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12 Bioretention

Description
Bioretention is the use of plants and soils for removal of pollutants from stormwater runoff via
adsorption, filtration, sedimentation, volatilization, ion exchange, and biological decomposition.
In addition, bioretention provides landscaping and habitat enhancement benefits.

Regulatory Credits Feasibility Considerations
Pollu tant Removal

85% Total Suspended Solids High Land Requirement
35% Total Nitrogen Med-High Cost of Construction
45% Total Phosphorus Med-High Maintenance Burden

Water Quantity Small Treatable Basin Size

yes Peak Runoff Attenuation Med Possible Site Constraints

possible Runoff Volume Reduction Med-High Community Acceptance

Advantages Disadvantages
- Efficient removal method for suspended - Surface soil layer may clog over time

solids, heavy metals, adsorbed pollutants, (though it can be restored).
nitrogen, phosphorus, pathogens, and - Frequent trash removal may be required,
temperature. especially in high traffic areas.

- If providing infiltration in appropriate soil - Vigilance in protecting the bioretention
conditions it can effectively reduce peak area during construction is essential.
runoff rates for relatively frequent storms, - Single unit can only serve a small
reduce runoff volumes, and recharge drainage area.
groundwater. - Requires frequent maintenance of plant

- Flexible adaptation to urban retrofits. material and mulch layer.
- Individual units are well suited for use in

small areas, and multiple, distributed units
can provide treatment in large drainage
areas.

- Natural integration into landscaping for
urban landscape enhancement.
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Major Design Elements

Required by the NC Administrative Rules of the Environmental Management
Commission. Other specifications may be necessary to meet the stated pollutant removal
requirements.

1 Sizing shall take into account all runoff at ultimate build-out including off-site

drainage.

2 Side slopes stabilized with vegetation shall be no steeper than 3:1.

3 BMP shall be located in a recorded drainage easement with a recorded access
easement to a public right of way (ROW).

Volume in excess of the design volume, as determined from the design storm, shall
bypass the bioretention cell.

Volume in excess of the design volume, as determined from the design storm, shall be
5 evenly distributed across a minimum 30 feet long vegetated filter strip. (A 50-ft filter

is required in some locations.) If this can not be attained, alternate designs will be
considered on a case by case basis.

Bioretention facilities shall not be used where the seasonally high water table less than
2 feet below bottom of BMP.

7 Media permeability of 0.52-6"per hour is required, 1-2 in per hour is preferred.

8 The design shall be located a minimum of 30 feet from surface waters, and 50 feet from
Class SA waters.

9 IThe design shall be located a minimum of 100 feet from water supply wells.

Required by DWQ policy. These are based on available research, and represent what
DWQ considers necessary to achieve the stated removal efficiencies.

Bioretention facilities shall not be used where slopes greater than 20%, or in non-
permanently stabilized drainage areas.

11 Inflow must be sheet flow (1 ft/sec) or utilize energy dissipating devices.

12 Ponding depth shall be 12 inches or less. Nine inches is preferred.

13 Media depth shall be specified for the vegetation used. For grassed cells, use 2 feet
minimum. For shrubs or trees use 3 feet minimum.

14 The geometry of the cell shall be such that no dimension is less than 10 feet (width,

length, or radius).

15 Media should be specified as listed in this section.

The phosphorus index (P-index) for the soil must be low, between 10 and 30. This is
16 enough phosphorus to support plant growth without exporting phosphorus from the

cell.

Ponded water shall completely drain into the soil within 12 hours. It shall drain to a
level of 24 inches below the soil surface in a maximum of 48 hours.
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An underdrain shall be typically installed if in-situ soil drainage is less than 2 in/hr or
if there is in situ loamy soil (-12% or more of fines). This is usually the case for soil
tighter than sandy loam or if there has been significant soil compaction from
construction.

19 Clean-out pipes must be provided if underdrains are required.

12.1. General Characteristics and Purpose

A bioretention cell consists of a depression in the ground filled with a soil media
mixture that supports various types of water-tolerant vegetation. The surface of the BMP
is depressed in bioretention facilities to allow for ponding of runoff that filters through
the BMP media. Water exits the bioretention area via exfiltration into the surrounding
soil, flow out an underdrain, and evapotranspiration. The surface of the cell is protected
from weeds, mechanical erosion, and desiccation by a layer of mulch. Bioretention is an
efficient method for removing a wide variety of pollutants, such as suspended solids,
heavy metals, nutrients, pathogens, and temperature (NC Cooperative Extension, 2006).
Bioretention areas provide some nutrient uptake in addition to physical filtration. If
located at a site with appropriate soil conditions to provide infiltration, bioretention can
also be effective in reducing peak runoff rates, reducing runoff volumes, and recharging
groundwater.

Many development projects present a challenge to the designer of conventional
stormwater BMPs because of physical site constraints. Bioretention areas are intended to
address the spatial constraints that can be found in densely developed urban areas
where the drainage areas are highly impervious (see Figure 12-1). They can be used on
small urban sites that would not normally support the hydrology of a wet detention
pond and where the soils would not allow for an infiltration device. Median strips,
ramp loops, traffic circles, and parking lot islands are good examples of typical locations
for bioretention areas. See Section 12.3.1 for more illustrated examples of the versatility
of bioretention facilities.

Bioretention units are ideal for distributing several units throughout a site to provide
treatment of larger areas. Developments that incorporate this decentralized approach to
stormwater management can achieve savings by: eliminating stormwater management
ponds; reducing pipes, inlet structures, curbs and gutters; and having less grading and
clearing. Depending on the type of development and site constraints, the costs for using
decentralized bioretention stormwater management methods can be reduced by 10 to
25 percent compared to stormwater and site development using other BMPs (Coffman et
al., 1998).

Bioretention facilities are generally most effective if they receive runoff as close as
possible to the source. Reasons for this include: minimizing the concentration of flow to
reduce entry velocity; reducing the need for inlets, pipes, and downstream controls; and
allowing for blending of the facilities with the site (e.g., parking median facilities). For
sites where infiltration is being utilized, it also avoids excessive groundwater mounding.
Where bioretention takes the place of required green space, the landscaping expenses
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that would be required in the absence of bioretention should be subtracted when
determining the actual cost (Low Impact Development Center, 2003). Bioretention cells
may also address landscaping/green space requirements of some local governments
(Wossink and Hunt, 2003).

Figure 12-1
Bioretention in Parking Lot Island

12.2. Meeting Regulatory Requirements

To obtain a permit to construct a bioretention cell in North Carolina, the bioretention cell
must meet all of the Requirements specified in the Major Design Elements located at the
beginning of this Section.

Pollutant Removal Calculations
The pollutant removal calculations for bioretention facilities are as described in Section
3.4, and use the pollutant removal rates provided in Table 4-2 in Section 4.0.
Construction of a bioretention cell also passively lowers nutrient loading since it is
counted as pervious surface when calculating nutrient loading.

Volume Control Calculations
A bioretention cell can sometimes be designed with enough storage to provide active
storage control (calculations for which are provided in Section 3.4), however, some may
not have enough water storage to meet the volume control requirements of the
particular stormwater program (since its storage potential is limited because the
ponding depth is limited) so they may need to be used in series with another BMP with
volume control capabilities. All bioretention facilities provide some passive volume
control capabilities by providing pervious surface and therefore reducing the total
runoff volume to be controlled.
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12.3. Design

Design is an eight-step process:
1. Understand basic layout concepts.
2. Determine the volume of water to treat.
3. Determine the surface area required.
4. Select the soil media type.
5. Decide the depth of soil media.
6. Size the underdrain pipes (if necessary).
7. Select the appropriate overflow bypass.
8. Select plants and mulch.

12.3.1. Step 1: Understand Basic Layout Concepts

The layout of bioretention areas varies according to individual sites and to specific site
constraints such as underlying soils, existing vegetation, drainage, location of utilities,
sight distances for traffic, aesthetics, ease of maintenance, etc.

Figure 12-1 illustrates a concept for a bioretention traffic island. These types of
bioretention facilities typically take up no more space than what is required by typical
zoning rules, and they provide stormwater treatment as well as site aesthetics. The
following photographs are examples of existing bioretention cells that have been
designed using these techniques. These cells blend into the landscape and appear to be
typical flowerbeds or medians. Often, bioretention cells can be designed with flowering
plants to enhance the landscape.

Examples of Previously Installed Bioretention Cells
Figure 12-2a shows an 8-inch gravel strip followed by 5 feet of grass for pretreatment
along the side that receives water from the jogging trail. This is an example of both
gravel strip pre-treatment design as well as when to maintain the gravel strip. This strip
has become over-grown with grass and has been clogged with sediment. The mulch has
also become thin, and should be replaced.
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Figure 12-2a
Bioretention Cell with Pretreatment: Gravel and Grass (Needs Maintenance)

Figure 12-2b shows a bioretention cell with a pretreatment forebay. Notice the sediment
that has settled onto the rocks. Without the forebay, this sediment would have collected
on the top of the bioretention cell, clogged the soil media, and would have become a
maintenance burden.

Figure 12-2b
Bioretention Cell with Pretreatment: Forebay
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Examples of Additional Design Options

Use of Flow Splitters
Bioretention units can be designed using a flow splitter so that only a portion of the
stormwater flow is directed into the cell. An example of this design is provided in Figure
12-3a. Please see Section 5.0 Common BMP Design Elements for more information on
flow splitting devices.

Figure 12-3a
Typical Bioretention Cell Using a Flow Splitting Device
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Use of Overflow Devices
Bioretention units can be designed using an overflow device so that water in excess of

the treatment volume overflows to a filter strip. An example of this design is provided in
Figure 12-3b. Please see Section 5.0 Common BMP Design Elements for more
information on flow splitting devices.

Figure 12-3b
Typical Bioretention Cell Using an Overflow Device

Overflow Structure: Water in excess
- Filter Strip of the treatment volhnie will overflow to filter strip.
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Water firom Double or Piei

drainage area Triple Shredded Pipe

Hardwood Mulch

Parking Lot Diversion Method
A bioretention area that can be installed along the perimeter of a parking lot is shown in
Figure 12-3c. The water is diverted to the bioretention area through the use of a curb
diversion structure (see Section 5.0 Common BMP Design Elements for details). A
2-foot buffer between the curb and the bioretention area serves as pretreatment and
reduces the possibility of drainage seeping under the pavement section and creating "frost
heave" during winter months. Flow diversion by curb diversion structures may not meet
the volume attainment requirements.

A berm one foot in height separates the swale from the bioretention area. The
bioretention area should be at an elevation such that when the design ponding depth is
reached, additional flow continues down the swale and is diverted from the bioretention
cell. The flow diversion method shown is for conceptual purposes and may not meet
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the volume attainment requirements. As for all bioretention designs, the diversion
method must meet all of the Major Design Elements.

Figure 12-3c
Parking Edge and Perimeter with Curb

Prince George's County (2000a)

Bioretention Cells on Steep Slopes
Figure 12-3d depicts a bioretention terrace that can be used in sloping terrain (for 10-20%
slopes). An impermeable or very low permeability geomembrane must be used against
the gabions or similar retaining structure to prevent flow from leaving the treatment
unit through that surface. An underdrain could be placed at the low point of the filter if
the native soil that the unit is built against will not provide adequate infiltration
capacity.

Figure 12-3d
Bioretention Terrace Suitable for Use on Slopes 10-20%
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Pretreatment Options
Inflow must enter a bioretention cell via sheet flow (lft/sec) or alternative energy
dissipating devices must be used. Sheet flow provides for the most even distribution of
flow and the least energy (minimizing erosion). Sheet flow can be naturally provided as
in the case of a gently sloping parking lot with no curb and gutter or a vegetated
buffer/filter strip, or it can be designed into the device by the use of a level spreader. In
some instances sheet flow is not attainable and the inflow will enter from concentrated
sources such as curb diversion structures, drainage pipes, grassy swales, etc. In these
cases a rip rap lined entrance, a forebay, or other energy-dissipating device must be
used.

The water treatment volume shall be calculated as specified in Section 3. The cell must
be designed to have a pretreatment area. The most commonly used pretreatment devices
are:

1.) A grass and gravel combination: This should consist of 8 inches of gravel
followed by 3 to 5 feet of sod. In eastern and central North Carolina, centipede
has been used successfully. In the mountains, fescue and bluegrass are
appropriate.

2.) A grassed water quality swale: A water quality swale shall be designed as
specified in Chapter 14.

3.) A forebay: The forebay should be 18-30 inches deep, and used only in areas
where standing water is not considered a safety concern. The forebay should be
deepest where water enters, and more shallow where water exits in order to
dissipate hydraulic energy of the water flowing to the forebay. If there is a risk
that water in the forebay could flow into the underdrain without first flowing to
the cell, the forebay should also be lined.

Maintenance Considerations
When performing the following remaining steps of designing a bioretention cell,
consider how landscape professionals will later access the site for maintenance. Because
the soil must be able to accommodate fast water infiltration, it can not be compacted by
heavy equipment. Is the forebay accessible for heavy equipment to remove sediment
from it without driving onto the cell? Are the clean-out pipes accessible? All aspects of
design should consider future maintenance.

12.3.2. Step 2: Determine the Volume of Water to Treat

Water Volume
An individual bioretention cell is intended to treat the first flush. Section 3, Stormwater
Calculations, details the volumetric calculation.

Siting Issues
Bioretention facilities shall not be used in areas with the following characteristics:

- The seasonal high water table is less than 2 feet below the bottom of the Cell.
- Slopes are 20 percent or greater, unless bioretention terraces are planned.
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- Further construction is planned on either the immediately surrounding site
or in outparcels that may drain to the bioretention site. (The upstream
contributing drainage area must be completely and permanently stabilized
(e.g. gravel base course driving surface (preferably paved), or a dense and
vigorous vegetative cover). The heavy sediment load from a bare earth
construction site will cause premature failure of a bioretention BMP.)

- The cell is inaccessible for maintenance.
- The cell will not comply with local landscape ordinances.

Contributing Drainage Basin
Consider the affect of large storms on potential erosion within the cell as well as potential
overflow and downhill erosion upon water leaving the cell. The contributing area to an
individual bioretention cell will typically be 5 acres or less because many large
watersheds will not have an area that is large enough to serve the treatment volume while
also being high enough above the water table.

