inside the footprint of the bioretention area. Contractors should use a cell construction approach in
larger bioretention basins, whereby the basin is split into 500 to 1,000 sq. ft. temporary cells with a 10-15 foot
carth bridge in between, so that cells can be excavated from the side.

Step 6. It may be necessary to rip the bottom soils to a depth of 6 to 12 inches to promote greater infiltration.

Step 7. Place geotextile fabric on the sides of the bioretention area with a 6-inch overlap on the sides. If a stone
storage layer will be used, place the appropriate depth of #57 stone on the bottom, install the perforated
underdrain pipe, pack #57 stone to 3 inches above the underdrain pipe, and add approximately 3 inches of
choker stone as a filter between the underdrain and the soil media layer. If a stone storage layer is used, the pipe
may be placed directly above this layer.

Step 8. Deliver or prepare the soill media, and store it on an adjacent impervious
area or plastic sheeting. Apply the media in 12-inch lifts until the desired top elevation of the bioretention area is
achieved. Wait a few days to check for settlement, and add additional media, as needed, to achieve the design
clevation.

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

Step 10. Place the surface cover in both cells (mulch, river stone or turf), 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 9), and holes

or slits will have to be cut in the matting to install the plants.

Step 11. Install the plant materials as shown in the landscaping plan, and water them during weeks of no rain for
the first two months.

Step 12. Conduct the final construction inspection (see Section 9). Then log the GPS coordinates for each

bioretention facility and submit them to the City.

8.3 Construction Inspection

Use detailed inspection checklists that require sign-offs by qualified individuals at critical stages of
construction, to ensure that the contractor’s interpretation of the plan is consistent with the designer’s intent.
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SECTION 9: AS-BUILT REQUIREMENTS

After the bioretention area has been constructed, the developer must have an as-built certification of the

bioretention area conducted by a registered Professional Engineer. The as-built certification verifies that the BMP

was installed as designed and approved.

The following components are vital to ensure that the bioretention area works properly and they must be

addressed in the as-built certification:

1. Pretreatment measures must be verified.

2. The proper media and gravel depths were installed per plan. Photographs taken during phases of
construction should be included to demonstrate.

3. Surrounding drainage areas must be stabilized to prevent sediment from clogging the filter media.

4. Correct ponding depths and infiltration rates must be verified.

5. 'The landscape plan must be provided.

A mechanism for overflow for large storm events must be provided.

SECTION 10: OPERATION AND MAINTENANCE

10.1 Maintenance Document

Each BMP must have a City of Franklin Storm Water Management Facilities O&M Agreement submitted for
approval and maintained and updated by the BMP owner. The Storm Water Management Facilities O&M
Agreement must be completed and submitted to the City with the grading permit application. The Storm Water
Management Facilities O&M Agreement is for the use of the BMP owner in performing routine inspections.
The developer/owner is responsible for the cost of maintenance and annual inspections. The BMP owner must
maintain and update the BMP operations and maintenance plan.

10.2 First Year Maintenance Operations

Successful establishment of bioretention areas requires that the following tasks be undertaken in the first year
following installation:

e Initial inspections. For the first 6 months following construction, the site should be inspected at least twice
after storm events that exceed 0.5 inch of rainfall.

e Spot Reseeding. Inspectors should look for bare or eroding areas in the contributing drainage area or
around the bioretention area, and make sure they are immediately stabilized with grass cover.

e Fertilization. One-time, spot fertilization may be needed for initial plantings.

e Watering. Depending on rainfall, watering may be necessary once a week during the first 2 months, and
then as needed during first growing season (April-October), depending on rainfall.

® Remove and replace dead plants. Since up to 10% of the plant stock may die off in the first year,
construction contracts should include a care and replacement warranty to ensure that vegetation is properly
established and survives during the first growing season following construction. The typical thresholds below
which replacement is required are 85% survival of plant material and 100% survival of trees.

10.3 Maintenance Inspections

It is highly recommended that a spring maintenance inspection and cleanup be conducted at each bioretention
area. The following is a list of some of the key maintenance problems to look for:

e Check to see if 75% to 90% cover (mulch plus vegetative cover) has been achieved in the bed, and measure
the depth of the remaining mulch.

e  Check for sediment buildup at curb cuts, gravel diaphragms or pavement edges that prevents flow from
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getting into the bed, and check for other signs of bypassing.
e  Check for any winter- or salt-killed vegetation, and replace it with hardier species.

e Note presence of accumulated sand, sediment and trash in the pre-treatment cell or filter beds, and remove
it.

e Inspect bioretention side slopes and grass filter strips for evidence of any rill or gully erosion, and repair it.

e  Check the bioretention bed for evidence of mulch flotation, excessive ponding, dead plants or concentrated
flows, and take appropriate remedial action.

e Check inflow points for clogging, and remove any sediment.
e Look for any bare soil or sediment sources in the contributing drainage area, and stabilize them immediately.

e Check for clogged or slow-draining soil media, a crust formed on the top layer, inappropriate soil media, or
other causes of insufficient filtering time, and restore proper filtration characteristics.

10.4 Routine and Non-Routine Maintenance Tasks

Maintenance of bioretention areas should be integrated into routine landscape maintenance tasks. If landscaping
contractors will be expected to perform maintenance, their contracts should contain specifics on unique
bioretention landscaping needs, such as maintaining elevation differences needed for ponding, proper mulching,
sediment and trash removal, and limited use of fertilizers and pesticides. A customized maintenance schedule
must be prepared for each bioretention facility, since the maintenance tasks will differ depending on the scale of
bioretention, the landscaping template chosen, and the type of surface cover. A generalized summary of common
maintenance tasks and their frequency is provided in Table 1.10.

The most common non-routine maintenance problem involves standing water. If water remains on the surface
for more than 48 hours after a storm, adjustments to the grading may be needed or underdrain repairs may be
needed. The surface of the filter bed should also be checked for accumulated sediment or a fine crust that builds
up after the first several storm events. There are several methods that can be used to rehabilitate the filter (try
the easiest things first, as listed below):

e Open the underdrain observation well or cleanout and pour in water to verify that the underdrains are
functioning and not clogged or otherwise in need of repair. The purpose of this check is to see if there is
standing water all the way down through the soil. If there is standing water on top, but not in the underdrain,
then there is a clogged soil layer. If the underdrain and stand pipe indicates standing water, then the
underdrain must be clogged and will need to be snaked.

e Remove accumulated sediment and till 2 to 3 inches of sand into the upper 8 to 12 inches of soil.

e Install sand wicks from 3 inches 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 augering (using a tree auger or similar tool) down to the gravel storage zone to create vertical
columns which are then filled with a clean open-graded coarse sand material (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.

e Remove and replace some or all of the soil media
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Table 1.10. Suggested Annual Maintenance Activities for Bioretention

Maintenance Tasks Frequency
Mowing of grass filter strips and bioretention turf cover At least 4 times a year
Spot weeding, erosion repair, trash removal, and mulch raking Twice during growing season
Add reinforcement planting to maintain desired vegetation density As needed
Remove invasive plants using recommended control methods As needed
Stabilize the contributing drainage area to prevent erosion As needed
Spring inspection and cleanup Annually
Supplement mulch to maintain a 3 inch layer Annually
Prune trees and shrubs Annually
Remove sediment in pre-treatment cells and inflow points Once every 2 to 3 years
Replace the mulch layer Every 3 years

SECTION 11: COMMUNITY & ENVIRONMENTAL CONCERNS

11.1 Designation of Stormwater Hotspots

Stormwater hotspots are operations or activities that are known to produce higher concentrations of stormwater
pollutants and/or have a greater risk for spills, leaks or illicit discharges. Table 1.11 presents a list of potential
land uses or operations that may be designated as a stormwater hotspot. It should be noted that the actual
hotspot generating area may only occupy a portion of the entire proposed use, and that some “clean” areas (such
as rooftops) can be diverted away to another infiltration or runoff reduction practice development proposals
should be carefully reviewed to determine if any future operation, on all or part of the site, will be designated as
a potential stormwater hotspot. Based on this designation, infiltration may be restricted or prohibited.
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Table 1.11. Potential Stormwater Hotspot and Site Design Responses ‘

. . Restricted No
Potential Stormwater Hotspot Operation Infiltration Infiltration?

Facilities w/NPDES Industrial permits | [ |
Public works yard v
Ports, shipyards and repair facilities v
Railroads/ equipment storage v
Auto and metal recyclers/scrap yards v
Petroleum storage facilities v
Highway maintenance facilities v
Wastewater, solid waste and composting facilities v
Industrial machinery and equipment v
Trucks and trailers v
Airfields v
Aircraft maintenance areas v
Fleet storage areas v
Parking lots (40 or more parking spaces) v

Gas stations v
Highways (2500 ADT)

Construction business (paving, heavy equipment
storage and maintenance

Retail/wholesale vehicle/ equipment dealers
Convenience stores/fast food restaurants
Vehicle maintenance facilities v
Car washes v
Nurseries and garden centers v

Golf courses v

Note: For a full list of potential stormwater hotspots. Consult Schueler et al. (2004)
Key: B = depends on facility; v’ = criterion applies

IFor some facilities, infiltration practices will be permitted for certain areas such as employee parking and roof
drainage.

AN N SN

11.2 Other Environmental and Community Issues

The following is a list of several other community and environmental concerns that may also arise when
infiltration practices are proposed:

Nuisance Conditions. Pootly designed infiltration practices can create potential nuisance problems such as
basement flooding, poor yard drainage and standing water. In most cases, these problems can be minimized
through proper adherence to the setback, soil testing and pretreatment requirements outlined in this
specification.

Mosquito Risk. Infiltration practices have some potential to create conditions favorable to mosquito breeding,
if they clog and have standing water for extended periods. Proper installation and maintenance of the
bioretention area will prevent these conditions from occurring,.