12.3.3. Step 3: Determine the Surface Area and Depth Required

The cell can be designed to hold the first inch of rainfall from the entire drainage area.
The required surface area of the bioretention cell is equal to the required treatment
volume divided by the ponding depth. No dimension (width, length, or radius) can be
less than 10 feet. This is to provide sufficient space for plants.

12.3.4. Step 4: Select the Soil Media Type.

The soil mix should be uniform and free of stones, stumps, roots or other similar
material greater than 2 inches. It should be a homogenous soil mix of 85-88 percent by
weight sand (USDA Soil Textural Classification), 8 to 12 percent fines (silt and clay), and
3 to 5 percent organic matter (such as peat moss) shall be used. Higher (12 percent) fines
content should be reserved for areas where TN is the target pollutant. In areas where
phosphorus is the target pollutant, lower (8 percent) fines should be used. Additionally,
the phosphorus content of the soil mix should be low. Soil media should be sent to NC
Department of Agriculture [NCDA] labs to be analyzed. The P-Index for bioretention
soil media should always range between 10 and 30, regardless of the target pollutant
(Hardy et. al., 2003 and Hunt et. al., 2006). The P-Index is an extremely important design
element. Cells that are constructed of high P-Index soils can export phosphorus.

The media should be tested to determine an actual drainage rate after placement. The
permeability should fall between 0.52 and 6 inches per hour, and 1-2 inches per hour is
preferred. As a rule of thumb, using the above-specified media, the infiltration rates
should be approximately 2 in/hr and 1 in/hr for 8% and 12% fines, respectively,
depending on the target pollutant. An estimated drainage rate for percent fines between
8 and 12 can be approximated during design by linear interpolation. If TSS or pathogens
is the target pollutant, the higher permeability can be used because these two pollutants
are removed on the surface of the bioretention cell rather than within the cell.
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12.3.5. Step 5: Determine the Soil Media Depth

Consider the target pollutants when determining media depth. TSS is removed in pre-
treatment and some is removed on the surface of the cell itself. Depth, therefore, is not a
factor if TSS is the only target pollutant. Similarly, pathogens such as fecal coliform
settle on the surface of the cell, and once the cell has dried, the pathogens are killed by
sunlight. However, depth is an issue for other pollutants. Metals are removed in the
first 1-2 inches of mulch. Also, two thirds of the phosphorus entering the cell is attached
to soil particles. This portion is therefore removed on the surface. However, the
remaining third is soluble and is removed 12 inches or more below the surface.
Nitrogen is removed 30 inches below the surface. Initial research at NC State shows that
using an up-turned underdrain pipe may increase nitrogen removal. The up-turned
piped creates an anaerobic zone that may facilitate nitrogen removal. In the future, the
Division may consider the effect of this technology on nitrogen credit, though it is not
available at this time. Temperature is removed at approximately 48 inches below the
surface. Consider the types of pollutants to be removed, and select an appropriate
media depth.

The ponding depth above the media shall be 12 inches or less (9 inches or less is
recommended). This is based on both the typical inundation tolerance of the vegetation
used in bioretention facilities, as well as the ability of the ponded water to drain into the
soil within the required time.

The depth of the media in a bioretention cell should be between 2 and 4 feet. This range
reflects the fact that most of the pollutant removal occurs within the first 2 feet of soil and
that excavations deeper than 4 feet become more expensive. The depth should
accommodate the vegetation (shrubs or trees). If the minimum depth of 2 feet is used,
then only shallow-rooted plants can be planted. Grassed bioretention cells can be as
shallow as 2 feet. However, if nitrogen is the target pollutant then the cell should have at
least 30 inches of media because, as previously discussed, nitrogen is removed 30 inches
below the surface. Bioretention facilities where shrubs or trees are planted can be as
shallow as 3 feet. If large trees are to be planted in deep fill media, care should be taken
to ensure that they would be stable and not fall over. If underdrain piping is used (which
is only for cases where the infiltration rate is less than 2 inihr), then the media is as
shown in Figure 12-5. This figure shows a cross-sectional design. The gravel and grass
pretreatment option is presented in this figure because it is the most commonly used
pretreatment in North Carolina. This design is for a bioretention cell in a non-
developing area. Bioretention cells should only be used in non-developing areas. If
there is any concern that the surrounding area may be developed in the future, then
consider using an alternate BMP. If this is only a nominal concern, then use 2 inches of
#8 or #89 washed choking stone in place of the filter fabric shown in Figure 12-4. For
further information on designing bioretention cells with choking stone layers, consult
Hunt and Lord, 2006. If an underdrain system is not used, then the cross-section will be
the same though the underdrain is omitted. Figure 12-5 is shown using the gravel and
grass pretreatment option, though it could be modified to use any of the pretreatment
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methods. This figure also shows an overflow structure. Typically, an overflow structure
is adapted from an existing drainage culvert inlet.

The vertical sides of the bioretention cell do not have to be at a specified angle.
However, the surface area of the bottom of the cell should be maximized.

Figure 12-4
Bioretention Conceptual Layout: Cross-Section (Vegetation Shall Also be Included.)

/ 8" Gravel
Capped

Clean Out

Pip e

Sediment Accumulation
There should be very little sediment accumulation, if any, in a bioretention cell, since the
upstream drainage basin must be stabilized prior to bringing the bioretention cell into
service, and since pretreatment is required prior to the BMP.

Drainage Considerations
The duration of ponding shall be a maximum of 12 hours. The ponded water must
drain to a level 24 inches below the surface of the cell within a maximum of 48 hours in
order to allow the appropriate contact time for pollutant removal. This is requirement is
demonstrated in Figure 12-5. The length of time that it takes to drain the ponding
volume of a bioretention cell is either controlled by the infiltration rate of the media if it
has an underdrain, or it is controlled by the lesser of either the infiltration rate of the
media or the infiltration rate of the native soil if it is an infiltration type system. The
time to drain the ponded volume is simply the depth of the ponding in inches, divided
by the limiting drainage rate. Bioretention areas do not effectively remove nitrate.
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Where nitrate is a concern, the underdrain can be elevated from the bioretention cell and
within the gravel blanket to create a fluctuating anaerobic/aerobic zone below the drain
pipe. Denitrification within the anaerobic zone is facilitated by microbes using forms of
nitrogen (NO2 and NO 3) instead of oxygen for respiration. Adding a suitable carbon
source (e.g., wood chips) to the gravel layer provides a nutrition source for the microbes,
enables anaerobic respiration, and can enhance the denitrification process (Kim,
Seagren, and Davis, 2003).

Figure 12-5
Bioretention Drain Time

2-4" Mulch
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12.3.6. Step 6: Size the Underdrains (if required)

Section 5.7 discussed specific underdrain sizing requirements. The need for an
underdrain is driven by the permeability of the in-situ soil. If the in-situ soil has a high
permeability, the system can be designed as an infiltration type bioretention facility and
does not require any underdrain. If the in-situ soil permeability is less than 2 in/hour
the bioretention facility will likely have an underdrain system. If the in-situ soil drains
more slowly than the planting media, then designers should explain how the water
would drain from the media. Underdrains will likely be installed. In general,
bioretention BMPs in the Piedmont region of North Carolina will require underdrains.
The underdrain system will connect to another BMP or to the conveyance system. Due
to the risk of underdrain clogging, designers are encouraged to install more than one
underdrain of smaller diameter in order to facilitate drainage. The minimum diameter
of pipe for underdrain systems is four inches. As previously discussed, an up-turned
elbow may be used for the entrance to the underdrain. Initial research shows that this
may increase nutrient removal.

Clean-out pipes must be provided (minimum one per every 1,000 square feet of surface
area). Clean out pipes must be capped. An example of a clean out pipe is provided in
Figure 12-6.

Figure 12-6
Bioretention Cell Clean Out Pipe

12.3.7. Step 7: Select the Appropriate Overflow Structure

The overflow structure should be sized to accommodate storm volumes in excess of the
first flush. The first available outlet on the outlet structure should therefore be placed at
the height of the first flush, which is the ponded level of the bioretention cell. Use the
weir equation to consider the height of the water above the weir during overflow from
large storm events. Typically, water can rise about 2 inches above the ponded water
level. But, this height can be higher, about 4-6" above the ponded water level, if
required by design restraints. A particular design storm is not specified for overflow
structure design. Professional judgment should be used when considering potential
flooding risks outside of the bioretention cell.
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12.3.8. Step 8: Select Plants and Mulch

Plants are an integral element of the bioretention system's pollutant removal and water
filtration process. Plant roots aid in the physical and chemical bonding of soil particles
necessary to form stable aggregates, improve soil structure, and increase infiltration
capacity. Vegetated soils are more capable of more effective degradation, removal, and
mineralization of total petroleum hydrocarbons (TPHs), polycyclic aromatic
hydrocarbons (PAHs), pesticides, chlorinated solvents, and surfactants than are non-
vegetated soils (US EPA 2000).

The primary design considerations for plant selection include:
1. Soil moisture conditions: Soil moisture conditions will vary widely within the

bioretention facility from saturated (bottom of cell) to relatively dry (rim of cell)
as well as over time. Therefore, the predominant plant material utilized should
be facultative species adapted to stresses associated with both wet and dry
conditions (Prince Georges County, 2002).

2. Pollutant loadings: Since bioretention is often specified for use in impaired
and/or nutrient sensitive watersheds, strategic use of particular plants for
phytoremediation purposes is crucial. Plants should tolerate typical pollutants
and loadings from the surrounding land uses.

3. Above and belowground infrastructure in and near the bioretention facility: Plant
selection should consider the surrounding conditions including: light pollution
tolerance, wind, above and below ground utilities. Slotted or perforated pipe
should be more than 5 feet away from tree locations. Plants with taproots should
not be used.

4. Adjacent plant communities and potential invasive species control.
5. Site distances and setbacks for roadway applications.
6. Visual buffering: Plants can be used to buffer structures from roads, enhance

privacy among residences, and provide an aesthetic amenity for the site.
7. Aesthetics: Visually pleasing plant designs add to the property and encourage

community and homeowner acceptance. Public education and participation in
the plant selection and design should be encouraged to promote greater
involvement in long-term care.

Planting design will vary with the surrounding landscape context and design objectives.
For example, the use of plants in bioretention areas could replicate a variety of native
terrestrial ecosystems including forests, ornamental gardens, meadows, hedgerows, and
wetlands, as well as wildlife habitats.

A minimum of three (3) trees, three (3) shrubs, and three (3) herbaceous groundcover
species should be incorporated in the bioretention planting plan unless it is a grassed
cell. A diverse plant community is necessary to avoid susceptibility to insects and
disease. A recommended planting density is provided in Table 12-1.
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Table 12-1
Bioretention Cell Planting De sity

Tree Spacing Shrub Spacing Total Density
(ftMi (ft) (stems/acre)

Maximum 19 12 400
Average 12 8 1,000
Minimum 11 7 1,250

The plants selected should be able to tolerate typical stormwater pollutant loads,
variable (often very dry) soil moisture, temporary submergence, and extended wet
conditions. Bioretention facilities in the Piedmont and mountains tend to become wetter
over time; coastal bioretention facilities tend to be very dry (plants suitable for
xeriscapes may be more appropriate).

Plants suitable for North Carolina BMP sites are listed in Table 12-2.

Landscape design can add aesthetic appeal to stormwater treatment as shown in Figures
12-7a and 12-7b.

Figure 12-7a
Aesthetic Appeal, Street Side Project (Courtesy of Stuart Patton Echols, Pennsylvania

State University)
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Figure 12-7b
Aesthetic Appeal, Courtyard Project (Courtesy of Stuart Patton Echols, Pennsylvania

State University)

To increase survival rates and ensure quality of plant materials, the following general
guidelines for plantings within bioretention facilities are recommended:

- All plant material should conform to the standards of the current edition of
American Standard for Nursery Stock as approved by the American
Standards Institute, Inc. All plant grades shall be those established by the
current edition of American Standards for Nursery Stock
[http://www.anla.org/applications/Documents/Docs/ANLAStandard2004
.pdf].

- All plant materials should have normal, well-developed branches and
vigorous root systems, and be free from physical defects, plant diseases, and
insect pests.

- All plant materials should be tagged for identification when delivered.

- Optimum planting time is fall. Winter planting is acceptable (will vary for
western Piedmont and mountains of NC). Spring is acceptable but will
require more summer watering than fall planting. Summer planting is the
least desirable as it drastically increases plant mortality and requires regular
watering immediately following installation.

Plant size should be no less than 2.5" dbh for trees; 3-gallon for shrubs; and 1-quart for
herbaceous plants.

- Woody vegetation should not be planted at inflow locations.

Local jurisdictions often have specific guidelines for the types and location of trees and
other landscape plants planted along public streets or rights-of-way. Additionally, local
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landscape ordinances must be followed. Contact local authorities to determine if there
are guidelines or restrictions to consider when making plant selections for your project.

The mulch layer plays an important function in the performance of the bioretention
system by: reducing weed establishment; regulating soil temperatures and moisture;
reducing soil compaction from rainfall, preventing erosion, and promote an
environment suitable for soil microorganisms at the mulch/ soil interface (important for
filtering nutrients and other pollutants). Mulches prevent soil and possible fungi from
splashing on the foliage, reducing the likelihood of soil-borne diseases (Evans, 2000).
Mulch serves as a pretreatment layer by trapping the finer sediments that remain
suspended after the primary pretreatment. Additionally, most attenuation of heavy
metals in bioretention facilities occurs in the first 1-2 inches of the mulch layer (Hinman,
2005). Mulch should be:

- Free of weed seeds, soil, roots, and other material that is not bole or branch
wood or bark.

- Commercially available double or triple-shredded hardwood mulch should
be used. This mulch has been found to be less likely to wash away than other
forms of mulch.

- Mulch depths depend on the type of material used and the drainage and
moisture holding -capacity of the soil. A 2-4 inch layer (after settling) is
adequate for most applications. Excessive application of mulch can result in
a situation where the plants are growing in the mulch and not the soil. Over-
mulched plants are easily damaged during periods of drought stress.
Mulching in an area that is poorly-drained can aggravate the condition
(Evans, 2000).

- Mulch can be applied any time of year, however, the best time to mulch is
late spring after the soil has warmed.

- At least 6 months old (12 months is ideal).
- Uniformly placed about 3 inches deep.
- Renewed as needed to maintain a 2-4" depth; on previously mulched areas,

apply a one-inch layer of new material. Added 1-2 times per year and
completely removed/replaced once every two years.
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Table 12-2

BIORETENTION PLANTS-TREES

SPECIES /

COMMON NAME EXPOSURE
Sun

Acer negundo

Boxelder

Acer rubrum

Red Maple

;un

HEIGHT/

SPREAD

35-50 ft.

35-50 ft.

75-100 ft.

50-75 ft.

COMMENTS

Western piedmont-mountains. Urban light

sensitive; wet to droughty soils.

Piedmont-Mountains. Urban light & salt

sensitive; many good cultivars.

iun/part shade

Amalanchier canadensis Sun 35-50 ft. Entire state. Salt resistant; moist to

Shadberry/Serviceberry 35-50 ft. average soils; high wildlife value

Betula nigra Sun 50-75 ft. Entire state. Drought & heat resistant

River Birch 50-75 ft.

Cercis canadensis Sun/part shade 20-35 ft. Entire state. Moist soils but not too wet;

Eastern Redbud 20-35 ft. Drought tolerant; many good cultivars.

Chionanthus virginicus Sun or shade 20-35 ft. Entire state. Moist soils; excellent small

Fringetree 20-35 ft. urban tree

Comus alterniflora Sun or shade 20-35 ft. Western NC. Prefers moist soils;

Pagoda Dogwood 20-35 ft. intermediate flood tolerance

Fraxinus americana Sun or shade 75-100 ft. Entire state. Moist to average soils; urban

White Ash 50-75 ft. light resistant

Fraxinus pennsylvanica Sun 50-75 ft. Entire state. Moist to average soils; light

Green Ash 35-50 ft. & drought resistant

Pinus palustris Sun 75-100 ft Eastern piedmont-Coast.

Longleaf pine 25-35 ft. Wet to average soils; drought resistant.
Pinus taeda Sun 75-100 ft. Entire state. Wet to average soils; drought

Loblolly pine 25-35 ft. resistant

Platanus occidentalis Sun/part shade 75-100 ft. Entire state. Wet to average soils; drought

American Sycamore 75-100 ft. resistant

Populus deltoides Sun 75-100 ft. Entire state. Wet to average soils; drought

Eastern Poplar 75-100 ft. and salt resistant

Quercus bicolor Sun or shade 75-100 ft. Entire state. Wet to moist soils; drought

Swamp White Oak 50-75 ft. & salt resistant

Quercus phellos Sun 50-75 ft. Entire state. Wet soils; drought & salt

Willow Oak ,50-75 ft. resistant

Rhododendron maximum Sun/Shade 25-35 ft. Western piedmont/mountains; poor to well-

Rosebay Rhododendron 20-35 ft. drained soils; flood tolerant; salt sensitive
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BIORETENTION PLANTS-TREES

SPECIES /

COMMON NAME

Taxodium distichum

Bald cypress

Ulmus americana

American Elm

Viburnum prunifolium

Blackhaw Viburnum

EXPOSURE

Sun

Sun/part shade

HEIGHT/

SPREAD

50-75 ft.

20-35 ft.

75-100 ft.

75-100 ft.

20-35 ft.

20-35 ft.

COMMENTS

Piedmont to Coast; wet-moist soils.

drought resistant; not salt tolerant

Entire state. Moist to dry soils; drought

resistant

Piedmont-Western NC; average to droughty

soils; lighting resistant

Sun

Vibumum rufidulum Sun 20-35 ft. Piedmont-Eastern NC; average to droughty

Rusty Blackhaw Viburnum 20-35 ft. soils

BIORETENTION PLANTS-SHRUBS

SPECIES / HEIGHT/

COMMON NAME EXPOSURE SPREAD COMMENTS

Aesculus parviflora Sun/Shade 6-12 ft. Piedmont-mountains; moist to average soils;

Bottlebrush Buckeye 12-25 ft. drought & flood tolerance; salt resistant

Aesculus octandra Sun/Shade 6-12-ft. Western Piedmont-Mountains. Wet to moist

Yellow Buckeye 12-20 ft. soils; drought resistant

Amorpha fruticosa Sun 6-12 ft. Entire state. Very flood tolerant; salt tolerant

Indigobush Amorpha 12-20 ft. very drought-heat resistant

Aronia arbutifolia Sun/shade 6-12 ft. Entire state. Very flood tolerant; salt tolerant

Red Chokeberry 3-6 ft. drought-heat resistant

Betula lenta Sun 15-25 ft. Piedmont-coast. Flood tolerant;

Cherry Birch 6-12 ft. drought resistant

Callicarpa americana Sun/shade 6-215 ft. Entire state. Average to droughty soils

American Beautyberry 12-20 ft.

Ceanothus americanus Sun/shade 3 ft. Entire state. Average to droughty soils; salt

Jerseytea Ceanothus 6 ft. resistant

Clethra alnifolia Sun/shade 6-12 ft. Piedmont-Coast. Flood tolerant; salt,

Summersweet Clethra 6-12 ft. drought, & heat resistant

Comus amomum Sun 6-12 ft. Entire state. Flood tolerant; intermediate

Silky Dogwood 6-12 ft. drought & heat resistant

Comus sericea Sun/shade 15 ft. Entire state. Prefers wet to moist soils;

Red-ossier Dogwood 6-12 ft. drought & heat resistant; red twigs
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BIORETENTION PLANTS-SHRUBS

SPECIES / HEIGHT/

COMMON NAME EXPOSURE SPREAD COMMENTS

Corylus americana Sun/shade 6-12 ft. Entire state. Prefers moist-dry soils;
American Filbert 6-12 ft. drought & heat resistant

Cyrilla racemiflora Sun/shade 12-20 ft. Entire state. Wet to moist soils; drought &

Swamp Cyrilla 12-20 ft. salt resistant

Diospyros virginiana Sun/shade 10-15 ft. Entire state. Wet to average soils. Can be

Persimmon 6-10 ft. hard to transplant.

Fothergilla gardeni Sun/shade 3 ft. Entire state. Wet to average soils; multi-

Dwarf Fothergilla 6 ft. season landscape interest

Halesia carolina Sun/shade 20 ft. Entire state. Moist, well-drained soils

Carolina Silverbell 12 ft.

Hammamelis spp. Sun/shade 15-20 ft. Entire state. Moist soils; does well in poorly-

Witchhazel I 6-12 ft. drained soils; many fine cultivars

Hypericum densiflorum Sun 3 ft. Entire state. Does extremely well in dry soils

Dense Hypericum 6 ft. Very flood & salt tolerant

Hypericum prolificum Sun 3 ft. Entire state. Does extremely well in dry soils

Shrubby St. Johnswort 6 ft. Very flood & salt tolerant

Ilex decidua Sun/shade 12-20 ft. Piedmont-coast. Very flood tolerant
Possumhaw 12-20 ft. Very drought & salt resistant

flex glabra Sun/shade 6-12 ft. Piedmont. Very flood tolerant
Inkberry 6-12 ft. Salt resistant

Ilex verticillata Sun/shade 6-12 ft. Piedmont. Very flood tolerant

Winterberry 6-12 ft. intermediate drought resistance

Itea virginica Sun or shade 6-12 ft. Piedmont-coast. Very flood & drought
Virginia Sweetspire 6-12 ft. tolerant; salt resistant; many fine cultivars

Kalmia angustifolia Sun or shade 3 ft. Piedmont-coast. Very flood & drought

Lambkill Kalmia 3-6 ft. tolerant; lavender-purple flowers

Kalmia latifolia Sun or shade 12-20 ft. Entire state. Very flood tolerant;

Mountain laurel 12-20 ft. intermediate salt & drought resistance

Myrica cerifera Sun 12-20 ft. Entire state. Very flood tolerant;
Wax Myrtle 6-12 ft. excellent salt & drought resistance
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BIORETENTION PLANTS-SHRUBS

SPECIES / HEIGHT/

COMMON NAME EXPOSURE SPREAD COMMENTS

Rhododendron canescens Sun 6-12 ft. Piedmont. Intermediate tolerance to flood,

Piedmont Azalea 6-12 ft. drought, & lighting

Rhododendron nudiflorum Sun/shade 6-12 ft. Entire state. Intermediate tolerance to street

Pinxter Azalea 6-12 ft. lighting & prolonged drought

Rhododendron viscosum Sun/shade 6-12 ft. Piedmont-coast. Intermediate tolerance to

Swamp Azalea 6-12 ft. street lighting & prolonged drought

Rosa carolina Sun 3 ft. Entire state. Very drought resistant; deep

Carolina Rose 3-6 ft. pink flowers

Sabal minor Sun/shade 6-12 ft. Coast. Flood tolerant; some salt tolerance;

Palmetto 6-12 ft. drought & heat resistant

Vaccinium corymbosum Sun/shade 6-12 ft. Entire state. Very flood tolerant; intermediate

Highbush blueberry 6-12 ft. drought tolerant; salt resistant

Viburnum dentatum Sun/shade 6-12 ft. Entire state. Very flood tolerant & drought

Arrowwood Viburnum 6-12 ft. tolerant; salt resistant

Viburnum nudum Sun/shade 6-12 ft. Entire state. Very flood tolerant & drought

Possumhaw Viburnum 6-12 ft. tolerant; salt resistant

BIORETENTION PLANTS-GROUNDCOVER, PERENNIALS, & ORNAMENTAL

GRASSES

Note: Grass should never be seeded, use sod instead. Hybrid bermuda grass and
centipede have been successfully tested as grassed bioretention cells in North Carolina.

SPECIES / HEIGHT/

COMMON NAME EXPOSURE SPREAD COMMENTS

Achillea Sun 1.5 ft. Entire state; dry to moist soils; many

Yarrow cultivars available

Acorus calamus Sun 1 ft. Entire state. Wet to moist soils; drought

Sweet flag resistant

Amsonia ciliata Sun 6" Entire state. Very drought & heat resistant;

Creeping blue star 2 ft. pale blue flowers

Amsonia hubrichtii Sun 36" Entire state. Very drought & heat resistant;

Narrow Leaf Blue Star Carolina blue flowers

Amsonia ludoviciana Sun 24" Entire state. Very drought & heat resistant;

Louisiana blue star 2 ft. pale blue flowers
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BIORETENTION PLANTS-GROUNDCOVER, PERENNIALS, & ORNAMENTAL
GRASSES

SPECIES I HEIGHT/

COMMON NAME EXPOSURE SPREAD COMMENTS

Asclepias tuberosa Sun 20" Entire state. Very drought & heat resistant;

Butterfly weed yellow-gold flowers

Baptisia alba Sun Coast. White flowers.

White false indigo
Boltonia apalachicolensis Sun 48" Piedmont-coast. White flowers late summer

Apalachicola Doll's Daisy

Boltonia diffusa Sun 5 ft. Entire state. White flowers late summer

Doll's Daisy

Carex spp. Sun 6-12". Entire state. Tolerates a wide variety of

Sedge conditions; many different cultivars

Coreopsis spp. Sun 1-3 ft. Entire state. Tolerates a wide variety of
Tickseed conditions; many different cultivars

Echinacea purpurea Sun 1-2 ft. Entire state. Drought tolerant; wide variety

Coneflower of cultivars

Gaillardia spp. Sun 1-2 ft. Entire state. Drought tolerant; variety of
Blanket Flower species and hybrids

Gaura lindheimeri Sun 2-4 ft. Entire state. Thrives in hot, dry climate;

Gaura many select cultivars

Geranium sanguineum Sun 10-14" Entire state. Tolerates wide range of

Geranium conditions including drought

Hemerocallis spp. Sun 2-4 ft. Entire state. Tolerates a wide variety of

Daylily conditions; many different cultivars

Heuchera spp. Sun 12-18" Entire state. Sun-tolerant; well-drained soils;

Coral bells many different cultivars

Pennisetum. spp. Sun 2-5 ft. Entire state. Extremely tolerant of adverse

Fountain grass conditions; many species & cultivars

Penstemon australis Sun 15" Entire state. Tolerant of heat/humidity;

Beard's Tongue mauve flowers

Potentilla gracilis Sun 1-2 ft. Entire state.Moist to dry soils; yellow flowers

Cinquefoil

Rudbeckia hirta Sun 2-4 ft. Entire state. Moist to dry soils; showy

Black-eyed susan flowers; other species & cultivars

Solidago spp. Sun 1-4 ft. Entire state. Extremely tolerant of adverse
Goldenrod conditions; many species & cultivars
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12.4. Maintenance

12.4.1. Common Maintenance Issues

Bioretention facilities require plant, soil, mulch, and under-drain maintenance to ensure
optimal infiltration, storage, and pollutant removal capabilities. Bioretention
maintenance requirements are typical landscape care procedures and include:

1. Watering: Plants should be selected to be tolerant of the bioretention facility's
particular conditions. Watering should not be required after establishment
(about 2 to 3 years). However, watering may be required during prolonged dry
periods after plants are established.

2. Erosion Control: Inspect flow entrances, ponding area, and surface overflow areas
periodically. Replace soil, plant material, and/or mulch in areas where erosion
has occurred. Erosion problems should not occur with proper design except
during extreme weather events. If erosion problems do occur, the following
issues should be re-assessed: flow volumes from the contributing drainage area
and bioretention size; flow velocities and gradients within the bioretention
facility; flow dissipation and erosion protection methods in the pretreatment and
in-flow areas. If sediment is deposited in the bioretention facility, immediately
determine the source, remove excess deposits, and correct the problem.

3. Plant Material: Depending on plants selected and aesthetic requirements,
occasional pruning and removal of dead plant material may be necessary.
Replace all dead plants. However, if specific plants consistently have a high
mortality rate, assess the cause and replace with appropriate species. Periodic
weeding is necessary until groundcover plants are established. Weeding should
become less frequent if an appropriate plant density has been used.