Groundwater Injection Permits. Groundwater injection permits are required if the infiltration practice is
deeper than the longest surface area dimension of the practice (EPA, 2008). Designers should investigate whether
or not a proposed infiltration practice is subject to Tennessee groundwater injection well permit requirements.
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SECTION 12: RIGHT OF WAY CONSIDERATIONS

Bioretention can be used in the right of way and is a preferred practice for constrained right of ways when
designed as a series of individual on-line or off-line cells. In these situations, the final design closely resembles
that of water quality swales. Stormwater can be conveyed to the bioretention area by sheet flow, curb cuts, or
grass channels. See GIP-02 Urban Bioretention for additional information.
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APPENDIX 1-A

INFILTRATION SOIL TESTING PROCEDURES

I. Test Pit/Boring Procedures

1. The number of requited test pits or standatrd soil borings is based on proposed infiltration area:
e < 1,000 ft2 = 2 tests
e 1,000 —10,000 ft> = 4 tests
e >10,000 ft> = 4 tests + 1 test for every additional 5,000 ft>

2. The location of each test pit ot standatd soil boring should cortrespond to the location of the proposed
infiltration area.

3. Excavate each test pit or penetrate each standard soil boring to a depth at least 2 feet below the bottom
of the proposed infiltration area.

4. If the groundwater table is located within 2 feet of the bottom of the proposed facility, determine the
depth to the groundwater table immediately upon excavation and again 24 hours after excavation is
completed.

5. Determine the USDA or Unified Soil Classification system textures at the bottom of the proposed
infiltration area and at a depth that is 2 feet below the bottom. All soil horizons should be classified
and described.

6. If bedrock is located within 2 feet of the bottom of the proposed infiltration area, determine the depth
to the bedrock layer.

7. Test pit/soil boring stakes should be left in the field to identify where soil investigations were
performed.

Il. Infiltration Testing Procedures

1. The number of required infiltration tests is based on proposed infiltration area:
e < 1,000 ft2 = 2 tests
e 1,000 —10,000 ft> = 4 tests
e >10,000 ft> = 4 tests + 1 test for every additional 5,000 ft?

2. The location of each infiltration test should correspond to the location of the proposed infiltration area.

3. Install a test casing (e.g., a rigid, 4 to 6 inch diameter pipe) to a depth 2 feet below the bottom of the
proposed infiltration area.

4. Remove all loose material from the sides of the test casing and any smeared soil material from the
bottom of the test casing to provide a natural soil interface into which water may percolate. If desired,
a 2-inch layer of coarse sand or fine gravel may be placed at the bottom of the test casing to prevent
clogging and scouring of the underlying soils. Fill the test casing with clean water to a depth of 2 feet,
and allow the underlying soils to presoak for 24 hours.

5. After 24 hours, refill the test casing with another 2 feet of clean water and measure the drop in water
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level within the test casing after one hour. Repeat the procedure three (3) additional times by filling the
test casing with clean water and measuring the drop in water level after one hour. A total of four (4)
observations must be completed. The infiltration rate of the underlying soils may be reported either as
the average of all four observations or the value of the last observation. The infiltration rate should be
reported in terms of inches per hour.

6. Infiltration testing may be performed within an open test pit or a standard soil boring. After infiltration
testing is completed, the test casing should be removed and the test pit or soil boring should be backfilled
and restored.

Ex. Ground

Excavate with Back Hoe
or use Soil Boring Casing

7/

24 Hour Pre-Soak =

— Proposed Depth
of Trench

30”

24"

5”Dia. Solid Casing +—>

Figure 1-A. 1. Infiltration Test Schematic
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APPENDIX 1-B

ADDITIONAL DETAILS AND SCHEMATICS

FOR REGULAR BIORETENTION PRACTICES

4" HDPE OR PVC SCREW CAP

/ ON GRADE

i
o
/ 4' HDPE OR PVC
/ NONPERFORATED STANDPIPE
f"‘r /
x R A " o
» . :
/1 :

EQUIVALENT DIRECTIONAL

o CLEANQUT TO CONNECT
UMDERDRAIN TO STANDPIPE
WATERTIGHT CAP
ON TERMINAL END A ﬁ
OF PIPE \”‘\, e
o iz I B oI >
'l 6' PERFORATED SCHD 40

HDPE OR PVC UNDERDRAI

Figure 1-B. 1. 4” Cleanout Detail (source: VADCR, 2010)
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PROPOSED
BIOFILTER GRADE
PLANTINGS
(SEE SHEET LID-5)

7 N7
,/\.\4,\\,/&,/\\#\\4,\\//\ //\\{,\\ INANONSANSNIANSN
GRAVEL SUMP NANTNNANANS EXISTING
WITH UNDERDRAINS GRADE
BIOFILTER SOIL MEDIA
(60% SAND, 20% TOPSOIL
& 20% LEAF COMPOST)

NOTES:

1) STABILIZE BERM AND SPILLWAYS WITH EC-3 MATTING.

2) REMAINING DISTURBED SLOPES SHALL BE STABILIZED WITH EC-2 MATTING.

3) ALL BERM FILL MATERIAL SHALL CONSIST OF ML, CL, SC, OR GC SOILS AND FREE OF
WOQD, ROOTS, ROCKS, OR ANY OTHER NONCOMPACTIBLE S0IL. COMPACTED FILL SHALL BE

INSTALLED IN MAXIMUM 6 INCH LIFTS TO A DRY DENSITY OF 95% OF THE STANDARD
PROCTOR MAXIMUM DRY DENSITY ASTM D698.

m DETAIL: TYPICAL BIOFILTER BERM

U NTS

Figure 1-B.2. Typical Bioretention Basin Berm (source: VADCR, 2010)
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AROUND STRUCTURE
(SEE SPECIFICATIONS) PEA GRAVEL FILTER
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6" SCHD 40 PERFORATED
UNDERDRAIN

e TIE UNDERDRAIN INTO DROP
INLET OR DAYLIGHT
DOWNSTREAM

Figure 1-B.3. Typical Bioretention Basin — Inflow & Outflow — Section
(source: VADCR, 2010)
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DEPTH: AS SPECIFIED ON PLANS “'S{l%

DEPTH LIMITS:

24" MIN (LEVEL 1) J:%)

36" MIN (LEVEL 2) fu

72" MAX ‘-:'j PLANTINGS PER APPROVED
e\h LANDSCAPE PLANS

CONTENTS: :

40% SILT g

30% SAND s

20% CLAY
10% ORGANICS

MAX PONDING DEPTH - 6"

1" MIN FREEBOARD

3" NON-FLOATABLE MULCH LAYER
(SHREDDED, AGED HARDWOOD OR
PINE, STRAW) OR RIVER STONE

GEOTEXTILE FILTER FABRIC
—————— U.S. FABRIC INC.

200 NON-WOVEN (ENVIRONMENTAL)
(OR APPROVED EQUAL)

UNDISTURBED (NOT COMPACTED)
NATIVE SUBGRADE

3" CHOKERSTOME LAYER

12" GRAVEL DRAINAGE LAYER (#8 STONE)

(#57 STOME - DOUBLE-WASHED)

PRI

12" GRAVEL SUMP LAYER (LEVEL 2 ONLY)

4" P.V.C. UNDERDRAIN [#57 STOME - DOUBLE-WASHED)

1. EXCAVATORS SHALL BE EQUIPPED IN ORDER TO WORK FROM THE OUTSIDE THE GIP FOOTPRINT. EXCAVATED AREAS SHALL NOT BE COMPACTED
OR LOADED IN ANY WAY A5 TO CAUSE SOIL COMPACTION.

2. DURING EXCAVATION, MOIST CONDITIONS MAY CAUSE FINES TO CLOG THE NATIVE SOIL SURFACE OF THE FACILITY. IF THE NATIVE SOIL HAS BEEN
EXPOSED TO RAINFALL OR IF SMEARING OCCURS, HAND RAKE THE SURFACE TO A DEPTH OF 3" TO RESTORE INFILTRATION CAPACITY.

3. DURING CONSTRUCTION PHASE, CONTRACTOR SHALL DIVERT RUNOFF FLOW ARQUND THE GIP AREAS TO ENSURE SEDIMENT DOES NOT ENTER.
RECYCLED MATERIAL IS NOT AN APPROVED FOR USE IN GIP FACILITIES.
UTILITIES, INCLUDING IRRIGATION ARE PROHIBITED WITHIN THE GIP FOOTPRINT.

CONSTRUCTION SEQUENCING:
1. CONSTRUCT STORMWATER RUNOFF DIVERSIONS.

EXCAVATE GIP AREAS.

SCARIFY SUBGRADE BY RIPPING THE BOTTOM SOILS TO A DEPTH OF 12 INCHES PRIOR TO STONE PLACEMENT.
SCHEDULE GIP INSTEPCTION WITH CITY STORMWATER INSPECTOR AT (615) 791-3218.

INSTALL PERMEABLE GEOTEXTILE FABRIC.

INSTALL STONE LAYER, UNDERDRAIN PIPES, CONNECT TO OUTLET STRUCTURE.

SCHEDULE GIP INSTEPCTION WITH CITY STORMWATER INSPECTOR AT (615) 791-3218.

INSTALL ADDITIONAL STONE ON AND FLAG THE UNDERDRAIN (3 FT EACH SIDE).

A SMALL BOBCAT LOADER MAY TO BE USED FOR PLACEMENT OF ADDITIONAL SECTIONS AVOIDING THE UNDERDRAIN PIPE INSTALLATIONS.
10. DELIVER AND STORE SOIL MEDIA ON PLASTIC SHEETING WITH APPROPRIATE ERCSION CONTROL MEASURES.
11. SCHEDULE GIP INSTEPCTION WITH CITY STORMWATER INSPECTOR AT (615) 791-3218.

12. ALLOW 48 HOURS SETTLEMENT. DO NOT COMPACT WITH EQUIPMENT.

13. ADD ADDITIONAL MEDIA AS NEEDED TO ACHIEVE THE DESIGN ELEVATIONS.

14. INSTALL VEGETATION, AND WATER ACCORDINGLY. PERMANENT IRRIGATION IS PROHIBITED IN GIP.

15. INSTALL SPECIFIED GROUNDCOVER.

16. FLAG LIMITS OF GIP FOR SURVEY LOCATE AND SHOW ON AS-BUILT PLANS.

0O N AW
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CITY OF FRANKLIN ENGINEERING
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ACTIVITY: Urban Bioretention

GIP-02

Urban Bioretention

Description: Urban Bioretention is similar to traditional bioretention
practices, except that the bioretention is fit into concrete-sided
containers within urban landscapes, such as planter boxes or tree
planters. Captured runoff is treated by filtration through an engineered
soil medium, and is then either infiltrated into the subsoil or exfiltrated
through an underdrain.