4. Nutrients and Pesticides: The soil media and plant material should have been
selected for optimum fertility, plant establishment, and growth within the
particular conditions of each bioretention facility. Nutrient and pesticide inputs
should NOT be required and will degrade the pollutant processing capability of
the bioretention facility, as well as contribute to additional pollutant loading to
receiving waters. By design, bioretention facililities are typically specified in
watersheds where phosphorous and nitrogen levels are often elevated.
Therefore, these should not be limiting nutrients with regard to plant health. If
in question, have the soil analyzed for fertility.

5. Mulch: Replace mulch annually in bioretention facilities where heavy metal
deposition is likely (e.g., drainage areas that include commercial/industrial uses,
parking lots, or roads). In residential or other settings where metal deposition is
not a concern, replace or add mulch as needed to maintain a 2 to 4 inch depth at
least once every two years.

6. Soil media: Soil mixes for bioretention facilities are design to maintain long-term
fertility and pollutant processing capability. Estimates from metal attenuation
research indicates that metal accumulation should not present a toxicity concern
for at least 20 years in bioretention facilities (USEPA 2000). Further, replacing
mulch where heavy metal deposition is likely provides an additional factor of
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safety for prolonged bioretention performance. If in question, have soil analyzed
for fertility and pollutant levels.

When the filtering capacity diminishes substantially (e.g., when water ponds on the
surface for more than 12 hours), remedial actions must be taken. One possible problem is
that underdrain pipe systems can become clogged. Annual flushing through pipe
cleanouts is recommended to facilitate unclogging of the pipes without disturbing the
bioretention areas. If the water still ponds for more than 12 hours, the top few inches of
material should be removed and replaced with fresh material. The removed sediments
should be disposed of in an acceptable manner (e.g., landfill). If that does not solve the
problem, more extensive rebuilding is required.

Examples of WA/hen to Perform Maintenance
Replace gravel when it has become clogged with sediment.

Figure 12-8a
Gravel Pretreatment is Clogged with Sediment

* Replace mulch when it becomes thin or is taken over by grass.

Figure 12-8b
Thin Mulch in the Bioretention Cell

• Remove top layer of fill media when the pool does not drain quickly. The pool is
designed to drain within 12 hours.
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12.4.2. Sample Inspection and Maintenance Provisions

Important inspection and maintenance procedures:
- Immediately after the bioretention cell is established, the plants will be watered

twice weekly if needed until the plants become established (commonly six
weeks).

- Snow, mulch or any other material will NEVER be piled on the surface of the
bioretention cell.

- Heavy equipment will NEVER be driven over the bioretention cell.
- Special care will be taken to prevent sediment from entering the bioretention cell.

- Once a year, a soil test of the soil media will be conducted.

After the bioretention cell is established, I will inspect it once a month and within 24
hours after every storm event greater than 1.0 inches (or 1.5 inches if in a Coastal
County). Records of inspection and maintenance will be kept in a known set location
and will be available upon request.

Inspection activities shall be performed as follows. Any problems that are found shall

be repaired immediately.

Table 12-2
Sample Inspection and Maintenance Provisions for Bioretention Areas

BMP element: Potential problems: How to remediate the problem:
The entire BMP Trash/debris is present. Remove the trash/debris.
The perimeter of the Areas of bare soil and/or Regrade the soil if necessary to
bioretention cell erosive gullies have formed. remove the gully, and then plant a

ground cover and water until it is
established. Provide lime and a
one-time fertilizer application.

The inlet device: pipe, The pipe is clogged (if Unclog the pipe. Dispose of the
stone verge or swale applicable), sediment off-site.

The pipe is cracked or Replace the pipe.
otherwise damaged (if
applicable).
Erosion is occurring in the Regrade the swale if necessary to
swale (if applicable), smooth it over and provide erosion

control devices such as reinforced
turf matting or riprap to avoid
future problems with erosion.

Stone verge is clogged or Remove sediment and clogged
covered in sediment (if stone and replace with clean stone.
applicable).
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Table 12-2, continued
Sample Inspection and Maintenance Provisions for Bioretention Areas

BMP element: Potential problems: How to remediate the problem:
The pretreatment area Flow is bypassing Regrade if necessary to route all

pretreatment area and/or flow to the pretreatment area.
gullies have formed. Restabilize the area after grading.
Sediment has accumulated to Search for the source of the
a depth greater than three sediment and remedy the problem if
inches. possible. Remove the sediment and

restabilize the pretreatment area.
Erosion has occurred. Provide additional erosion

protection such as reinforced turf
matting or riprap if needed to
prevent future erosion problems.

Weeds are present. Remove the weeds, preferably by
hand.

The bioretention cell: Best professional practices Prune according to best professional
vegetation show that pruning is needed practices.

to maintain optimal plant
health.
Plants are dead, diseased or Determine the source of the
dying. problem: soils, hydrology, disease,

etc. Remedy the problem and
replace plants. Provide a one-time
fertilizer application to establish the
ground cover if a soil test indicates
it is necessary.

Tree stakes/wires are present Remove tree stake/wires (which
six months after planting. can kill the tree if not removed).

The bioretention cell: Mulch is breaking down or Spot mulch if there are only random
soils and mulch has floated away. void areas. Replace whole mulch

layer if necessary. Remove the
remaining much and replace with
triple shredded hard wood mulch at
a maximum depth of three inches.

Soils and/or mulch are Determine the extent of the clogging
clogged with sediment. - remove and replace either just the

top layers or the entire media as
needed. Dispose of the spoil'in an
appropriate off-site location. Use
triple shredded hard wood mulch at
a maximum depth of three inches.
Search for the source of the
sediment and remedy the problem if
possible.

An annual soil test shows that Dolomitic lime shall be applied as
pH has dropped or heavy recommended per the soil test and
metals have accumulated in toxic soils shall be removed,
the soil media, disposed of properly and replaced

with new planting media.
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Table 12-2, continued
Sample Inspection and Maintenance Provisions for Bioretention Areas

BMP element: Potential problems: How to remediate the problem:
The underdrain system Clogging has occurred. Wash out the underdrain system.
(if applicable)
The drop inlet Clogging has occurred. Clean out the drop inlet. Dispose of

the sediment off-site.
The drop inlet is damaged Repair or replace the drop inlet.

The receiving water Erosion or other signs of Contact the NC Division of Water
damage have occurred at the Quality 401 Oversight Unit at 919-
outlet. 733-1786.
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September 28, 2007 Changes:
1. Major Design Elements:

i. Reformatted to include numbered requirements.
ii. Defined sheet flow at 1 ft/sec.

iii. Replaced "minimum" with "maximum" and "0.5" with "0.52" in, "Ponded water
shall completely drain into the soil within 12 hours. It shall drain to a level of 24
inches below the soil surface in a maximum of 48 hours. Permeability of 0.52-6"per
hour is required, 1-2 in per hour is preferred." Also clarified that the permeability
referenced here is for the media, not the in-situ soil. Separated the second sentence
into a separate requirement because the Administrative Code [I 5A NCAC 02H
.1008(d)(6)] requires 0.52 in/hr.

iv. Divided, "Bioretention facilities shall not be used where: seasonally high water table
less than 2 feet below bottom of BMP, slopes greater than 20%, and non-permanently
stabilized drainage areas," into two requirements. It now reads:

1. "Bioretention facilities shall not be used where the seasonally high water
table is less than 2 feet below bottom of BMP." This is per 15A NCAC 02H
.1008(d)(3), an Administrative Code requirement for infiltration systems.

2. "Bioretention facilities shall not be used where slopes are greater than 20%,
or in non-permanently stabilized drainage areas." This is based on NC DWQ
policy.

v. Added a requirement that the design shall be located a minimum of 30 feet from
surface waters, and 50 feet from Class SA waters per 15A NCAC 02H. 1008(d)(1).

vi. Added a requirement that the design shall be located a minimum of 100 feet from
water supply wells per 15A NCAC 02H. 1008(d)(2).

vii. Added a requirement that the volume in excess of the design volume, as determined
from the design storm, shall bypass the cell per 15A NCAC 02H. 1008(d)(4).

viii. Added a requirement that the volume in excess of the design volume shall be evenly
distributed across a minimum 30 feet long vegetative filter strip. (A 50-ft filter is
required in some locations.) If this can not be attained, alternate designs will be
considered on a case by case basis. This requirement is per 15A NCAC 02H
.1008(c)(4) and 15A NCAC 02H. 1005(b)(iii).

2. 12.3.1: Clarified language to support the two Major Design Elements discussed in
(1)(iv), (1)(vii) and (1)(viii) above.

3. 12.3.1: Removed a reference to the Simple Method, and specified that the treatment
volume shall be calculated as specified in Section 3.

4. 12.3.1: Removed the reference to "online" bioretention cells where all of the water is
directed to the cell.

5. 12.3.1: Clarified the discussion of the forebay pretreatment option.
6. 12.3.1: Clarified that sheet flow is defined as 1 ft/sec.
7. 12.3.1: Removed the reference to the first flush.
8. 12.3.5: Replaced "minimum" with "maximum" in the following sentence, "The ponded

water must drain to a level 24 inches below the surface of the cell within a maximum of
48 hours in order to allow the appropriate contact time for pollutant removal."

9. 12.3.6: Replaced "shall" with "will likely" in, "If the in-situ soil permeability is less than
2 in/hour the bioretention facility will likely have an underdrain system."

10. 12.3.6: Added, "If the in-situ soil drains more slowly than the planting media, then
designers should explain how the water would drain from the media. Underdrains will
likely be installed."

11. 12.3.6: Added a reference to Section 5.7 for more information on underdrain
requirements.
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12. 12.3.8: Clarified that the stated planting density is recommended unless the design is a
grassed bioretention cell.

13. 12.3.8: Noted that hybrid bermudagrass and centipede sod have been successfully tested
in bioretention cells in North Carolina.

14. Figure 12-2c: Altered for clarification. (A portion of this figure was deleted.)
15. Figure 12-3a: Altered for clarification. This is the flow-splitter option. (Renumbered.

Previously 12-3c).
16. Figure 12-3b: Added for clarification. This is the overflow device option.
17. Figure 12-3c: Deleted for clarification.
18. Figure 12-3d: Renumbered. Previously 12-3b. This is the steep slopes option.
19. Figures 12-4a, 12-4b, and 12-4c: Deleted.
20. Figure 12-4: Altered for clarification. (Renumbered. Previously 12-5).
21. Figure 12-5: Replaced "minimum" with "maximum" in the 48-hour requirement.

Renumbered. Previously 12-6.
22. Figure 12-6: Renumbered. Previously 12-7.
23. Figures 12-7a and 12-7b: Renumbered. Previously 12-8a and 12-8b.
24. Figures 12-8a and 12-8b: Renumbered. Previously 12-9a and 12-9b.
25. Table 12-1: Added recommended planting density.
26. Table 12-2: Renumbered. Previously Table 12-1.
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13. Filter Strip

Description
A filter strip is a section of land capable of sustaining sheet flow, either forested or vegetated
with turf grasses or other plants, which provides pollutant removal as the stormwater passes
through it.

Regulatory Credits Feasibility Considerations
Pollutant Removal
25-40%* Total Suspended Solids Med Land Requirement

20% Total Nitrogen Low Cost of Construction
35% Total Phosphorus Low Maintenance Burden

Water Quantity Low Treatable Basin Size

no Peak Attenuation Med Possible Site Constraints

no Volume Capture High Community Acceptance

*See Section 13.2 for information on variable rate.

Advantages Disadvantages
- Can reduce particulate pollutants such as - Not resistant to high velocity flows, so

sediment, organic matter, and trace generally not applicable in large areas
metals. with intense development or with steep

- Slows down the water and promotes slopes.
infiltration. - Requires sheet flow to operate

- Can be implemented as part of effectively. May be difficult to avoid flow
landscaping requirements. re-concentration.

- Meshes well in residential areas to - Does not provide enough runoff storage
provide open space for recreation, help or infiltration to significantly reduce
maintain riparian zones, and reduce peak discharge or volume of storm
stream bank erosion. runoff, so typically functions only as one

component in a stormwater management
system.

Major Design Elements

Required by the NC Administrative Rules of the Environmental Management
Commission. Other specifications may be necessary to meet the stated pollutant removal
requirements.

1 Sizing shall take into account all runoff at ultimate build-out including off-site drainage.
2 The BMP shall be located in a recorded drainage easement with a recorded access

easement to a public ROW.

3 A distribution device shall be used to provide even distribution of runoff across the BMP.
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Major Design Elements (Continued)

Required by DWQ policy. These are based on available research, and represent what DWQ
:onsiders necessary to achieve the stated removal efficiencies.

I The filter strip must be densely vegetated.

An appropriately licensed design professional must prepare the grading and vegetation
plan.

The length and width of a filter strip shall be in accordance with the requirements of the
applicable stormwater regulatory program.

7 Sustained sheet flow is required, typically through the use of a concrete level spreader.

13.1. General Characteristics and Purpose

Any natural vegetated area, from grassy meadow to small forest, may be adapted for
use as a filter strip. Filter strips are often referred to as vegetated filters. Man-made
filter strips (on graded, prepared, and planted areas) can be just as effective as some
natural areas. Many types of plants or natural vegetation can be used in filter strips
ranging from close-growing grasses to shrubs and trees. However, the vegetation must
have dense foliage and a thick root mat to be effective. Filter strips are designed to
accept runoff from overland sheet flow from upgradient development. The filter strips
trap sediment and sediment-bound pollutants. Because they disconnect impervious
surfaces from storm sewers and lined channels, filter strips reduce effective
imperviousness and help reduce peak discharge rates by increasing travel times and by
increasing abstractions from the total flow. Figure 13-1 illustrates the basic elements of
a filter strip.

Filter strips may be used to treat runoff from highways, roofs, parking areas, and in
general, between upgradient development and receiving waters, frequently in
residential areas, or where the development density is low. Filter strips can also be used
as pretreatment for infiltration BMPs such as bioretention and infiltration trenches. They
are also part of the outer zone of riparian stream buffers. Additionally, for projects
under North Carolina's State Stormwater Management Program rules, a filter strip may
be a required companion BMP for the discharge from other BMPs, such as wet detention
basins and infiltration BMPs.

A level spreader is required with every filter strip, unless permanent, sustained sheet
flow can be otherwise demonstrated. Chapter 8 addresses the design requirements for
level spreaders.
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Figure 13-1
Filter Strip Schematic for Receiving the Stated Pollutant Removal Credits
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13.2. Meeting Regulatory Requirements

Every filter strip must meet the major common design requirements presented on the
first page of this chapter. Additionally, to receive the pollutant removal rates listed in
the front of this section, the filter strip also must meet the requirements of the regulatory
program that governs the installation.

Pollutant Removal Calculations
The pollutant removal calculations for filter strips are as described in Section 3.4, and
use the pollutant removal rates shown below.

The removal rates for TSS are variable based on the type of vegetation:

- 40 percent for natural wooded vegetation
- 30 percent for planted wooded vegetation
- 25 percent for grass and thick ground cover

The removal rates for nutrients are:

- 20 percent for total nitrogen
- 35 percent for total phosphorus
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Volume Control Calculations
Filter strips do not have any water storage component, so they do not provide any active
volume control. Filter strips do provide passive volume control capabilities through a

couple of mechanisms. First, they provide pervious surface to reduce the total runoff
volume to be controlled. Second, if designed in such a way, they can increase the time of
concentration and therefore reduce the peak discharge rate.

Filter strips can provide some runoff peak attenuation, largely by increasing the time of
concentration in a subbasin, and by creating disconnected imperviousness. The
effectiveness of filter strips in reducing runoff peak rates can be improved by: siting them
over the most permeable soils thereby reducing the NRCS curve number (CN) associated

with the filter strip, placing them so as to receive runoff from impervious surfaces, and
interconnecting them with grassed swales or bioretention areas to increase the time of
concentration.

13.3. Design

13.3.1. Siting Issues

Filter strips perform well in all areas of North Carolina where dense, vegetative growth
can be established. High dune areas of coastal counties are too dry to support dense
vegetative cover and are not appropriate for filter strips. Also, slopes must be in the

appropriate range: less than 5 percent slope is preferable; in no cases, may slope exceed
15 percent.

13.3.2. Contributing Drainage Basin

Where filter strips receive the runoff directly from the drainage basin, they should be
limited to relatively small tributary areas. Relevant considerations include the ultimate
imperviousness of the drainage basin, the amount of flow delivered to the filter strip, the
permeability and erodibility of the underlying soil, the type and condition of vegetation
present in the filter strip, the presence or absence of small rills, and the slope of the filter
strip.

Filter strips can be used for larger areas if they are used in series, or interspersed
between impervious surfaces (for example, by incorporating filter strips between
parking lanes). The design of filter strips in larger areas should be supported by
calculations that acknowledge and address the potential vulnerabilities associated with
such installations.

13.3.3. Sheet flow

If flow is allowed to concentrate before it reaches the filter strip, or as it crosses over the
filter strip, the rates at which pollutants are removed will be reduced significantly,
gullies will develop, and the filter strip will be ineffective. To achieve the benefits of
reduced runoff rates, pollutant removal, and increased infiltration, it is essential that the
flow be transitioned to sheet flow through the use of a level spreader. A level spreader
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is required for all filter strips unless it can be proven that the inflow will be evenly
distributed sheet flow without the use of a level spreader.

13.3.4. Length and Width for Pollutant Removal Credit

The top edge of the filter strip should follow an elevation contour. If a section of the top
edge of the strip dips below the contour, runoff eventually may form a channel at the
low spot. Under some site topography and grading circumstances, runoff may travel
along the top of the filter strip rather than through it. Berms may be placed at intervals
perpendicular to the top edge of the strip to prevent runoff from bypassing any portion
of the filter strip.

The length (perpendicular to flow) of a filter strip is based on the same criteria as the
length of a level spreader presented in Chapter 8 Level Spreaders. The length of the
filter strip must be between a minimum of 13 feet and a maximum of 130 feet. The
length must be calculated as follows.

- For vegetation characterized as grass or thick ground cover: 13 feet of length
per 1 cfs of flow on slopes 0-8%.

- For vegetation characterized as forested: 65 feet of length per 1 cfs of flow for
slopes from 0-6%.

- If the forest vegetation is 100-150 feet in width, then the length can be reduced
to 50 feet of filter strip per 1 cfs of flow.

- If the forest vegetation is more than 150 feet in width, then the length can be
reduced to 40 feet of filter strip per 1 cfs of flow.

Forested filter strips must be significantly wider than those with grass or thick ground
cover, due to the forest's greater susceptibility to erosion.

If the filter strip has discrete sections with grass or thick ground cover in one part and
forest vegetation in another, then the length should be determined by calculating the
weighted average of the lengths required for each vegetation type. For example, if a
filter strip that has 20 feet of the width maintained as grass and 30 feet of the width is
existing forested vegetation, the appropriate filter strip length will be:

(20/50) x (13 ft/lcfs) + (30/50) x (65 ft/1 cfs) = 44.2 or 44 feet per cfs of flow

The width (parallel to flow) of a filter strip shall in all cases be a minimum of 50 feet.

13.3.5. Length and Width for Compliance with the State Stormwater Program

In most circumstances under the State Stormwater Management Program rules at NCAC
15A 2H .1000, a filter strip is a required additional component of a control system based
on another BMP. For example, the discharge of a wet detention basin must flow
through a companion vegetated filter strip for ponds designed to treat 85% TSS. Ponds
designed to treat 90% do not require a level spreader/filter strip. No specific numerical
value of pollutant removal is assigned for the filter strip alone, but the filter strip must
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be included in the stormwater control system. (Note that in the 2H .1000 rules the
convention for designating the length and width of the filter strip is reversed from the
terminology used in the several buffer rules. This section observes the more prevalent buffer rules
convention in order to avoid confusion with other parts of the manual.)

The slope and length (perpendicular to flow) of the filter strip shall be designed and
constructed so as to provide a non-erosive velocity through the filter strip for the 10-year
storm. The slope shall be 5% or less where practicable. In no cases shall the slope be
greater than 15%.

The width (parallel to flow) of the filter strip shall be 50 feet when installed on the
discharge from an infiltration system or other BMP for projects that drain to SA waters.
The width of the filter strip shall be 30 feet when installed on the discharge from a wet
detention basin or other BMP for other projects. Figure 13-2 presents the basic elements
of a filter strip used as a companion BMP.

Figure 13-2
Filter Strip Schematic as a Companion BMP
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13.3.6. Sediment Accumulation

Filter strips can handle low amounts of sediment accumulation by capturing the
sediment in the root areas of the vegetation and incorporating it into the soils of the filter
strip. Filter strips should not be installed until the contributing drainage area is
stabilized. In most instances, a forebay is required prior to the level spreader to capture
the sediment prior to entering the filter strip. For filter strips downstream of wet
detention basins and infiltration devices, a forebay may not be required if sediment
capture is effectively accomplished by the upstream BMP.

13.3.7. Slopes and Velocities

In general, filter strips are most effective on sites with mild slopes. Regulatory program
limitations on maximum slopes are identified in section 13.3.4 above.

A key design objective is that the design overland flow velocity must be non-erosive.
Overland flow velocity may be managed by the following methods: maintaining low
slopes and uniformly sloping grades, limiting flow volumes to appropriate levels,
providing good flow distribution, repairing erosion features immediately upon
discovery, and maintaining a dense and healthy vegetative cover. Non-erosive velocity
is also dependent on soil type, and the designer must consider soil type in evaluating
design velocities. Typical non-erosive velocities range from 4 fps if the vegetation is
dense grass or undergrowth, and less than 2 fps if the filter strip is wooded.

13.3.8. Plant and Landscape Requirements

To realize the benefits of filter strips, it is essential to maintain a dense, vigorous stand of
vegetation. For forest or shrub vegetation, it is recommended that the vegetation
generally be deep-rooted, have well-branched top growth, and resistant to damage from
either saturation or drought. Vegetation on filter strips receiving street and parking lot
runoff must be resistant to deicing chemicals, salts, and heavy metals (tall fescue has
been shown to be quite resistant to road salts).

Well-drained soils are preferred, however, with proper soil preparation and selection of
appropriate plant species, filter strips can be established successfully on poorly drained
soils.

A natural forested area provides good long-term removal of pollutants and priority
should be given to preventing the unnecessary removal of trees. Native vegetation often
takes longer to establish than turf grass; however, this can be managed by planting the
native vegetation early and allowing it to become properly established prior to allowing
stormwater onto the BMP.

A grading and vegetation plan must be prepared by an appropriately licensed design
professional for all filter strips.
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13.4 Construction

Accurate grading is necessary to develop sheet flow through the filter strip. Filter strip
soil compaction by equipment or vehicles during construction should be minimized. Over
time, the permeability of compacted soil can be restored through the action of vegetation
root systems. However, the restoration takes 5 to 10 years and the vegetation may be
difficult to establish without a good layer of topsoil.

13.5 Maintenance

13.5.1. Common Maintenance Issues

During the first one or two years after construction, filter strips and level spreaders
should be inspected for proper distribution of flows and signs of erosion during and
after major storm events. After the first one or two years, the strip may be inspected
annually or biannually. If evidence of erosion exists, the eroded areas should be filled in
and reseeded. The cause of the erosion should then be determined and, if possible,
eliminated.

Filter strips that are not maintained properly may quickly become nonfunctional
(Schueler et al., 1992). Maintenance involves routine activities such as mowing,
trimming, and replanting when necessary. Strips that receive excessive sediment may
require periodic regrading and reseeding of their upslope edge because deposited
sediment can kill grass and change the elevation of the edge such that the stormwater no
longer flows through the strip in thin sheets. Maintenance requirements are as follows:

13.5.2. Sample Inspection and Maintenance Provisions

Important maintenance procedures:
- Immediately after the filter strip is established, any newly planted vegetation

will be watered twice weekly if needed until the plants become established
(commonly six weeks).

- Once a year, the filter strip will be reseeded to maintain a dense growth of
vegetation

- Stable groundcover will be maintained in the drainage area to reduce the
sediment load to the vegetation.

- Two to three times a year, grass filter strips will be mowed and the clippings
harvested to promote the growth of thick vegetation with optimum pollutant
removal efficiency. Turf grass should not be cut shorter than 3 to 5 inches and
may be allowed to grow as tall as 12 inches depending on aesthetic requirements
(NIPC, 1993). Forested filter strips do not require this type of maintenance.

- Once a year, the soil will be aerated if necessary.
- Once a year, soil pH will be tested and lime will be added if necessary.

After the filter strip is established, it will be inspected quarterly and within 24 hours
after every storm event greater than 1.0 inch (or 1.5 inches if in a Coastal County).
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Records of inspection and maintenance will be kept in a known set location and will be
available upon request.

Inspection activities shall be performed as follows. Any problems that are found shall
be repaired immediately.

Table 13-2
Sample Inspection and Maintenance Provisions for Filter Strips

BMP element: Potential problem: How to remediate the problem:
The entire filter strip Trash/debris is present. Remove the trash/debris.
system
The flow splitter device The flow splitter device is Unclog the conveyance and dispose
(if applicable) clogged, of any sediment off-site.

The flow splitter device is Make any necessary repairs or
damaged. replace if damage is too large for

repair.
The swale and the level The swale is clogged with Remove the sediment and dispose
lip sediment, of it off-site.

The level lip is cracked, Repair or replace lip.
settled, undercut, eroded or
otherwise damaged.
There is erosion around the Regrade the soil to create a berm
end of the level spreader that that is higher than the level lip, and
shows stormwater has then plant a ground cover and
bypassed it. water until it is established. Provide

lime and a one-time fertilizer
application.

Trees or shrubs have begun Remove them.
to grow on the swale or just
downslope of the level lip.

The bypass channel Areas of bare soil and/or Regrade the soil if necessary to
erosive gullies have formed. remove the gully, and then

reestablish proper erosion control.
Turf reinforcement is Study the site to see if a larger
damaged or ripap is rolling bypass channel is needed (enlarge if
downhill, necessary). After this, reestablish

the erosion control material.
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Table 13-2, continued
Sample Inspection and Maintenance Provisions for Filter Strips

BMP element: Potential problem: How to remediate the problem:
The filter strip Grass is too short or too long Maintain grass at a height of

(if applicable), approximately three to six inches.
Areas of bare soil and/or Regrade the soil if necessary to
erosive gullies have formed, remove the gully, and then plant a

ground cover and water until it is
established. Provide lime and a
one-time fertilizer application.

Sediment is building up on Remove the sediment and
the filter strip. restabilize the soil with vegetation if

necessary. Provide lime and a one-
time fertilizer application.

Plants are desiccated. Provide additional irrigation and
fertilizer as needed.

Plants are dead, diseased or Determine the source of the
dying. problem: soils, hydrology, disease,

etc. Remedy the problem and
replace plants. Provide a one-time
fertilizer application.

Nuisance vegetation is Remove vegetation by hand if
choking out desirable species. possible. If pesticide is used, do not

allow it to get into the receiving
water.

The receiving water Erosion or other signs of Contact the NC Division of Water
damage have occurred at the Quality local Regional Office, or the
outlet. 401 Oversight Unit at 919-733-1786.
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September 28, 2007 Changes:
1. Major Design Elements:

i. Reformatted to include numbered requirements.
ii. Specified concrete for the level spreader material.

2. 13.1: The Administrative Code refers to "vegetated filters", but they are commonly
referred to as "filter strips" in practice. Added the following statement for clarification,
"Filter strips are often referred to as vegetated filters."

3. 13.3.5: Clarified requirements for filter strips following wet ponds that are designed for
85% and 90% TSS removal. Requirement now reads, "...the discharge of a wet
detention basin must flow through a companion vegetated filter strip for ponds designed
to treat 85% TSS. Ponds designed to treat 90% do not require a level spreader/filter
strip."

4. Figure 13-1: Altered for clarification.
5. Figure 13-2: Altered for clarification.
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14. Grassed Swale

Description:
A water quality grassed swale is a shallow open-channel drainageway stabilized with grass or
other herbaceous vegetation that is designed to filter pollutants.