Variations:

Stormwater planters — in landscaping areas between buildings and
roadways or sidewalks

Green Street swales and planters — on street edge of sidewalk
where street landscaping is normally installed

Proprietary planting cells

Advantages/Benefits:

Reduced runoff volume

Reduced peak discharge rate

Reduced TSS

Reduced pollutant loading

Reduced runoff temperature

Groundwater recharge (if soils are sufficiently permeable)
Habitat creation

Enhanced site aesthetics

Reduced heat island effect

Disadvantages/Limitations:

Minimum 2 foot separation from groundwater is required
Not suitable for pollution hotspots

Design considerations:

Maximum contributing drainage area of 2,500 square feet
Min infiltration rate > 0.5 inches per hour in order to remove
the underdrain requirement

Underdrain required if in Right of Way

Design to drain within 24 hours

Maximum running slope of 3%

Right of Way Applications

Used along curbside in urban areas

Selection Criteria:

LEVEL 1 — 60% Runoff Reduction Credit

Land Use Considerations:

X | Residential

X | Commercial

X | Industrial (with CITY Approval)

Maintenance:

e  Regular maintenance of landscaping to
maintain healthy vegetative cover

e Irrigation when necessary during first
growing season

e  Periodic trash removal

Maintenance Burden

Stormwater can be conveyed by sheet flow or curb cuts

L=Low M =Moderate H = High

Pretreatment is especially important in roadway applications
where sediment loads may be high

Design as a series of cells running parallel to roadway
Impermeable liner must be installed roadside to protect
subgrade

Cannot create hazard or interfere with walkability



ACTIVITY: Urban Bioretention GIP-02

SECTION 1: DESCRIPTION

Urban bioretention practices are similar in function to regular bioretention practices except they are adapted to
fit into “containers” within urban landscapes. Typically, urban bioretention is installed within an urban
streetscape or city street Right of Way (ROW), urban landscaping beds, tree planters, and plazas. Urban
bioretention is not intended for large commercial areas, nor should it be used to treat small sub-areas of a large
drainage area such as a parking lot. Rather, urban bioretention is intended to be incorporated into small
fragmented drainage areas such as shopping or pedestrian plazas within a larger urban development. Urban
Bioretention within the ROW can only be used to treat water that falls in the ROW.

Urban bioretention features hard edges, often with vertical concrete sides, as contrasted with the more gentle
earthen slopes of regular bioretention. If these practices are outside of the ROW, they may be open-bottomed,
to allow some infiltration of runoff into the sub-grade, but they generally are served by an underdrain.

Stormwater planters (also known as vegetative box filters or foundation planters) take advantage of limited
space available for stormwater treatment by placing a soil filter in a container located above ground or at grade
in landscaping areas between buildings and roadways with liner protection (Figure 2.1). The small footprint of
foundation planters is typically contained in a precast or cast-in-place concrete vault. Other materials may
include molded polypropylene cells and precast modular block systems. Stormwater planters must be outside
the ROW if they are treating roof water or runoff from areas outside of the ROW.

P b .
gce: City of Portland, OR \, = oLt i wille - |

Figure 2.1. Stormwater Planters (source: City of Portland, OR)



ACTIVITY: Urban Bioretention

GIP-02

Green Street swales and planters are installed in the sidewalk zone near the street where urban street trees are
normally installed. The soil volume for the tree pit is increased and used as a stormwater storage area (Figure
2.2). Treatment is increased by using a series of connected tree planting areas together in a row. The surface of
the enlarged planting area may be mulch, grates or pervious pavement (if outside the ROW). Large and shared
rooting space and a reliable water supply increase the growth and survival rates in this otherwise harsh planting

environment.

Figure 2.2. Green Street Planters on Deaderick St., Nashville, TN

Each urban bioretention variant is planted with a mix of trees, shrubs, and grasses as appropriate for its size and

landscaping context.

SECTION 2: PERFORMANCE

The runoff reduction function of an urban bioretention area is described in Table 2.1.

Stormwater Function

Level 1 Design

Level 2 Design

Runoff Volume Reduction (RR)

60%

Level 1 Design Only

Sources: CSN (2008) and CWP (2007)



ACTIVITY: Urban Bioretention

GIP-02

SECTION 3: DESIGN TABLE

Design criteria for urban bioretention are detailed in Table 2.2, below.

Table 2.2. Urban Bioretention Design Criteria

Level 1 Design Only (RR: 60)

Sizing (Refer to Section 6.1):
Surface Area (sq. ft.) = Tv/Storage Depth?

Underdrain = PVC or HDPE with clean-outs
(Refer to the Main Bioretention Design Specification GIP-01, Section 6.7)

Maximum Drainage Area = 2,500 sq. ft.

Maximum Ponding Depth = 6 inches

Filter media depth minimum = 30 inches; recommended maximum = 48 inches

Gravel layer depth minimum = 6 inches

Media and Surface Cover (Refer to GIP-01, Section 6.6)

Sub-soil testing (Refer to GIP-01, Section 6.2)

Inflow = sheet flow, curb cuts, trench drains, roof drains, concentrated flow, or equivalent

Building setbacks (Refer to Section 5)

Deeded maintenance O&M plan (Refer to GIP-01, Section 9)

1 Storage depth is the sum of the porosity (n,) of the soil media and gravel layers multiplied by their
respective depths, plus the surface ponding depth. Refer to Section 6.1.



ACTIVITY: Urban Bioretention
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SECTION 4: TYPICAL DETAILS
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Figure 2.4. Stormwater Planter Cross-Section (source: VADCR, 2010)
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SECTION 5: PHYSICAL FEASIBILITY & DESIGN APPLICATIONS

In general, urban bioretention has the same constraints as regular bioretention, along with a few additional

constraints as noted below:

Contributing Drainage Area. Urban bioretention is limited to 2,500 sq. ft. of drainage area. However, this is
considered a general rule; larger drainage areas may be allowed with sufficient flow controls and other
mechanisms to ensure proper function, safety, and community acceptance. The drainage areas in these urban
settings are typically considered to be 100% impervious. While multiple planters or swales can be installed to
maximize the treatment area in ultra-urban watersheds, urban bioretention is not intended to be used as
treatment for large impervious areas (such as parking lots).

Adequate Drainage. Urban bioretention practice elevations must allow the untreated stormwater runoff to be
discharged at the surface of the filter bed and ultimately connect to the local storm drain system.
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Available Hydraulic Head. In general, 3 feet of clevation difference is needed between the downstream storm
drain invert and the inflow point of the urban bioretention practice. This is generally not a constraint, due to the
standard depth of most storm drains systems.

Setbacks from Buildings and Roads. 1f an impermeable liner and an underdrain are used, no setback is
needed from the building. Otherwise, the urban bioretention practice should be 10 feet down gradient from the
building.

Proximity to Underground Utilities. Urban bioretention practices frequently compete for space with a variety
of utilities. Since they are often located parallel to the ROW, care should be taken to provide utility-specific
horizontal and vertical setbacks. However, conflicts with water and sewer laterals (e.g., house connections) may
be unavoidable, and the construction sequence must be altered, as necessary, to avoid impacts to existing
service.

Overhead Wires. Designers should also check whether future tree canopy heights achieved in conjunction with
urban bioretention practices will interfere with existing overhead telephone, cable communications and power
lines.

Minimizing External Impacts. Because urban bioretention practices are installed in highly urban settings,
individual units may be subject to higher public visibility, greater trash loads, pedestrian use traffic, vandalism,
and even vehicular loads. These practices should be designed in ways that prevent, or at least minimize, such
impacts. In addition, designers should clearly recognize the need to perform frequent landscaping maintenance
to remove trash, check for clogging, and maintain vigorous vegetation. The urban landscape context may feature
naturalized landscaping or a more formal design. When urban bioretention is used in sidewalk areas of high foot
traffic, designers should not impede pedestrian movement or create a safety hazard and maintain the American
with Disabilities Act (ADA) required path of travel. Designers may also install low fences (such as a low garden
fence), grates or other measures to prevent damage from pedestrian short-cutting across the practices.

SECTION 6: DESIGN CRITERIA

Urban bioretention practices are similar in function to regular bioretention practices except they are adapted to
gu Y

fit into “containers” within urban landscapes. Therefore, special sizing accommodations are made to allow these

practices to fit in very constrained areas where other surface practices may not be feasible.

6.1 Sizing of Urban Bioretention

The required surface area of the urban bioretention filter is calculated by dividing the Treatment Volume by the
Equivalent Storage Depth (Equation 2.2 below), in the same manner as it is calculated for traditional
bioretention. The equivalent storage depth is computed as the depth of media, gravel, or surface ponding (in
feet) multiplied by the accepted void ratio.

The accepted porosities (n) are:

Bioretention Soil Media (GIP-01) n = 0.40 (sandy loam, loamy sand, or loam)
Gravel n=0.40

Surface Storage n = 1.0

10



ACTIVITY: Urban Bioretention GIP-02

Egquation 2.1. Urban Bioretention Equivalent Storage Depth
Equivalent Storage Depth = Dg = n;(D;) + n,(D;) + -+

The equivalent storage depth for an urban bioretention facility with a 6-inch surface ponding depth, a 30-inch
media depth, and a 12-inch gravel layer is therefore computed as:

De =25 . x040) + (1 ft. x0.40) + (0.5 ft. x 1.0) = 1.9 f1.
Where ny and Dy are for the first layer, etc.

Surface Area (SA) is computed as:

Equation 2.2. Urban Bioretention Sizing

SA (sq. ft.) = Ty (cu. ft.) / D&
Where:
SA = the sutface area of the urban bioretention facility (in square feet)

Dr = Equivalent Storage Depth (f1.)
T, = the required Treatment Volume (in cubic feet)

Equation 2.3. Treatment Volume

Tv = [(1.0 inch)(Rv)(A)/12]
Where:

Tv = the required Treatment Volume (in cubic feet)
A = the contributing drainage area (in sq. ft.)
Ry = Runoff Coefficient found in Section 1 Chapter 3 of this Manual

Equations 2.1 and 2.2 should be modified if the storage depths of the soil media, gravel layer, or ponded water
vary in the actual design.