Curb Outlet Systems for Low Density Projects

Regulatory Credits Feasibility Considerations
Pollutant Removal

0% Total Suspended Solids Small Land Requirement
0% Nitrogen Small Cost of Construction
0% Phosphorus Small Maintenance Burden

Water Quantity Small Treatable Basin Size

no Peak Runoff Attenuation Some Possible Site Constraints

no Runoff Volume Reduction

Conveyance Swales Seeking Pollutant Credit*

Regulatory Credits Feasibility Considerations
Pollutant Removal

35% Total Suspended Solids Small Land Requirement
20% Nitrogen Small Cost of Construction
20% Phosphorus Small Maintenance Burden

Water Quantity Small Treatable Basin Size
no Peak Runoff Attenuation Some Possible Site Constraints

no Runoff Volume Reduction

Conveyance Swales Not Seeking Pollutant Credit*

Regulatory Credits Feasibility Considerations
Pollutant Removal

0% Total Suspended Solids Small Land Requirement
0% Nitrogen Small Cost of Construction
0% Phosphorus Small Maintenance Burden

Water Quantity Small Treatable Basin Size
no Peak Runoff Attenuation Some Possible Site Constraints

no Runoff Volume Reduction

*May include roadside swales, lot line swales, and primary outlet swales

Roadside swales: These swales are usually on both sides of a road. They are typically
interconnected with cross pipes, and empty into a primary outlet swale(s) carrying runoff off
site. These swales often collect runoff from lot line swales, and therefore carry heavy
hydraulic and pollutant loads.
Lot line swales: These swales are usually located between houses and run the length of the
lot. They typically receive sheet flow from lots, and flow directed from gutters.
Primary outlet swales: These swales usually collect drainage from roadside swales and lot
line swales, though they are sometimes located along lot lines. Because of the heavy
hydraulic load, they are usually deeper, wider, and longer than roadside or lot line swales.
These swales usually serve the same function as low-density curb outlet swales.
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Advantages
- Can reduce the use of costly

development infrastructure, e.g., curb
and gutter.

- Can be aesthetically pleasing.
- Low-slope swales can create wetland

areas.
- Unmowed systems not adjacent to

roadways can provide valuable "wet
meadow" habitat.

Disadvantages
- Could be subject to standing water and

mosquito infestations.
- May be subject to channelization due to

concentrated flows.
- Low pollutant removal rates and

essentially no volume control. Must be
used with other BMPs to meet most
stormwater rule requirements.

Major Design Elements

All Swales

Reuired byteNJdiistrati Rues of tenvRonental Managmn
Comm1iission. Other s [ec(ffi [(-)ti( may b~e necessa'nJ oMeet h ttdp~~~ eoa

1 Sizing shall take into account all runoff at ultimate build-out including off-site
drainage.

2 BMP shall be located in a recorded drainage easement with a recorded access

Ieasement to a public ROW.

3 The design must non-erosively pass the peak runoff rate for the 10-year storm.

4 Where practicable, the maximum longitudinal slope shall be 5%.

5 Treatment volume shall be calculated as specified in Section 3.

6
Swales shall convey the design discharge while maintaining a 0.5-foot freeboard and
without exceeding the maximum permissible velocity.
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Major Design Elements (Continued)

Curb Outlet Swales for Low Density Projects

Required by the NC Administrative Rules of the Env0t i ierntalManagement
Commission. Other specifications nta y be necessary to rnmeetthe stated pollutant removal
requirements. .

1 The maximum velocity shall be as specified in the NC Erosion and Sediment Control

Manual (and replicated in this document, Table 14-2).

2 Side slopes shall be no steeper than 5:1.

3 Swale length shall be 100 ft or greater.

Required by DWQpolicy.,These are based on available research, and represent what
DWQ considers necessary it achieve the stated removal efficiencies.

4 A maintenance agreement is required.

Swales shall have a 1-ft minimum distance from the bottom of the swale to the
seasonal high water table (SHWT).

Conveyance Swales Seeking Pollutant Removal Credit

Required by DWQ policy. These are based on available research, and represent what
DWQ considers necessary to achieve the stated removal efficiencies.

1 The maximum velocity shall be 1 ft/sec for the 10-year, 24-hour storm..

2 Side slopes shall be no steeper than 5:1.

3 A maintenance agreement is required.

4 Swale length shall be 150 ft or greater.

Swales shall have a 1-ft minimum distance from the bottom of the swale to the
seasonal high water table (SHWT).

Conveyance Swales Not Seeking Pollutant Removal Credit

Required by the NC A Y
Commission. Other specifications may be necessary to meet eistated botdtantremoval

requirements. - , .

1 Side slopes shall be no steeper than 3:1.

Required by DWQ policy. These are based on aailabl rese t
DWQ considers necessary to achieve the stated removal- efficiencies. . ,D W c ns de sne es ar .. .. ... .. '; ,v,•........ * .... , ... .

The maximum velocity shall be as specified in the NC Erosion and Sediment Control
Manual (and replicated in this document, Table 14-2).
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14.1. General Characteristics and Purpose

Grassed swales are typically long open drainage channels integrated into the
surrounding development or landscape that are lined with grass or other vegetation.
They are often used in residential and commercial developments as well as along
highway medians as alternatives or enhancements to conventional storm sewers (see
Figure 14-1). Swales are suitable for many types of development, but are most practical
for campus-type developments and single-family residential sites.

Figure 14-1
Grassed Swale in Residential Area, Pembroke Woods Subdivision in Emmittsburg, MD

(Courtesy of Mike Clar, Ecosite, Inc., Columbia, MD)

Swales remove pollutants from stormwater by biofiltration, settling, and infiltration.
Grassed swales filter pollutants as stormwater runoff moves through the leaves and roots
of the grass. By reducing flow velocities and increasing a site's time of concentration,
grassed swales contribute to reducing runoff peaks. Grassed swales that are designed with
check dams or incorporate depression storage promote infiltration and can help contribute
to satisfying a site runoff capture/storage requirement.

The effectiveness of a swale in both reducing the flow rates and volume of runoff, and
removing pollutants, is a function of the size and composition of the drainage area, the
slope and cross section of the channel, the permeability of the soil, the density and type
of vegetation in the swales, and the swale dimensions. Broad swales on flat slopes with
dense vegetation are the most effective. Removal efficiencies are highest for sediment-
bound pollutants.
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Figures 14-2 through 14-4 show examples of grassed swales used for primary drainage
of residential subdivisions, parking lots, and commercial developments, respectively.
Figure 14-5 shows a more detailed sketch of swales in a parking lot, as well as optional
raised storm sewer inlets.

Figure 14-2
Schematic of Plan for Retrofit of Grassed Swales in Residential Subdivision
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Figure 14-3
Example of Grassed Swale Used for Parking Lot
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Figure 14-4
Schematic Showing Use of Grassed Swale for Primary Drainage of Commercial

Development

I b

I '.. A .:,4  Service Station

I Culvert []

I j "- - Water Flow

Wetland IWater Quality
Vegetation Detention

Gravel Filter--- -- Salt Tolerant Vegetation

Inlet-

Existing Storm Sewer

- - - - - - -

Grassed Swale 14-7 July 2007
Grassed Swale 14-7 July 2007



NCDENR Stormwater BMP Manual Chapter Revised: 09-28-07

Figure 14-5
Parking Lot Swale Drainage (from NIPC, 1993).

Curb Cuts,
Storm Sewer Inlet

/Raised Above Ground

Recessed Landscape Area with Raised
Storm Sewer Inlet and Curb Cuts

14.2. Meeting Regulatory Requirements

A listing of the major design elements is provided on the first page of this section.

Types of grassed swales
There are three types of grassed swales addressed in this chapter. The design
requirements and the credit granted is specific to the type of grassed swale designed.
Designers who wish to.get credit for TN, TP, and TSS for curb outlet systems for low-
density projects must meet both sets of requirements. Where these requirements
conflict, the more stringent requirement takes precedence.

* Curb Outlet Systems for Low Density Projects: Swales designed into these
systems are intended to convey stormwater through low-density projects as
outlined in NCAC 15A 02B .1008(g).

* Conveyance Swales Seeking Pollutant Credit: These swales are intended to be
mechanisms for pollutant removal. They may include roadside swales, lot line
swales, and primary outlet swales
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Conveyance Swales Not Seeking Pollutant Credit: These swales are not intended
to be mechanisms for pollutant removal. They may include roadside swales, lot
line swales, and primary outlet swales. Water in swales meeting the
requirements for this design is allowed to travel through the swale faster and the
side slopes are allowed to be steeper than for swales that seek pollutant removal
credit.

Pollutant Removal Calculations
The pollutant removal calculations for grassed swales are as described in Section 3.4,
and use the pollutant removal rates shown at the beginning of this Section.
Construction of a grassed swale also passively lowers nutrient loading since it is
counted as pervious surface when calculating nutrient loading.

Volume Control Calculations
A grassed swale typically does not provide any active volume capture or peak flow
attenuation. A grassed swale provides some passive volume control capabilities by
providing pervious surface and therefore reducing the total runoff volume to be
controlled. In addition, a grassed swale can be constructed with check dams, depression
storage, etc., that can provide a small amount of volume control.

14.3. Design

The design of a grassed swale must comply with the requirements outlined in this
section, and appropriate local channel design provisions. A diagram of the grassed
swale requirements is provided in Figure 14-6. If a swale is trapezoidal, having the
bottom of the swale two or more feet wide is recommended for maintenance purposes.

14.3.1. Converting Sediment and Erosion Control Devices

Swales are often used as part of the site construction sediment and erosion control plan.
The same swales can be later used as grassed swale BMPs, however, all of the sediment
must be removed, the channel configuration and slope must be re-established (if
necessary), and the proper vegetation must be established.

14.3.2. Siting Issues

The location of swales should be based on site topography and natural features. Where
possible, natural drainage ways on the site should be maintained and integrated into the
swale drainage system.

With the exception of swales not designed to receive pollutant removal credit, swales
should be sited in areas where the seasonal high water table is at least 1 foot below the
bottom of the swale. If the seasonal high water table is less than 1 foot below the bottom
of the swale the swale will likely be chronically wet. Swales should not carry dry-
weather flows or constant flows.
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Sites with steep slopes can be can be difficult to design due resulting high velocities of
flow. Roadside swales may pose traffic hazards in residential subdivisions. Shallow
swales and curbs with diversion devices can help alleviate this problem.

Figure 14-6
Diagram of Water Quality Grassed Swale Requirements

Swale Design A

View 1
Length , -

X X3, No Credit Swale
X=5, Credit Swale
& Curb Outlet Swale

14.3.3. Contributing Drainage Basin

There are no minimum or maximum size requirements on the drainage basin for a grassed
swale. A swale serving a tributary area more than 10 or 20 acres, or with very high
impermeable surface percentages, can be difficult to design due to high volumes of flow
and/or high velocities of flow.

14.3.4. Swale Design
The swale should be designed as either a curb and gutter system for a low-density
project or as a water treatment swale. The requirements are outlined under Major
Design Elements at the beginning of this chapter. Curb and gutter designs that also seek
pollutant removal credit shall meet the requirements of both designs. Where
requirements conflict, the more stringent requirement takes precedence. See Table 14-1
for a summary of the design requirements.
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Table 14-1
Summary of Swale Design Requirements

-, Y

Curb
Outlet

Conveyance
Swale

(Seeking
Credit)

Conveyance
Swale

(Not Seeking
Credit)

Sizing shall take into account all runoff at ultimate build-out X X X
including off-site drainage.
BMP shall be located in a recorded drainage easement with.a X X X
recorded access easement to a public ROW.
The design must non-erosively pass the peak runoff rate for X X X
the 10-year storm.
The treatment volume shall be determined as specified in X X X
Section 3.
Where practicable, the maximum longitudinal slope shall be X X X
5%.
Swales shall convey the design discharge while maintaining a X X X
0.5-foot freeboard and without exceeding the maximum
permissible velocity.

1lft from bottom swale to SHWT X X
Maintenance agreement required. X X
Max velocity as in E&SC Manual, see Table 14-2 X X
Max velocity, 1 ft/sec for the 10 year 24 hour storm X
Max side slopes, 3:1 X
Max side slopes, 5:1 X X
Swale length shall be 100 ft X
Swale length shall be 150 ft X

Where necessary, particularly for curb outlet systems for low-density projects, include a
supplement sheet containing pertinent design information when applying for a State
Stormwater permit. Such a supplement may be necessary in other instances as well. If
the design uses check dams, elevated drop inlets, elevated culverts, underdrains, or
other advanced design options include this information in the supplement.

The treatment volume shall be calculated as specified in Section 3. The swale is typically
parabolic or trapezoidal in cross section for ease of construction and maintenance and
for reducing the potential for scour. However, V-shaped swales are also allowed for
curb and gutter systems for low-density projects. To reduce maintenance and prevent
scour, the bottom width should be no less than 2 feet. The maximum bottom width
should be 6 feet to prevent erosion making a smaller, better-defined flow path.
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Table 14-2
Curb Outlet Systems for Low Density Projects: Maximum Allowable Velocities (Slopes

0-5%) (Derived from the NC E&SC Manual)'

Soil Grass Lining Permissible Velocity 3

Characteristics for Established Grass
Lining (ft/sec)

Bermudagrass 5.0
Easily Erodible Tall Fescue 4.5

Non-Plastic Bahiagrass 4.5
(Sands & Silts) Kentucky Bluegrass 4.5

Grass-Legume Mixture 3.5
Bermudagirass 6.0

Erosion Resistant Tall Fescue 5.5
Plastic (Clay Bahiagrass 5.5

Mixes) Kentucky Bluegrass 5.5
Grass-Legume Mixture 4.5

Permissible velocity based on 10-yr storm peak runoff
2 Soil erodibility based on resistance to soil movement from

concentrated flowing water.
3 Before grass is established, permissible velocity is determined by
the type of temporary liner used

The longitudinal slope of the swale shall be as flat as possible to minimize velocities and
improve pollutant filtering. The maximum slope shall be 5 percent; however, if slopes
are less than 1 percent, ponding may occur in minor depressions, which may be
objectionable to some residents. If slopes are flatter than I percent, an underdrain below
the bottom of the swale can help to drain the swale. If ponding is not a concern to
residents, vegetation that is suited to wetter conditions should be used. If land surface
slopes are too steep for grassed swales, the slopes can be modified with check dams (see
Figure 14-6) to reduce the slope and velocities or to enhance detention.

The designer also should evaluate the potential for transitioning from supercritical flow
to subcritical flow at grade transitions. When evaluating the flow regime, the designer
should consider the range of discharge rates up to and including the design rate. At
grade transitions, hydraulic jumps may cause scouring of the channel and flooding of
the banks. For locations where hydraulic jumps are anticipated, the designer should
consider using turf reinforcement, energy dissipaters, or lined channel segments.

The methodology for channel liner design is presented in the DENR Erosion and Sediment
Control Planning and Design Manual. If this procedure is used, a channel geometry must
be selected that does not exceed either the maximum permissible velocity or the
maximum allowable flow depth for the design flow rate.

The capacity of the swale must also be checked to ensure that it will be adequate after
vegetation is fully established. The resistance to flow should be evaluated using the
NRCS retardance factor for the vegetation selected (consult the DENR Erosion and
Sediment Control Planning and Design Manual).
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The flow depth of the design event should be evaluated using Manning's equation for
the swale type used (parabolic, trapezoidal, or V-shaped). The design requirement is
that the swales convey the design discharge while maintaining a 0.5-foot freeboard and
without exceeding the maximum permissible velocity.

If driveways or roads cross the swale, the capacity of the culvert crossing the road or
driveway may determine the depth of flow for the design event. In these instances, the
culverts should be checked to establish that the backwater elevation does not exceed the
banks of the swale. If the culvert discharges to a minimum tailwater condition, the exit
velocity for the culvert should be evaluated for design conditions. If the maximum
permissible velocity is exceeded at the culvert outlet, riprap or another measure to
prevent scour must be used.

14.3.5. Plant and Landscape Requirements

Landscape design is based on specific site, soils, and hydric conditions along the
channel. A dense grass cover is the best vegetation to maximize the performance of a
grass swale.

Standard turf grasses may be used if a lawn appearance is desired. The turf grasses
include standard mixtures such as those recommended in the DENR Erosion and
Sediment Control Planning and Design Manual and the recommended vegetation tables in
Section 6 of this document. The recommendation is to use taller growing grasses to
improve the filtering capability of the swale. Bluegrass should be avoided for areas
where salt loading is high.

Soil with a high infiltration rate is typically most appropriate for grassed swale BMPs.
Topsoil should be suitable for healthy turf growth. Where the existing soil is unsuitable
for growth (such as clayey or rocky soil), applying about 12 inches of loamy or sandy
soil is beneficial.

14.3.6. Ponding and Infiltration

Ponding can be beneficial if intended and accepted, or it can be a negative if unintended.
If unintended and not designed for, extended periods of standing water may result in
nuisance conditions and create complaints from residents. Mosquitoes are typically the
biggest concern, however, they should generally not be a problem because of the
frequent flushing of the ponded water, and if wetland vegetation develops, mosquito
predators such as other insects and birds often mitigate the mosquito problem. If
wetland vegetation and standing water are persistent concerns, these problems can be
reduced by maintaining more uniform, steeper slopes in the swale invert or by installing
underdrains.

If temporary retention of small amounts of water is desired for enhanced treatment of
the stormwater and ecological and visual diversity, there are many ways to achieve that
goal. The paragraphs below discuss several methods for retaining water or otherwise
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modifying the typical swale hydrology. The retained water will infiltrate, be lost
through evapotranspiration, or slowly released downstream. It should be noted that the
maximum allowable ponding time within a channel is 48 hours and an underdrain
system must be provided if that requirement cannot be met.

Check Darns
A check dam is constructed of earth, stone, or timber 3 to 6 inches high to retain runoff
from routine events. A weep hole may be added to enable the area behind an earthen or
timber dam to drain slowly. However, the weep hole may be subject to clogging. Shorter
check dams can act as level spreaders to help distribute the flow along the swale's cross
section. See Figure 14-6.

Elevated Drop Inlets
A drop inlet can be used when a combined system of swales and storm sewers is being
used. The swales would serve as the collector system, and the inlet into the main storm
sewer system would be elevated slightly to retain runoff from routine events. The height
of elevation would depend on the soil, the slope of the swale, and the tolerance for
ponding. Wetland vegetation may develop in the ponded areas if the underlying soils
are poorly drained.

Elevated Culverts
Elevated culverts are used for the same purpose as check dams and elevated drop inlets,
to retain runoff from routine events. As with elevated drop inlets, wetland vegetation
may develop in the ponded areas if the underlying soils are poorly drained.

Depression storage
Small depressions along the bottom of the swale will trap and store stormwater for later
infiltration into the soils. These depressions will also likely accumulate sediment at a
quicker pace than other parts of the swale, and will also probably develop wetland
vegetation.
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Figure 14-7
Schematic of Grassed Swale with Check Dam (from NIPC, 1993 and Schueler, 1987)*.

Swale Slopes
as Close to
Zero as Drainage
Will Permit; <2%

Optional Railroad Tie
Check-dam
(Increases Infiltration)

Weep Hole
Stone Prevents
Downstream Scour

*Side slopes must be 5:1 or less to attain water quality credit

Underdrains
Underdrains can enhance the performance of swales by providing additional filtration
through soil similar to the process that takes place in bioretention facilities. These
"bioretention" swales have a layer of engineered soil underlain by a gravel layer
surrounding a perforated pipe. This configuration also reduces ponding time where
standing water may be a concern. No additional removal credit is given for the addition
of underdrains. If a system is designed with an underdrain and operates similar to a
bioretention system and higher removal rates are desired, the system must meet the
requirements of a bioretention BMP as described in Section 8.

14.4. Construction

To maximize the infiltration capacity of the swale, compaction of the soil underlying the
swale should be avoided. For example, equipment for excavating or grading should
operate from the side of the swale instead of the bottom of the swale.

Before vegetation is established in a swale, the swale is particularly vulnerable to scour
and erosion. Therefore, protecting the seedbed with a temporary erosion-resistant lining,
such as a geosynthetic, fiberglass roving, or other suitable erosion controls is generally
necessary. Most vendors Will furnish information about the Manning's coefficient, n,
and will also specify the maximum permissible velocity or allowable unit tractive force
(also referred to as the "tractive stress") for the lining material. Swales should be
constructed and vegetated early in the construction schedule, preferably before area
grading and paving increase the rate of runoff.
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Temporary erosion-resistant channel linings should be used to stabilize the swale until
the vegetation becomes established. The vendor's instructions for installing channel
linings should be followed. If velocities will be high, designers should consider sodding
the swale or diverting runoff until vegetation is established.

14.5. Maintenance

14.5.1. Common Maintenance Issues

Maintenance of grassed swales involves grooming the vegetation and occasionally
removing trash. If native vegetation is used instead of turf, vegetation has to be mowed
only seasonally to retard the growth of woody vegetation. Routine mowing is required if
turf grasses are used. The recommendation is that grass be cut no lower than 5 inches. In
addition, the grass should be allowed to grow to the maximum height consistent with
the species and aesthetic requirements. Swales populated with wetland vegetation or
other low-maintenance ground cover do not require mowing of the channel. The
frequency of trash removal depends on the location and attractiveness of the swale as a
disposal site.

Excessive sediment should not accumulate if erosion is controlled adequately upstream.
However, if excessive siltation occurs, the sediment must be removed periodically (no
less than once annually). Sediment that accumulates in the swale may be prone to
resuspension during large storm events and can kill the grass. Sediment should be
removed when it reaches a depth of 4 inches or when it covers the grass.

Additional annual maintenance activities are as follows:
- Repair erosion and regrade the swale to ensure that runoff flows evenly in a

thin sheet through the swale.
- Revegetate the swale as needed to maintain a dense growth.

14.5.2. Sample Inspection and Maintenance Provisions

Important maintenance procedures:
- The drainage area of the grassed swale will be carefully managed to reduce the

sediment load to the grassed swale.
- After the first-time fertilization to establish the grass in the swale, fertilizer will

not be applied to the grassed swale.

The grassed swale will be inspected once a quarter. Records of inspection and
maintenance will be kept in a known set location and will be available upon request.

Inspection activities shall be performed as follows. Any problems that are found shall
be repaired immediately.
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Table 14-3
Sample Inspection and Maintenance Provisions

BMP element: Potential problems: How to remediate the problem:
The entire length of the Trash/debris is present. Remove the trash/debris.
swale

Areas of bare soil and/or Regrade the soil if necessary to
erosive gullies have formed. remove the gully, and then re-sod

(or plant with other appropriate
species) and water until established.
Provide lime and a one-time
fertilizer application.

Sediment covers the grass at Remove sediment and dispose in an
the bottom of the swale. area that will not impact streams or

BMPs. Re-sod if necessary.
Vegetation is too short or too Maintain vegetation at a height of
long. approximately six inches.

The receiving water Erosion or other signs of Contact the NC Division of Water
damage have occurred at the Quality 401 Oversight Unit at 919-
outlet. 733-1786.

Grassed Swale 14-17 July 2007



NCDENR Stormwater BMP Manual Chapter Revised: 09-28-07

September 28, 2007 Changes:
1. Major Design Elements and Table 14-1:

i. Reformatted to include numbered requirements.
ii. All swales:

1. Removed reference to the Simple Method. Treatment volume will be
calculated as stated in Section 3.

2. Removed the requirement for all swales to have 1-ft minimum distance from
the bottom of the swale to the seasonably high water table (SHWT). This is
now only a requirement for curb outlet systems and conveyance swales
seeking credit.

iii. Curb outlet systems:
1. Removed the per acre requirement from the following sentence, "Swale

length will be 100 ft/acre drainage."
2. Specified the following requirement as an Administrative Code requirement,

"The maximum velocity shall be as specified in the NC Erosion and
Sediment Control Manual (and replicated in this document, Table 14-2)," per
15A NCAC 02H. 1008(g)(1).

3. Added the requirement to have 1-ft minimum distance from the bottom of the
swale to the seasonably high water table (SHWT).

iv. Conveyance swales seeking credit:
1. Removed the per acre requirement from the following sentence, "Swale

length will be 150 ft/acre drainage."
2. Specified that the maximum velocity shall be calculated from the 10 year 24

hour storm.
3. Added the requirement to have 1-ft minimum distance from the bottom of the

swale to the seasonably high water table (SHWT).
v. Conveyance swales not seeking credit:

1. Removed the swale length requirement.
2. Specified the following requirement as an Administrative Code requirement,

"Side slopes shall be no steeper than 3:1, " per 15A NCAC 02H .1008(c)(2).
2. 14.3.2: Included exclusion for the 1 ft to the SHWT requirement for swales not seeking

pollutant removal credit.
3. 14.3.4: Removed the reference to the Simple Method. The volume shall be calculated as

specified in Section 3.
4. 14.3.5: Removed references to wetland plantings.
5. Table 14-2 (Note: Track changes are not visible in this table):' Added a missing

reference to a footnote. Corrected footnote 3, which had been cut-off. Updated this table
to match the changed requirements in the Major Design Elements section.

6. Table 14-3: Labeled (previously unlabeled).
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15. Restored Riparian Buffer

Description
Restored riparian buffers are natural or constructed low-maintenance ecosystems adjacent to
surface water bodies, where trees, grasses, shrubs, and herbaceous plants function as a filter to
remove pollutants from overland stormwater flow and shallow groundwater flow prior to
discharge to receiving waters.

Regulatory Credits Feasibility Considerations
Pollutant Removal

60% Total Suspended Solids Med Land Requirement
30% Total Nitrogen Med Cost of Construction
35% Total Phosphorus Low Maintenance Burden

Water Quantity Low Treatable Basin Size

no Peak Flow Attenuation High Possible Site Constraints

no Volume Capture High Community Acceptance

Advantages Disadvantages
- Offers numerous aesthetic and passive - Sometimes seen as unkempt public areas.

recreational benefits. - Can be perceived as interfering with
- Provides water quality treatment, views of streams, especially with

erosion control, and water temperature shrubby bank-side vegetation.
benefits. - In the worst cases, can be abused as

- Maintaining trails that are constructed, places for dumping trash and litter.
marked, and signed well can build
support for greenways within riparian
buffers in urban and suburban
watersheds.

Major Design Elements

Required by the NC Administrative Rules of the Envlronmental-Management;-
Commission. Other specifications maV be necessa r to m( ttate

requirements.-

1 Sizing shall take into account all runoff at ultimate build-out including off-site drainage.

2 BMP shall be located in a recorded drainage easement with a recorded access easement to
a public ROW.
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Major Design Elements (Continued)

Required by DWQ policy. These are based on available research, and represent what DWQ
considers necessary to achieve the stated removal efficiencies.

The buffer must be constructed directly adjacent to a perennial or intermittent surface
3 water as shown on the most recent NRCS Soil Survey or the USGS 1:24,000 scale (7.5

minute) quadrangle topographic map.

The existing riparian buffer must be "impaired." An "impaired" riparian buffer includes:
fields and pastures that have been actively used within the last 3 years, and wooded

4 buffers that have been cutover within the last 5 years or where the woody vegetation is
absent or sparse (less than 100 stems per acre that are greater than 5 inches diameter at
breast height).

The restored riparian buffer must be used only when the flow to the level spreader is less
5 than 3 cfs. This flow could be coming directly from the drainage area during the one inch

per hour storm or the drawdown flow from another BMP.

6 Level spreaders (designed in accordance with Chapter 8 of this Manual) are required if it
cannot be proven that the stormwater entering the riparian buffer is sheet flow.

The width shall be 50 feet, which must be divided into two zones. The 30 feet closest to
the stream (Zone 1) must be wooded and the outer 20 feet (Zone 2) must be grassed.

The buffer must be a minimum of 13 feet and a maximum of 130 feet in length, and is set
by the level spreader length requirements.

9 lThe slope of a riparian buffer must not be greater than 6%.

15.1. General Characteristics and Purpose

Riparian buffers are natural vegetated areas along a streambank (see Figure 15-1). They
improve riparian habitat by:

- Providing food and cover for wildlife and aquatic organisms,
- Stabilizing stream banks,
- Filtering pollutants from stormwater,
- Attenuating the rate of runoff into streams, and
- Increasing infiltration and recharge to groundwater and surface water bodies.
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Figure 15-1
Forested Riparian Buffer with Well-Developed Streambank Vegetation.