6.2 General Design Criteria for Urban Bioretention

Design of urban bioretention should follow the general guidance presented in this Bioretention design
specification. The actual geometric design of urban bioretention is usually dictated by other landscape elements
such as buildings, sidewalk widths, utility corridors, retaining walls, etc. Designers can divert fractions of the
runoff volume from small impervious surfaces into urban bioretention that is integrated with the overall
landscape design. Inlets and outlets should be located as far apart as possible. The following is additional design
guidance that applies to all variations of urban bioretention:

®  The ground surface of the micro-bioretention cell should slope 1% towards the outlet, unless a stormwater
planter is used.

The soil media depth should be a minimum of 30 inches.
If large trees and shrubs are to be installed, soil media depths should accommodate.

All urban bioretention practices should be designed to fully drain within 24 hours.

Any grates used above urban bioretention areas must be removable to allow maintenance access and must
be ADA compliant.

11
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The inlet(s) to urban bioretention should be stabilized using course aggregate stone, splash block, river
stone or other acceptable energy dissipation measures. The following forms of inlet stabilization are
recommended:

O Stone energy dissipaters.

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

Curb cuts allowing runoff into the bioretention area.

Covered drains that convey flows under sidewalks from the curb or from downspouts (if the
bioretention atrea is outside of the ROW).

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

O OO

Pre-treatment options overlap with those of regular bioretention practices. However, the materials used

may be chosen based on their aesthetic qualities in addition to their functional properties. For example,

river rock may be used in lieu of rip rap. Other pretreatment options may include one of the following:

O A trash rack between the pre-treatment cell and the main filter bed. This will allow trash to be
collected from one location.

O A trash rack across curb cuts. While this trash rack may clog occasionally, it keeps trash in the gutter,
where it can be picked up by street sweeping equipment.

O A pre-treatment area above ground or a manhole or grate directly over the pre-treatment area.

Overtlows can either be diverted from entering the bioretention cell or dealt with via an overflow inlet.

Optional methods include the following:

O Size curb openings to capture only the Treatment Volume and bypass higher flows through the
existing gutter.

0 Use landscaping type inlets or standpipes with trash guards as overflow devices.

0 Use a pre-treatment chamber with a weir design that limits flow to the filter bed area.

6.3 Specific Design Issues for Stormwater Planters

Since stormwater planters are often located near building foundations, waterproofing by using a watertight
concrete shell or an impermeable liner is required to prevent seepage.

6.4 Specific Design Issues for Green Streets Swales and Planters

The bottom of the soil layer must be a minimum of 4 inches below the root ball of plants to be installed.

Green streets designs sometimes cover portions of the filter media with pervious pavers (if outside the
ROW) or cantilevered sidewalks. In these situations, it is important that the filter media is connected
beneath the surface so that stormwater and tree roots can share this space.

Installing a 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.

A removable grate capable of supporting typical H-20 axel loads may be used to allow the tree to grow
through it.

FEach tree needs a minimum of 100 square feet of shared root space.

Proprietary tree pit devices are acceptable, provided they conform to this specification.

6.5 Planting and Landscaping Considerations

The degree of landscape maintenance that can be provided will determine some of the planting choices for
urban bioretention areas. The planting cells can be formal gardens or naturalized landscapes. Landscaping in the
ROW should be designed to limit visual obstructions for pedestrian and vehicular traffic.

12
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In areas where less maintenance will be provided and trash accumulation in shrubbery or herbaceous plants is a
concern, consider a “turf and trees” landscaping model. Spaces for herbaceous flowering plants can be included.
This may be attractive at a community entrance location.

Native trees or shrubs are preferred for urban bioretention areas, although some ornamental species may be
used. As with regular bioretention, selected perennials, shrubs, and trees must be tolerant of drought, and
inundation. The landscape designer should also take into account that de-icing materials may accumulate in the
bioretention areas in winter and could kill vegetation. Additionally, tree species selected should be those that are
known to survive well in the compacted soils and polluted air and water of an urban landscape.

SECTION 7: MATERIAL SPECIFICATIONS

Please consult the main bioretention design specification (GIP-01, Table 1.9) for the typical materials
needed for filter media, stone, mulch, and other bioretention features. In urban planters, pea gravel or river
stone may be a more appropriate and attractive mulch than shredded hardwood.

The unique components for urban bioretention may include the inlet control device, a concrete box or other
containing shell, protective grates, and an underdrain that daylights to another stormwater practice or connects
to the storm drain system. The underdrain should:

e  Consist of slotted pipe greater than or equal to 4 inches in diameter, placed in a layer of washed (less than
1% passing a #200 sieve) crushed stone.

e  Have a minimum of 2 inches of gravel laid above and below the pipe.
Be laid at a minimum slope of 0.5 %.

e  Extend the length of the box filter from one wall to within 6 inches of the opposite wall, and may be either
centered in the box or offset to one side.

®  Be separated from the soil media by non-woven, geotextile fabric or a 2 to 3 inch layer of 1/8 to 3/8 inch
pea gravel.

SECTION 8: CONSTRUCTION

The construction sequence and inspection requirements for urban bioretention are generally the same as other
bioretention practices. Consult the construction sequence and inspection guidance provided in the main
bioretention design specification (GIP-01). In cases where urban bioretention is constructed in the road or
ROW, the construction sequence may need to be adjusted to account for traffic control, pedestrian access and
utility notification.

Urban bioretention areas should only be constructed after the drainage area to the facility is completely
stabilized. The specified growth media should be placed and spread by hand with minimal compaction, in order
to avoid compaction and maintain the porosity of the media. The media should be placed in 12 inch lifts with
no machinery allowed directly on the media during or after construction. The media should be overfilled above
the proposed surface elevation, as needed, to allow for natural settling. Lifts may be lightly watered to encourage
settling. After the final lift is placed, the media should be raked (to level it), saturated, and allowed to settle prior
to installation of plant materials.

13
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SECTION 9: AS-BUILT REQUIREMENTS

After urban bioretention has been constructed, the developer must have an as-built certification conducted by a
registered Professional Engineer. The as-built certification verifies that the BMP was installed as designed and
approved. The following components are vital to ensure that the bioretention area works properly and they must
be addressed in the as-built certification:

° The proper media and gravel depths were installed per plan. Photographs taken during phases of
construction should be included to demonstrate.

e  Surrounding drainage areas must be stabilized to prevent sediment from clogging the filter media.
®  Correct ponding depths and infiltration rates must be verified.

®  [andscape plan must be provided.

SECTION 10: OPERATION AND MAINTENANCE

Each BMP must have a City of Franklin Storm Water Management Facilities O&M Agreement submitted for
approval and maintained and updated by the BMP owner. The Storm Water Management Facilities O&M
Agreement must be completed and submitted to the City with the grading permit application. The Storm Water
Management Facilities O&M Agreement is for the use of the BMP owner in performing routine inspections.
The developer/owner is responsible for the cost of maintenance and annual inspections. The BMP owner must
maintain and update the BMP operations and maintenance plan.

Routine operation and maintenance are essential to gain public acceptance of highly visible urban bioretention
areas. Weeding, pruning, the removal and replacement of dead vegetation and trash removal should be done as
needed to maintain the aesthetics necessary for community acceptance. During drought conditions, it may be
necessaty to water the plants, as would be necessary for any landscaped area.

To ensure proper performance, installers should check that stormwater infiltrates properly into the soil within
24 hours after a storm. If excessive surface ponding is observed, corrective measures include inspection for soil
compaction and underdrain clogging. Consult the maintenance guidance outlined in the main bioretention
design specification (GIP-01).

SECTION 11: RIGHT OF WAY DESIGN CONSIDERATIONS

Green Street swales and planters are applicable along roads. They can be used along curbside in urban areas with
stormwater being conveyed by sheet flow or curb cuts. Green Street swales and planters can also be designed as
a series of cells running parallel to roadway. An impermeable liner must separate the road subgrade from the
bioretention feature.

14



ACTIVITY: Urban Bioretention

GIP-02

BUILDING

DOWNSPOUT
OR OTHER
CONVEYANCE
SYSTEM

OVERFLOW

SPLASH ROCKS
/BLOCK

FILTER FABRIC
WATERPROOF

BUILDING
(AS NEEDED)

1] ‘- PERFORATED PIPE
to run length of planter

PIPE TO
APPROVED
DESTINATION

Figure 2.6 Flow-through planter.

77 ISTRUCT

el A URAL
ANV NSl WALL
3 \“ A Q.! E‘"‘E' \ /

, ’-:‘0', 4;. "‘?t
Al W ’ Ry Db

IMPERVIOUS
SURFA{ZE
Eﬁ , {\
WALL
OPENING
GROWING Eﬁ/
MEDIUM

|

FILTER FABRIC 7|

EXISTING
SOIL

Figure 2.7 Infiltration planter (Not for ROW).

(Source: Portland Bureau of Environmental Services) (Source: Portland Bureau of Environmental Services)

Figure 2.8 Portland State University street

planters.
(Photo: Martina Keefe)

Figure 2.8 Deaderick Street planters, Nashville, TN.
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APPENDIX A

Popular Plants Suitable for Tree Planters in Franklin

Table 2.3. Popular Native Perennials Suitable for Tree Planters — Full Sun

Latin Name Common Name Size Spacing Moisture Color Height

Asclepias tuberosa Butterfly Plugs—1gal. | 1plant/18” o.c. | Dry-moist Orange | 2’
milkweed

Aster novae-angliae | New England Plugs—1gal. | 1plant/24” o.c. | Wet- Blue 2-5
aster moist

Coreopsis lanceolata | Lance-leaf Plugs—1gal. | 1plant/18” o.c. = Moist-dry @ Yellow 6-8’
coreopsis

Eupatorium Sweet Joe-Pye Plugs—1gal. | 1plant/24” o.c. = Wet- Purple 3-6'

purpureum Weed (Dwarf) moist

Iris virginica Flag Iris Plugs—1gal. | 1plant/18” o.c. | Moist- Blue 2

Wet

Liatris spicata Dense Plugs—1gal. | 1plant/24” o.c. | Wet- Purple 15
blazingstar moist

Penstemon digitalis | Smooth white Plugs—1gal | 1plant/24” o.c. Wet White 2-3
beardtongue

Salvia lyrata Lyre-leaf sage Plugs—1gal | 1plant/18” o.c. Moist Purple 1-2’

Table 2.4. Popular Native Perennials Suitable for Tree Planters — Shade

Latin Name Common Name Size Spacing Moisture Color Height

Aquilegia canadensis | Wild columbine Plugs —1 gal. 1 plant/18” o.c. | Moist-dry | Pink 1-2.5

Aster novae-angliae | New England Plugs —1 gal. 1 plant/24” o.c. | Moist-dry | Blue/ purple 3-4
aster

Aster oblongifolius | Aromatic Aster Plugs —1 gal. 1 plant/24” o.c. | Moist-dry | Blue/ purple 1.5-3

Coreopsis lanceolata | Tickseed Plugs—1 gal. 1 plant/18” o.c. | Moist-dry = Yellow 3
coreopsis
Heuchera americana | Alumroot Plugs —1 gal. 1plant/18” o.c. | Moist-dry = Purple i

DT: Drought Tolerant
FT: Flood Tolerant
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Table 2.5. Popular Native Grasses and Sedges Suitable for Tree Planters

Latin Name Common Name Size Spacing Moisture = Color Height
Carex 1gal. 1 plant/24” o.c. = Moist Green 3’
muskingumensis Palm Sedge
Chasmanthium Upland Sea Oats Plugs—1gal. 1plant/18” o.c. | Moist-dry | Green 4
latifolium
Equisetum hyemale | Horsetail Plugs—1gal. 1plant/18” o.c. | Wet Green 3’
Juncus effesus Soft Rush Plugs—1gal. 1plant/24” o.c. | Wet-dry | Green 4-6'
Muhlenbergia 1gal. 1 plant/24” o.c. | Moist Pink 3’
capallaris Mubhly Grass

. . 1-3 gal. 1 plant/48” o.c. | Moist - Yellow 5-7'
Panicum virgatum .

Switchgrass dry

Schizachyrium 1gal. 1 plant/24” o.c. | Moist-dry = Yellow 3
scoparium Little Blue Stem
Sporobolus 1 gal. 1plant/24” o.c. | Moist- Green 2-3’
heterolepsis Prairie Dropseed dry

Table 2.6. Popular Native Trees Suitable for Tree Planters

Latin Name Common DT-FT Light Moisture Notes Flower Height
Name Color

Acer rubrum Red Maple DT-FT Sun-shade Dry-wet Fall color 50-70’

Betula nigra River Birch FT Sun-pt shade Moist-wet | Exfoliating bark 40-70

Carpinus Ironwood Sun-pt shade Moist White 40-60’

caroliniana

Carya Water Hickory | FT-DT Sun Moist Fall color 35-50’

aquatica

Cercus Redbud DT Sun-shade Moist Pea-like flowers, | Purple 20-30’

Canadensis seed pods

Liquidambar Sweetgum DT-FT Sun-pt shade Dry-moist 60-100

styraciflua (fruitless)

Nyssa Black Gum Sun-Shade Moist Fall color 35-50’

sylvatica

Platanus Sycamore FT Sun-pt shade Moist White mottled 70-100

occidentalis bark

Quercus Nuttall Oak DT Sun Dry-moist | Acorns 40-60’

nuttalli

Quercus lyrata | Overcup Oak FT Sun Moist Acorns 40-60’

Quercus Shumard Oak DT Sun Moist Acorns 40-60’

shumardii

Ulmus American Elm DT-FT Sun-pt shade Moist

americana

DT: Drought Tolerant

FT: Flood Tolerant
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Table 2.7. Popular Native Shrubs Suitable for Tree Planters

Latin Name Common Name DT- Light Moisture Notes Flower Height
FT Color

Clethra Sweet Pepper Sun-pt Dry-moist Hummingbirds White | 5-8&

alnifolia Bush (Dwarf) shade

Hydrangea Oakleaf DT Pt shade— | Moist White | 3-6

quercifolia Hydrangea shade

Hypericum Golden St. DT Sun-pt Dry-moist Semi-evergreen Yellow | 2-3’

frondosum John’s Wort shade

llex glabra Inkberry (Dwarf) DT Sun-pt Moist-wet Evergreen 4-8’
shade

DT: Drought Tolerant
FT: Flood Tolerant
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FILTER MEDIA SPECIFICATIONS PLANTINGS PER APPROVED

LANDSCAPE PLANS

DEPTH: AS SPECIFIED ON PLANS

MAX PONDING DEPTH - "

DEPTH LIMITS:
30" MIN
48" MAX
CONTENTS: L[TTTTT s
0% SIT UNSNYDYRYRY
30% SAND 3" NON-FLOATABLE MULCH LAYER
20% CLAY (SHREDDED, AGED HARDWOOD OR
10% ORGANICS PINE, STRAW) OR RIVER STONE
FILTER
MEDIA 3" CHOKERSTOME LAYER
» /_ (#8 STONE)
] 12" GRAVEL DRAINAGE LAYER
2 v (#57 STONE - DOUBLE-WASHED)
I‘/
Q
4" UNDERDRAINS \— GEOTEXTILE FILTER FABRIC
L.5. FABRIC INC.
200 NON-WOVEN (ENVIRONMENTAL)
(OR APPROVED EQUAL)

EXCAVATORS SHALL BE EQUIPPED IN ORDER TO WORK FROM THE OUTSIDE THE GIP FOOTPRINT. EXCAVATED AREAS SHALL NOT BE COMPACTED
OR LOADED IN ANY WAY AS TO CAUSE SOIL COMPACTION.

2. DURING EXCAVATION, MOIST CONDITIONS MAY CAUSE FINES TO CLOG THE NATIVE SOIL SURFACE OF THE FACILITY. IF THE NATIVE SOIL HAS BEEN
EXPOSED TO RAINFALL OR IF SMEARING OCCURS, HAND RAKE THE SURFACE TO A DEPTH OF 3" TO RESTORE INFILTRATION CAPACITY.
3. DURING CONSTRUCTION PHASE, CONTRACTOR SHALL DIVERT RUNOFF FLOW AROUND THE GIP AREAS TO ENSURE SEDIMENT DOES NOT ENTER,
4, RECYCLED MATERIAL IS NOT AN APPROVED FOR USE IN GIP FACILITIES.
5. UTILITIES, INCLUDING IRRIGATION ARE PROHIBITED WITHIN THE GIP FOOTPRINT.
CONSTRUCTION SEQUENCING:
1. CONSTRUCT STORMWATER RUNCFF DIVERSIONS.
2. EXCAVATE GIP AREAS.
3. SCARIFY SUBGRADE BY RIPPING THE BOTTOM SOILS TO A DEPTH OF 12 INCHES PRIOR TO STONE PLACEMENT.
4. SCHEDULE GIP INSTEPCTION WITH CITY STORMWATER INSPECTOR AT (615) 791-3218.
5. INSTALL PERMEABLE GEOTEXTILE FABRIC.
6. INSTALL STONE LAYER, UNDERDRAIM PIPES, CONNECT TO OUTLET STRUCTURE.
7. SCHEDULE GIP INSTEPCTION WITH CITY STORMWATER INSPECTOR AT (615) 791-3218.
8. INSTALL ADDITIONAL STONE ON AND FLAG THE UNDERDRAIN (3 FT EACH SIDE).
9. A SMALL BOBCAT LOADER MAY TO BE USED FOR PLACEMENT OF ADDITIONAL SECTIONS AVOIDING THE UNDERDRAIN PIPE INSTALLATIONS,
10. DELIVER AND STORE SOIL MEDIA ON PLASTIC SHEETING WITH APPROPRIATE EROSION CONTROL MEASURES.
11. SCHEDULE GIP INSTEPCTION WITH CITY STORMWATER INSPECTOR AT (615) 791-3218.
12, ALLOW 48 HOURS SETTLEMENT. DO NOT COMPACT WITH EQUIPMENT.
13. ADD ADDITIONAL MEDIA AS NEEDED TO ACHIEVE THE DESIGN ELEVATIONS.
14, INSTALL VEGETATION, AND WATER ACCORDINGLY. PERMANENT IRRIGATION IS PROHIBITED IN GIP.
15. INSTALL SPECIFIED GROUNDCOVER,
16. FLAG LIMITS OF GIP FOR SURVEY LOCATE AND SHOW ON AS-BUILT PLANS.

N.T.S.

URBAN BIORETENTION
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ACTIVITY: Permeable Pavement

Permeable Pavement

Description: Permeable pavements allow stormwater runoff to filter
through voids in the pavement surface into an underlying stone
reservoir, where it is temporarily stored and/or infiltrated. Porous
paving systems have several design variants. The four major
categories are: 1) pervious concrete; 2) modular block systems; 3)
porous asphalt and 4) grass and gravel pavers. All have a similar
structure, consisting of a surface pavement layer, an underlying stone
ageregate reservoir layer and a filter layer or fabric installed on the
bottom. Porous asphalt shall not be used within the City of Franklin.

Variations: permeable interlocking pavers, concrete grid pavers, plastic reinforced grid pavers

Advantages/Benefits:

e  Runoff volume reduction

e Can increase aesthetic value

e Provides water quality treatment

Disadvantages/Limitations:

e Cost

e Maintenance

e Limited to low traffic areas with limited structural loading
e  Potential issues with handicap access

e Infiltration can be limited by underlying soil property

e Not effective on steep slopes

Applications:

e Best used in low traffic and low load bearing areas

e Parking lots (particularly overflow areas)

e Driveways (commercial)

e Sidewalks (outside the Right of Way)

e Emergency access roads, maintenance roads and trails, etc

Selection Criteria:

LEVEL 1 — 45% Runoff Reduction Credit

LEVEL 2 — 75% Runoff Reduction Credit

Land Use Considerations:

X | Residential

X | Commercial

X | Industrial

Maintenance:

Turf pavers can require mowing,
fertilization, and irrigation. Plowing is
possible, but requires use of skids

Sand and salt should not be applied
Adjacent areas should be fully stabilized
with vegetation to prevent sediment-laden
runoff from clogging the surface

A vacuum-type sweeper or high-pressure
hosing (for porous concrete) should be
used for cleaning

Maintenance Burden
L=Low M = Moderate H =High




ACTIVITY: Permeable Pavement GIP-03

SECTION 1: DESCRIPTION

Permeable pavements are alternative paving surfaces that allow stormwater
runoff to filter through voids in the pavement surface into an underlying
stone reservoir, where it is temporatily stored and/or infiltrated. Permeable
pavements consist of a surface pavement layer, an undetlying stone
aggregate reservoir layer and a filter layer or fabric installed on the bottom
(See Figure 3.1 below).

The thickness of the reservoir layer is determined by both a structural and
hydrologic design analysis. The reservoir layer serves to retain stormwater
and also supports the design traffic loads for the pavement. In low-
infiltration soils, some or all of the filtered runoff is collected in an e _
underdrain and returned to the storm drain system. If infiltration rates in the native soils permit, permeable
pavement can be designed without an underdrain, to enable full infiltration of runoff. A combination of these
methods can be used to infiltrate a portion of the filtered runoff.

g

Pervious Material

Drainage

Filter Layer

Infiltration

Figure 3.1. Cross Section of Typical Permeable Pavement (Source: Hunt & Collins, 2008)

Permeable pavement is typically designed to treat stormwater that falls on the actual pavement surface area, but it
may also be used to accept run-on from small adjacent impervious areas, such as impermeable driving lanes or
rooftops. However, careful sediment control is needed for any run-on areas to avoid clogging of the down-gradient
permeable pavement. Permeable pavement has been used at commercial, institutional, and residential sites in
spaces that are traditionally impervious. Permeable pavement promotes a high degree of runoff volume reduction
and nutrient removal, and it can also reduce the effective impervious cover of a development site.
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SECTION 2: PERFORMANCE
The overall runoff reduction of permeable pavement is shown in Table 3.1.

Table 3.1. Runoff Volume Reduction Provided by Permeable Pavement

Stormwater Function Level 1 Design Level 2 Design
Runoff Volume Reduction (RR) 45% 75%

Sources: CSN (2008) and CWP (2007)

SECTION 3: DESIGN TABLE

The major design goal of Permeable Pavement is to maximize runoff reduction. To this end, designers may choose
to use a baseline permeable pavement design (Level 1) or an enhanced design (Level 2) that maximizes runoff

reduction. To qualify for Level 2, the design must meet all design criteria shown in the right hand column of Table
3.2.

Table 3.2. Permeable Pavement Design Criteria

Level 1 Design Level 2 Design

Tv = (1)(Rv)(A) 3630 Tv = (1.1)(Rv)(A) 3630

Soil infiltration < 0.5 in./hr. Soil infiltration rate > 0.5 in./hr.

Maximum contributing drainage area is twice the The permeable material handles only rainfall on its

permeable surface area. surface.
Underdrain not required; OR

Underdrain required If an underdrain is used, a 12-inch stone sump must
be provided below the underdrain invert

1. A=Areainacres

SECTION 4: TYPICAL DETAILS

Concrete Pavers

Permeable Joint Material
Open-graded
Bedding Course

Open-graded
Base Reservoir

Open-graded
Subbase
Reservoir

Underdrain
(as required)

Optional Geotextile
Under Subbase

Uncompacted Subgrade Soil

Figure 3.2. Typical Detail of Concrete Paver (Source: Smith, 2009)
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Pervious Concrete Mives

Tvpical Section:

Pervious concrete

Open groded crushed caggregate
/ bose {required onaH i subgrade
g is not well-drained)

1 Yaries 1, Vories 1.

- €——— Filter fabric or choker stone layer

Subgrede, minimal compaction

Figure 3.3. Typical Detail of Pervious Concrete (Source: Portland, 2003)

SECTION 5: PHYSICAL FEASIBILITY & DESIGN APPLICATIONS

Since permeable pavement has a very high runoff reduction 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.

Available 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 constrain the use of permeable pavement, although they do determine whether an
underdrain is needed. Impermeable soils in Hydrologic Soil Groups (HSG) C or D usually require an underdrain,
whereas HSG A and B soils often do not. In addition, permeable pavement should never be situated above fill
soils unless designed with an impermeable liner and underdrain.

If the proposed permeable pavement area is designed to infiltrate runoff without underdrains, it must have a
minimum infiltration rate of 0.5 inches per hour. Initially, projected soil infiltration rates can be estimated from
USDA-NRCS soil data, but they must be confirmed by an on-site infiltration measurement. Native soils should
have silt/clay content less than 40% and clay content less than 20%.

Designers should also evaluate existing 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 NRCS soil surveys
should be considered as primary locations for all types of infiltration.
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External Drainage Area. Any external drainage area contributing runoff to permeable pavement should not
exceed twice the surface area of the permeable pavement (for Level 1 design), and it should be as close to 100%
impervious as possible. Some field experience has shown that an upgradient drainage area (even if it is impervious)
can contribute particulates to the permeable pavement and lead to clogging (Hirschman, et al., 2009). Therefore,
careful sediment soutce control and/or a pre-treatment strip or sump (e.g., stone or gravel) should be used to
control sediment run-on to the permeable pavement section.

Pavement Slope. Steep slopes can reduce the stormwater storage capability of permeable pavement and may
cause shifting of the pavement surface and base materials. Designers should consider using a terraced design for
permeable pavement in sloped areas, especially when the local slope is several percent or greater.

The bottom slope of a permeable pavement installation should be as flat as possible (i.e., 0% longitudinal slope) to
enable even distribution and infiltration of stormwater. However, a maximum longitudinal slope of 1% is
permissible if an underdrain is employed. Lateral slopes should be 0%.

Minimum Hydraulic Head. The clevation difference needed for permeable pavement to function propetly is
generally nominal, although 2 to 4 feet of head may be needed to drive flows through underdrains. Flat terrain may
affect proper drainage of Level 1 permeable pavement designs, so underdrains should have a minimum 0.5% slope.

Minimum Depth to Water Table. A high groundwater table may cause runoff to pond at the bottom of the
permeable pavement system. Therefore, a minimum vertical distance of 2 feet must be provided between the
bottom of the permeable pavement installation (i.e., the bottom invert of the reservoir layer) and the seasonal high
water table.

Setbacks. Permeable pavement should not be hydraulically connected to structure foundations, in order to avoid
harmful seepage. Setbacks to structures and roads vary, based on the scale of the permeable pavement installation
(see Table 3.3 below). At a minimum, small- and large-scale pavement applications should be located a minimum
horizontal distance of 100 feet from any water supply well, 50 feet from septic systems, and at least 5 feet down-
gradient from dry or wet utility lines.

Informed Owner. The property owner should clearly understand the unique maintenance responsibilities inherent
with permeable pavement, particularly for parking lot applications. The owner should be capable of performing
routine and long-term actions (e.g., vacuum sweeping) to maintain the pavement’s hydrologic functions, and avoid
future practices (e.g., winter sanding, seal coating or repaving) that diminish or eliminate them.

High Loading Situations. Permeable pavement is not intended to treat sites with high sediment or trash/debris
loads, since such loads will cause the practice to clog and fail.

Groundwater Protection. Section 11 of the Bioretention specification (GIP-01) presents a list of potential
stormwater hotspots that pose a risk of groundwater contamination. Infiltration of runoff from designated
hotspots is highly restricted or prohibited.

Limitations. Permeable pavement can be used as an alternative to most types of conventional pavement at
residential, commercial and institutional developments; however, it is not currently approved for use in the Right
of Way (ROW).

Design Scales. Permeable pavement can be installed at the following three scales:

1. The smallest scale is termed Micro-Scale Pavements, which applies to converting impervious surfaces to
permeable ones on small lots and redevelopment projects, where the installations may range from 250 to 1000
square feet in total area. Where redevelopment or retrofitting of existing impervious areas results in a larger
foot-print of permeable pavers (small-scale or large- scale, as described below), the designer should implement
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GIP-03

the Load Bearing, Observation Well, Underdrain, Soil Test, and Building Setback criteria associated with the

applicable scale.

2. Small-scale pavement applications treat portions of a site between 1,000 and 10,000 square feet in area, and
include areas that only occasionally receive heavy vehicular traffic.

3. Large scale pavement applications exceed 10,000 squate feet in area and typically are installed within

portions of a parking lot.

Table 3.3 outlines the different design requirements for each of the three scales of permeable pavement

installation.

Design Factor

able 3.3. The Three Desig

Micro-Scale Pavement

Small-Scale Pavement

Scales for Permeable Pavement \

Large-Scale Pavement

Impervious Area

250 to 1,000 sg. ft.

1,000 to 10,000 sg. ft.

More than 10,000 sq. ft.

Treated

Driveway:js Wlalkwayij. ual [S::;i:\ll-\;ar:I;SNetwork Parking Lots with more
Typical g&iﬁ/ﬁ;ss PP e R Road Shoulders than 40 spaces
Applications

(private) Spill-Over
Parking Plazas

Load Bearing
Capacity

Foot traffic
Light vehicles

Light vehicles

Heavy vehicles
(moving & parked)

Reservoir Size

Infiltrate or detain some
or all of the T,

Infiltrate or detain the full T,

External Drainage

Impervious cover up to twice

Impervious cover up to

Area? No with Level 1 design. twice with Level 1 design.
Observation Well No No Yes

Underdrain? Rare Depends on the soils Back-up underdrain
LTl Two per practice Four per practice Four + one per every
Tests additional 5000 ft?
Suggested Building 5 feet down-gradient 10 feet down-gradient 25 feet down-gradient
Setbacks 25 feet up-gradient 50 feet up-gradient 100 feet up-gradient

Regardless of the design scale of the permeable pavement installation, the designer should carefully consider the
expected traffic load at the proposed site and the consequent structural requirements of the pavement system. Sites
with heavy traffic loads will require a thick aggregate base. Sites with heavy traffic loads will require a thick
aggregate base and, in the case of pervious concrete, may require the addition of an admixture for strength or a
specific bedding design. In contrast, most micro-scale applications should have little or no traffic flow to contend
with.

SECTION 6: DESIGN CRITERIA

6.1 Sizing of Permeable Pavement

Structural Design. 1f 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 (e.g., the water quality, channel protection, and/or flood control
volumes). On most new development and redevelopment sites, the structural support requirements will dictate the
depth of the underlying stone reservoir.
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The structural design of permeable pavements involves consideration of four main site elements:

Total traffic;
In-situ soil strength;
Environmental elements; and

Bedding and Reservoir layer design.

The resulting structural requirements may include, but are not limited to, the thickness of the pavement, filter, and
reservoir layer. Designers should note that if the underlying soils have a low California Bearing Ratio (CBR) (less
than 4%), they may need to be compacted to at least 95% of the Standard Proctor Density, which generally rules
out their use for infiltration.

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

e  TDOT Roadway Design Guidelines (2010; or latest edition);
e AASHTO Guide for Design of Pavement Structures (1993); and,
e AASHTO Supplement to the Guide for Design of Pavement Structures (1998).

Hydraulic Design. Permeable pavement is typically sized to store the complete water quality Treatment Volume
(Ty) or another design storm volume in the reservoir layer. Modeling has shown that this simplified sizing rule
approximates an 80% average rainfall volume removal for subsurface soil infiltration rates up to one inch per hour.
More conservative values are given because both local and national experience has shown that clogging of the
permeable material can be an issue, especially with larger contributing areas carrying significant soil materials onto
the permeable surface.

The infiltration rate typically will be less than the flow rate through the pavement, so that some underground
reservoir storage will usually be required. Designers should initially assume that there is no outflow through
underdrains, using Equation 3.1 to determine the depth of the reservoir layer, assuming runoff fully infiltrates into
the underlying soil:

Equation 3.1. Depth of Reservoir Layer with no Underdrain

_ {(de xR + P = ({5 x t;)}

p

n
Where:

dy = The depth of the reservoir layer (ft.)

a; = The depth of runoff from the contributing drainage area (not including the permeable paving surface)
for the Treatment Volume (Tyv/A.), or other design storm (ft.)

R = Ac/Ap = The ratio of the contributing drainage area (A, not including the permeable paving surface)
to the permeable pavement surface area (Ap) [NOTE: With reference to Table 3.3, the maximum
value for the Level 1 design is R = 2, (the external drainage area A is twice that of the permeable
pavement area Ap; and for Level 2 design R = 0 (the drainage area is made up solely of permeable
pavement Ay|.

p = The rainfall depth for the Treatment Volume (Level 1 = 1 inch; Level 2 = 1.1 inch), or other design
storm (ft.)

7 = 'The field-verified infiltration rate for native soils (ft./day)

1 =  The time to fill the reservoir layer (day) — typically 2 hours or 0.083 day

ﬂ pug

The porosity for the reservoir layer (0.4)
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The maximum allowable depth of the reservoir layer is constrained by the maximum allowable drain time, which is
calculated using Equation 3.2.

Equation 3.2. Maximum Depth of Reservoir Layer

(i/z X tg)

n

dp—max

Where:
Dy ase =  The maximum depth of the reservoir layer (ft.)
i =  The field-verified infiltration rate for native soils (ft./day)
1) =  The maximum allowable time to drain the resetvoir layer, typically 1 to 2 days
7 pug

The porosity for the reservoir layer (0.4)

The following design assumptions apply to Equations 3.1 and 3.2:
e The contributing drainage area (A ) should not contain pervious areas.

e For design purposes, the native soil infiltration rate (i) should be the field-tested soil infiltration rate divided by a
factor of safety of 2. The minimum acceptable native soil infiltration rate is 0.5 inches/ht.

e The porosity (n) for No. 57 stone = 0.40

e Max. drain time for the reservoir layer should be not less than 24 or more than 48 hours.

If the depth of the reservoir layer is too great (i.e. dp exceeds dp-may, Of the verified soil infiltration rate is less than 0.5
inches per hour, then the design method typically changes to account for underdrains. The storage volume in the
pavements must account for the underlying infiltration rate and outflow through the underdrain. In this case, the design
storm should be routed through the pavement to accurately determine the required reservoir depth. Alternatively, the
designer may use Equations 3.3 through 3.5 to approximate the depth of the reservoir layer for designs using
underdrains.

Equation 3.3 can be used to approximate the outflow rate from the underdrain. The hydraulic conductivity, £, of
gravel media is very high (~17,000 ft./day). However, the permeable pavement reservoir layer will drain increasingly
slower as the storage volume decreases (i.e. the hydraulic head decreases). To account for this change, a conservative
permeability coefficient of 100 ft./day can be used to approximate the average underdrain outflow rate.

Equation 3.3. Outflow through Underdrain

Gu =k xm

Where:
Gu = Outflow through the underdrain (per outlet pipe, assumed 6-inch diameter)(ft./day)
£ =  Hydraulic conductivity for the reservoir layer (ft./day — assume 100 ft./day)
Z =  Underdrain pipe slope (ft./ft.)

Once the outflow rate through the underdrain has been approximated, Equation 3.4 is used to determine the depth of
the reservoir layer needed to store the design storm.
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Equation 3.4. Depth of Reservoir Layer with Outtlow through Underdrain

(xR +P = ({5 1) ~ @ x )

p

n
Where:

dy =  Depth of the reservoir layer (ft.)

d: = Depth of runoff from the contributing drainage area (not including the permeable pavement surface)
for the Treatment Volume (Tv/A.), or other design storm (ft.)

R - A/ Ap = The ratio of the contributing drainage area (A; (not including the permeable pavement
surface) to the permeable pavement surface area (A;)

P = The rainfall depth for the Treatment Volume (Level 1 =1 inch; Level 2 = 1.1
inch), or other design storm (ft.)

! = The field-verified infiltration rate for the native soils (ft./day)

b = The time to fill the reservoir layer (day) — typically 2 hours or 0.083 day

n = The porosity for the reservoir layer (0.4)

Gu = Outflow through Underdrain (ft/day)

The maximum allowable depth of the reservoir layer is constrained by the maximum allowable drain time, which is
calculated using Equation 3.5.

Equation 3.5. Maximum Depth of Reservoir Layer with Outflow through Underdrain

_ {(i/z X td) —(qu % td)}

N n

dp—max

Where:
By The maximum depth of the reservoir layer (ft.)
‘ = The field-verified infiltration rate for the native soils (ft./day)
n = The porosity for the reservoir layer (0.4)
% = The time to drain the reservoir layer (day — typically 1 to 2 days)
Gn = Outflow through Underdrain (ft/day)

If the depth of the reservoir layer is still too great (i.e. d, exceeds dyn.), the number of underdrains can be
increased, which will increase the underdrain outflow rate.

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 vatious approaches by
factoring in storage within the stone aggregate layer, 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.

Once runoff passes through the surface of the permeable pavement system, designers should calculate outflow
pathways to handle subsurface flows. Subsurface flows can be regulated using underdrains, the volume of storage
in the reservoir layer, and the bed slope of the reservoir layer.
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6.2 Soil Infiltration Rate Testing

To design a permeable pavement system without an underdrain, the measured infiltration rate of subsoils must be
0.5 inches per hour or greater. On-site soil infiltration rate testing procedures are outlined in Appendix 3-A. A
minimum of two tests must be taken for micro-scale pavements, four tests for small-scale, and four tests plus one
for every additional 5,000 sq. ft of large-scale pavement. The same frequency of soil borings must be taken to
confirm the underlying soil properties at the depth where infiltration is designed to occnr (i.e., to ensure that the depth to
water table, depth to bedrock, or karst is defined). Soil infiltration testing should be conducted within any
confining layers that are found within 4 feet of the bottom of a proposed permeable pavement system.

6.3 Type of Surface Pavement

Pervious concrete, permeable interlocking concrete pavers, concrete grid pavers, and plastic reinforced grid paver
surfaces are permitted.

6.4 Internal Geometry and Drawdowns

Elevated Underdrain. To promote greater runoff reduction for permeable pavement located on marginal
soils, an elevated underdrain should be installed with a stone jacket that creates a 12 to 18 inch deep storage
layer below the underdrain invert. The void storage in this layer can help qualify a site to achieve Level 2 design.

Rapid Drawdown. When possible, permeable pavement should be designed so that the target runoff
reduction volume stays in the reservoir layer for at least 36 hours before being discharged through an
underdrain.

Conservative Infiltration Rates. Designers should always decrease the measured infiltration rate by a factor
of 2 during design, to approximate long term infiltration rates.

6.5 Pretreatment

Pretreatment for most permeable pavement applications is not necessary, since the surface acts as pretreatment to
the reservoir layer below.

6.6 Conveyance and Overflow

Permeable pavement designs should include methods to convey larger storms (e.g., 2-yt, 10-yt) to the storm drain
system. The following is a list of methods that can be used to accomplish this:

Place a perforated pipe horizontally near the top of the reservoir layer to pass excess flows after water has
filled the base. The placement and/or design should be such that the incoming runoff is not captured (e.g.,
placing the perforations on the underside only).

Increase the thickness of the top of the reservoir layer by as much as 6 inches (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 excess flows to another detention or conveyance system that is designed for the management of
extreme event flows.

Set the storm drain inlets flush with the elevation of the permeable pavement surface to effectively convey
excess stormwater runoff past the system (typically in remote areas). The design should also make allowances
for relief of unacceptable ponding depths during larger rainfall events.
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6.7 Reservoir layer

The thickness of the reservoir layer is determined by runoff storage needs, the infiltration rate of in situ soils,
structural requirements of the pavement sub-base, depth to water table and bedrock, and frost depth conditions. A
professional should be consulted regarding the suitability of the soil subgrade.

e The reservoir below the permeable pavement surface should be composed of clean, washed stone aggregate
and sized for both the storm event to be treated and the structural requirements of the expected traffic
loading.

e The storage layer may consist of clean washed No. 57 stone, although No. 2 stone is preferred because it
provides additional storage and structural stability.

e The bottom of the reservoir layer should be completely flat so that runoff will be able to infiltrate evenly
through the entire surface.

6.8 Underdrains

The use of underdrains is recommended when there is a reasonable potential for infiltration rates to decrease over
time, when underlying soils have an infiltration rate of 0.5 inches per hour or less, when shallow bedrock is
present, or when soils must be compacted to achieve a desired Proctor density. Underdrains can also be used to
manage extreme storm events to keep detained stormwater from backing up into the permeable pavement.

e An underdrain(s) should be placed within the reservoir and encased in 8 to 12 inches of clean, washed stone.

e The underdrain outlet can be fitted with a flow-reduction orifice as a means of regulating the stormwater
detention time. The minimum diameter of any orifice should be 0.5 inch.

e An underdrain(s) can also be installed and capped at a downstream structure as an option for future use if
maintenance observations indicate a reduction in the soil permeability.

6.9 Maintenance Reduction Features

Maintenance is a crucial element to ensure the long-term performance of permeable pavement. The most
frequently cited maintenance problem is surface clogging caused by organic matter and sediment, which can be
reduced by the following measures:

e Periodic Vacuum Sweeping. The pavement surface is the first line of defense in trapping and eliminating
sediment that may otherwise enter the stone base and soil subgrade. The rate of sediment deposition should be
monitored and vacuum sweeping done once or twice a year. This frequency should be adjusted according to
the intensity of use and deposition rate on the permeable pavement surface. At least one sweeping pass should
occur at the end of winter.

e  Protecting the Bottom of the Reservoir Layer. There are two options to protect the bottom of the
reservoir layer from intrusion by underlying soils. The first method involves covering the bottom with
nonwoven, polypropylene geotextile that is permeable, although some practitioners recommend avoiding the
use of filter fabric since it may become a future plane of clogging within the system. Permeable filter fabric is
still recommended to protect the excavated sides of the reservoir layer, in order to prevent soil piping. The
second method is to form a bartier of choker stone and sand. In this case, undetlying native soils should be
separated from the reservoir base/subgrade layer by a thin 2 to 4 inch layer of clean, washed, choker stone
(ASTM D 448 No. 8 stone) covered by a layer of 6 to 8 inches of course sand.

e Observation Well. An observation well, consisting of a well-anchored, perforated 4 to 6 inch (diameter) PVC
pipe that extends vertically to the bottom of the reservoir layer, should be installed at the downstream end of
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all large-scale permeable pavement systems. The observation well should be fitted with a lockable cap installed
flush with the ground surface (or under the pavers) to facilitate periodic inspection and maintenance. The
observation well is used to observe the rate of drawdown within the reservoir layer following a storm event.

e Overhead Landscaping. Check the area of parking lots required to be in landscaping. Large-scale permeable
pavement applications should be carefully planned to integrate this landscaping in a manner that maximizes
runoff treatment and minimizes the risk that sediment, mulch, grass clippings, leaves, nuts, and fruits will
inadvertently clog the paving surface.

SECTION 7: Material Specifications

Permeable pavement material specifications vary according to the specific pavement product selected. Table 3.4
describes general material specifications for the component structures installed beneath the permeable pavement.
Table 3.5 provides specifications for general categories of permeable pavements. Designers should consult
manufacturer’s technical specifications for specific criteria and guidance.

Table 3.4. Material Specifications for Underneath the Pavement Surface
Material Specification Notes

Pervious Concrete: None

Interlocking Pavers: 2 in. depth of
No. 8 stone over 3 to 4 inches
of No. 57

ASTM D448 size No. 8 stone (e.g. 3/8 to 3/16 inch
in size). Should be double-washed and clean and
free of all fines.

Bedding Layer

ASTM D448 size No. 57 stone (e.g. 1 1/2 to 1/2

Pervi : No. No. 2 . . . .
ervious Concrete: No. 57 or No inch in size); No. 2 Stone (e.g. 3 inch to 3/4 inch

. stone . . .
Reservoir Layer . in size). Depth is based on the pavement
Interlocking Pavers: No. 57 or No. 2 . .
e structural and hydraulic requirements. Should be

double-washed and clean and free of all fines.
Use 4 to 6 inch diameter perforated HDPE or PVC (AASHTO M 252) pipe, with 3/8-inch
perforations at 6 inches on center; each underdrain installed at a minimum 0.5% slope
located 20 feet or less from the next pipe (or equivalent corrugated HDPE may be used for
Underdrain smaller load-bearing applications). Perforated pipe installed for the full length of the
permeable pavement cell, and non-perforated pipe, as needed, is used to connect with the
storm drain system. T’s and Y’s installed as needed, depending on the underdrain
configuration. Extend cleanout pipes to the surface with vented caps at the Ts and Ys.

The underlying native soils should be
separated from the stone reservoir by
a thin, 2 to 4 inch layer of choker stone
(e.g. No. 8) covered by a 6 to 8 inch

The sand should be placed between the stone
reservoir and the choker stone, which should be

Either Filter Layer or
(See Filter Fabric

below) bt 6 eesiee i) (B A5 G E6. placed on top of the underlying native soils.
0.02-0.04 inch).
Use a needled, non-woven, polypropylene geotextile with Grab Tensile Strength equal to or
greater than 120 Ibs (ASTM D4632), with a Mullen Burst Strength equal to or greater than
Filter Fabric 225 lbs./sq. in. (ASTM D3786), with a Flow Rate greater than 125 gpm/sq. ft. (ASTM D4491),
(optional) and an Apparent Opening Size (AOS) equivalent to a US # 70 or # 80 sieve (ASTM D4751).

The geotextile AOS selection is based on the percent passing the No. 200 sieve in “A” Soll
subgrade, using FHWA or AASHTO selection criteria.

Impermeable Use a thirty mil (minimum) PVC Geomembrane liner covered by 8 to 12 0z./sq. yd.2 non-
Liner (if needed) | woven geotextile.

Use a perforated 4 to 6 inch vertical PVC pipe (AASHTO M 252) with a lockable cap, installed
flush with the surface.

Observation Well
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SECTION 8: SPECIAL CASE DESIGN ADAPTATIONS

The design adaptation described below permits permeable pavement to be used on a wider range of sites.

Table 3.5. Different Permeable Pavement Specifications

Material Specification Notes
Surface open area: 5% to 15%.
Thickness: 3.125 inches for vehicles.
Compressive strength: 55 Mpa (~8000
psi). Open void fill media: aggregate
Open void content: 20% to 50%.

Permeable
Interlocking
Concrete Pavers

Must conform to ASTM C936 specifications.
Reservoir layer required to support the
structural load.

. Thickness: 3.5 inches. Must conform to ASTM C 1319 specifications.
Concrete Grid . ) - . . .
Compressive strength: 35 Mpa(~5000 psi). | Reservoir layer required to support the
Pavers s ) .
Open void fill media: aggregate, topsoil structural load.

and grass, coarse sand.

Void content: depends on fill material.
Compressive strength: varies,
depending on fill material.

Plastic Reinforced Reservoir layer required to support the

LRI Open void fill media: aggregate, topsoil SHEee
and grass, coarse sand.
Void content: 15% to 25 %.
Thickness: typically 4 to 8 inches. May not require a reservoir layer to support
Pervious Concrete | compressive strength: 2.8 to 28 Mpa. the structural load, but a layer may be
Open void fill media: None included to increase the storage or infiltration.

However, it is important not to force this practice onto marginal sites. Other runoff reduction practices are often
preferred alternatives for difficult sites.

8.1 Shallow Bedrock

Underdrains must be used in locations in which bedrock is encountered less than 2 feet beneath the planned invert
of the reservoir layer.

SECTION 9: CONSTRUCTION

Experience has shown that proper installation is absolutely critical to the effective operation of a permeable
pavement system.

9.1 Necessary Erosion & Sediment Controls

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

Permeable pavement areas should remain outside the limit of disturbance during construction to prevent soil
compaction by heavy equipment. Permeable pavement areas should be clearly marked on all construction
documents and grading plans. To prevent soil compaction, heavy vehicular and foot traffic should be kept out
of permeable pavement areas during and immediately after construction.

During construction, care should be taken to avoid tracking sediments onto any permeable pavement surface
to avoid clogging.

Any area of the site intended ultimately to be a permeable pavement area should generally not be used as the
site of a temporary sediment basin.

Where locating a sediment basin on an area intended for permeable pavement is unavoidable, the invert of the

13



ACTIVITY: Permeable Pavement GIP-03

sediment basin must be a minimum of 2 feet above the final design elevation of the bottom of the aggregate
reservoir course.

e All sediment deposits in the excavated area should be carefully removed prior to installing the subbase, base
and surface materials

9.2 Permeable Pavement Construction Sequence

The following is a typical construction sequence to propetly install permeable pavement:

Step 1. Construction of the permeable pavement shall only begin after the entire contributing drainage area 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. As noted above, temporary EPSC measures 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 excavation process. The proposed permeable
pavement area must be kept free from sediment during the entire construction process. Construction materials that
are contaminated by sediments must be removed and replaced with clean materials.

Step 3. Where possible, excavators or backhoes should work from the sides to excavate the reservoir layer to its
appropriate design depth and dimensions. For micro-scale and small-scale 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 1000 sq. ft. temporary cells with a 10 to 15 foot earth bridge
in between, so that 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. The native soils along the bottom and sides 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 filter fabric. In large scale paving
applications with weak soils, the soil subgrade may need to be compacted to 95% of the Standard Proctor Density
to achieve the desired load-bearing capacity. (NOTE: This effectively eliminates the infiltration function of the
installation, and it must be addressed during hydrologic design.)

Step 5. 1f filter fabric is to be installed on the bottom and the sides of the reservoir layer, the strips should ovetlap
down-slope by a minimum of 2 feet, and be secured a minimum of 4 feet beyond the edge of the excavation.
Where the filter layer extends beyond the edge of the pavement (to convey runoff to the reservoir layer), install an
additional layer of filter fabric 1 foot below the surface to prevent sediments from entering into the reservoir layer.
Excess filter fabric should not be trimmed until the site is fully stabilized.

Step 6. Provide a minimum of 