15.2. Meeting Regulatory Requirements

To receive the pollutant removal rates listed in the front of this Section, the restored
riparian buffer must meet all of the major design requirements listed in the beginning of
this Section. If restored riparian buffer will not meet the regulatory requirements of the
site by itself, other BMPs can be used in conjunction to provide enhanced pollution
removal rates or volume control capabilities.

Pollutant Removal Calculations
A properly sited, designed, constructed and maintained restored riparian buffers has the
following associated pollutant removal rates:

- 60% Total Suspended Solids

- 30% Total Nitrogen
- 35% Total Phosphorus

Construction of a restored riparian buffer also passively lowers nutrient loading since it
is counted as pervious surface when calculating nutrient loading.

Volume Control Calculations
A restored riparian buffer typically does not provide any active volume capture or peak
flow attenuation. A restored riparian buffer provides some passive volume control
capabilities by providing pervious surface and therefore reducing the total runoff
volume to be controlled.

Restored Riparian Buffer 15-3 October 2006



NCDENR Stormwater BMP Manual Chapter Revised: 09-28-07

15.3. Design

15.3.1. Siting Requirements

All of the following siting requirements must be met in order for a restored riparian
buffer to be constructed and receive the stated pollutant removal efficiencies:

1. They may only be constructed directly adjacent to a perennial or intermittent
surface water. A perennial or intermittent surface water is considered to be
present if the feature is approximately shown on either the most recent version of
the Soil Survey Map prepared by the Natural Resources Conservation Service of
the United States Department of Agriculture or the most recent version of the
1:24,000 scale (7.5 minute) quadrangle topographic maps prepared by the United
States Geologic Survey (USGS).

2. The existing riparian buffer must be "impaired." An "impaired" riparian buffer
includes: fields and pastures that have been actively used within the last 3 years,
and wooded buffers that have been cutover within the last 5 years or where the
woody vegetation is absent or sparse (less than 100 stems per acre that are
greater than 5 inches diameter at breast height).

3. The slope of the riparian buffer must not be greater than 6 percent.

4. The restored riparian buffer must be used only when the flow to the level
spreader is less than 3 cfs. This flow could be coming directly from the drainage
area during the one inch per hour storm or the drawdown flow from another
BMP.

All restored riparian buffers must be placed in permanent easement so it will not later be
decreased or removed from the site.

15.3.2. Length and Width

The restored riparian buffer must a total of 50 feet in width and it must be composed of
a zone of grass (20 feet wide) and a zone of forest vegetation (30 feet wide) as described
in Section 15.3.3 below.

The length of level spreader is determined by calculating the weighted average of the
lengths required for each vegetation type as shown below.

(20/50) x (13 ft/lcfs) + (30/50) x (65 ft/1 cfs) = 44.2 or 44 feet per cfs of flow

Since the maximum length of a level spreader is 130 feet, this means that each restored
riparian buffer is able to treat 3 cfs of flow. The level spreader may be designed to treat
the one inch per hour storm with a bypass channel or the 10-year, 24-hour storm without
a bypass channel. See chapter 8 for information about properly designing level
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spreaders. A restored riparian buffer will not receive approval from DWQ unless it is
accompanied by a properly designed level spreader or it is proven that the flow entering
the restored riparian buffer is already diffuse.

Figure 15-2
Restored Riparian Buffer Diagram

Level
Spreader

Length of Buffer =
30' to 130'

depending on Zone 1 = 20'
the length of

level spreader
needed

Required width = 50'

Designers have the option of placing two or more restored riparian buffers adjacent to
one another along a stream channel in order to treat higher flows of stormwater.
Restored riparian buffers can be used downslope of a detention/retention BMP, which
will attenuate the flow from a larger drainage area and allow the drawdown flow to
receive additional treatment without overwhelming the level spreader and restored
riparian buffer.

15.3.3. Two-Zone Riparian Buffer System

Restored riparian buffers must be 50 feet wide and include two zones of vegetation.
Zone 1 starts from the top of bank for streams (and from mean high water for other
waterbodies) and extends landward a distance of 30 feet perpendicular to the stream.
Zone 1 consists primarily of wooded vegetation that may not be disturbed except for
removal of nuisance vegetation (see Section 15.3.6). Zone 2 extends a minimum of 20
additional feet beyond Zone 1. Zone 2 is intended to diffuse and infiltrate runoff and
filtering of pollutants. It may be grassed, and other vegetation and periodic
maintenance are allowed.
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Figure 15-3
Two Zone Buffer (modified from Lowrance et al., 1995)
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15.3.4. Site Assessment

The riparian area to be restored should be evaluated with respect to these factors that
control the viability of riparian plants:

- Soil moisture
- Soil pH
- Soil texture
- Seasonal high water table depth
- Flooding potential
- Aspect, topography, and microtopographic relief

15.3.5. Zone 1 Planting Requirements

Based on the site assessment, the designer should choose 10-12 species of native trees
and shrubs appropriate for site based on site assessment and reference conditions.
Typically, there should be at least three or four understory trees for every canopy tree to
provide structural diversity similar to mature forests. Where shrub species are
incorporated into the planting plan, they should be distributed more densely at outer
edge of riparian buffer to reduce light penetration and recolonization by invasive exotic
species.

Please refer to Table 15-1 below for plant lists broken down by plant type,
physiographic region, and hydrologic zone. Most plants for the buffer should be
compatible with Zone 4, Upland Area, with some plants, depending on the site, from
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Zone 3, Shallow Land. Please note that these lists are alphabetical and do not take into
account the assemblages of plants found in nature.

Trees should be planted approximately at a density sufficient to provide 320 trees per
acre and shrubs should be planted at a spacing to provide 1,200 shrubs per acre. To
achieve this density, trees should be planted at a spacing of 8x8 to 10x10 feet. Shrubs
should be planted at a spacing of 3x3 to 5x5 feet.

The minimum size for trees that are planted in the restored riparian buffer is 2.5 inches
dbh (diameter breast height). Trees should be bare root or balled and burlapped (not
containerized stock). The minimum size for shrubs planted in the restored riparian
buffer is a one-gallon container.
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Table 15-1
Planting List for Zone 1 (Ecosystem Enhancement Program 2004)

Native Regionis
j\A Qlouotairls

P= P!ednmont,

C Cat= lr

Light Requirements
S= Sbacie
P= Pat 5f

F= FJI1 Sun

Moisture Requirements

L= Lowh NAoiStUre

A= Acluatic

MI P IC 151 I FI L IMIH JA
Medium to L"g. Tmems
Acer barbatum Southern sugar maple X X X X X
Acer sac.hannum stv maple X X X X X
Acer saccharum sugar maple X X X X

ýetlId alleghatwensis yellow brch X X X X
fteua lenta cherry t~rch, sweet brch X X X X

etula nigra rver bsch X XX X X X X
Carya aquatica water hickory X X X X
Carya cordtfornrms bittemut hickory X X X X X X XX
Carya gkaba pignut hickory X X X X X X X X
Carya ovata shagbark hickory X X X X X X Xx
Caryatomenmosa mockemuthickory X x X X X X X X -

Celts leevgata sugarberry. hackberry X x X X X
Chamaecypafis thyovces Atantic white cedar X X X X X
Cladrashs kentuc*ea yellowwood X X X X
Diospyros virgimana pers•nwor X X X X X X
Fagus gran*ftwia Amercan beech X X X X X X
Fraxinus americana while ash A X X X X X
Fraxinus pennsý'~nica green ash XAX x XX X X
Fraxinus profunda pumpkin ash, red ash X X X x
Juglans ngra black wanut x X X X X X
Lifiodendron tMlpfera tulip poplar, yellow poplar X X X X X X X
Magnolia acuminata cucumber magnolia X X X X X
Magnolia frasen Fraser magnolia X X X
Nyssa aquatica water tupelo I x X X X X X
Nyssasyl•vtica black gum x X x X X X X X
Alyssa syaetica var bflora swamp black gum X X X X X
Oxydendrumarboreum somrwood X X x X X
Thcea rubens red spruce x x x X x
PAnus echinara sfr'tleaf pine X X A - X -

Ahnus palustfis Iongleafpine - X X -

PTnus rigda pitch pine X X X
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Pnus Sero, & pond pine X- X X X

Pinussftobus whitepine X XI X X X
PIWtanus occidentafs sycanmre XXX X X X X
Popu/us deltoides eastern cottonwood X X- - - X I
Popu/us hetemphylla swamp cottonwood x x x x -

Pninus serotina black cherty X XX X XX X X
Quercusafba whiteoak X XX X X X -

Quercusbkcobor swamp white oak X X X I X
Quercus coccna scarlet oak X X X X X
Quercusfakceta Soudenredoak X XX X X X X
Quercuspagoda cherrybark oak XX XX X Xl
QerWslaunfo/ia laurel oak X X XX X X
QuerCus lyrata overcup oak X X X X X
Quer= nmargarette sandpostoak X X X X
Qurcus marnandica black jack oak X X X X X X
Quercus rndchauxii swamp chestnut oak X X X X X X X
Quercus rgra water oak X X X X X X X
Quercusphe#os wilow oak X X X X X X XX
Quercus pnnus chestnut oak XX X X X
Quercus rubra Nortern red oak X X X X X X

Quercus shunardft shu. d oak XX X X X X
Quercus sleasta post oak X X XX X X I
Quercus velufhna black oak X X X X X X
Querws qrginsa live oak X X X X
Robinia pseudoacacia black locust X X X- X -x
Taxocium ascendens pond-cypress x X X X
Taxodiun dis"chum bald-cypress X X X X
Tda amercana vat heterophyfta basswood XX X X X
Tsuga canadensis Eastern hemnlock X X- X-- -x
Tsuga caro•uiiana Carolina hemlock X X I X X X
U/mus aata winged elm X X X X XX Xx
ULmus amencana Ame•can elm X X X X X X

Small T____

Amexanchber arborea downy serviceberry, shadbush X x X X X X
Amelanchier canadensis Canada serviceberry X X X X
Amelanchber leevis smooth serviceberry X I X X X X
Asunaw trdoba pawpaw X x X X X X
Carpinus caro/iniana ironwood, Amrican hobeam X X X XXX - X X-

Cercis canadensis eastern redbud X X X X X X
Chonanthus virgini'cus white frxjetree, old man's beard X X X- -X x
Comus aftemifoha alternate-leaf dogwood X X X X
Cornusflorida floweringdogwood X XX X X X X
Cratewmus crus-gwi cockspurhawthorn X X X X X X X
Crateagus flabeflsta fanleaf hawthorn X X I -- X
Crateagus flava October haw X X X- X X X
Cyriila racemihora titi X X X X X
Fraxinus carotmnana water ash X X X X
Gordonia lasianthus loblolly bay X X X X X X

Restored Riparian Buffer 15-9 October 2006



NCDENR Stormwater BMP Manual Chapter Revised: 09-28-07

M PIC S P F LMH A
Waiessa tetraplera (H. caroitna) common silverbeil X X- X X X

lex opace Amnericanlholly XX X X X X X X
Jumperus gimniana Eastern red cedar X X X X X X 7
Magnoia tnpetala umbrela tree X X x X
Magnolia vwirgane sweettay magnolia X X X X X X X
Mowus rubre red mulberry X X X X X X
Osmanthus amercana mid olrve, devilwood X X X X
Ostrya wrginiana Eastern hop-hormbeam X X - X X X
Persea borboma red bay X X X X X X
Persea palustas swamp bay X xxI X X X
Pinus pungens table mountain pine X X X-
Prunus americana American Wid plum X X X X
Prunus carokniana Carolina laurel-cherry X X X X X
Quercus incana bluejack oak X X X X -

Quercus Jaevis turkey oak X X X X -

Rhusglabra smooth sumac X X X X X
Rhus hirta (Rhus typhina) staghom sumac X X X
Salix caroliniana swamp wil~ow X XX X X X X
Safix nigra black willow X X X X X X X
Sassafras albidum sassafras X X X X X X X
Staphyea trffolia bladdernut X I X I I X X
Symplocos t:fictona horse-sugar, sweetleaf X X X X X I X X
Uimus rubra slippery e4m XX X X X

Aesculus sytvatca painted buckeye X X X X X
Alnusserrulata" commonalder XIX X X X X X
Aroniaarbutfolia red chokeberry X X X X X -I X X -

Baccharis hahmmfofia sdverling X X I X X X X
Ca.licarpa amercana American beautyberry X X X X X I X
Calycanthus flondus sweet-shrub X X X X X
Castanea pumita Alegheny chinkapin X X X X X X X
Ceanothus amencanus New Jersey tea X X IX X X x
Cephalanthus cidentahs buttonbush X X X X X X
Ciethra acuminata mountain sweet pepperbush X X X X
Ciethra alnifolia sweet pepperbush X X X X X
Comptonla pefegnne sweet fern X X X X
Comus amomum silky dogwood X X X X X X X
Comus stricta swamp dogwood X X X X
Corytus americana American hazel, hazelnut X X X X X
Euonymus amaencanus hearts-a-bustn'. strawberry bush x X X X x x X
Fotherg•tl gardenk witch-ader X X X X
Gayfussacia frondosa dangleberry X X X X X X
Hamamelis virginiana witch hazel X X X X X X X
Hydrangeaarborescens wid hydrangea X X X X X
fIexcofiacee galiberry X X X X X
flex decidua deciduous holly, possumhaw X X X X X
flex glabra inkberry - Z X X X X - X X
1Iex verteictata winterberry X X X X X X X X
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Hex vomitona yaupor holy X X X X X
fteaS rgWn4 'iaa willaow X X X X X
Kolmja angustffoha vat carolniana lamb-k1ll. sheep-kil- X X X X X

Kalmja latfofia mountar laurel X X X X X X

Leucothoe axillans coastal dog-hobbe X X X X

Leucothoe fontanesiana dog-hobble X X X
Leucothoe racemosa fetterbush X X X X X X
Lndera benzomn soicebush X X X X

Lyonaa t~usmna northern maleberry X X X X X X

Lyonla laCida shiining fetterbush X X X X

Mynca cerffera* Southern wax-myrte X X X X X X X X

Mynrcaeerffera vat pureia' dwarf Southern wax-myrte X X x X X

Myfica heterophyfla bayberry, evergreen bayberry X X X X
Pter7S flonbuncia evergreen mountain fetterbush x X X X
Rhododendron atlanticum dwarf azalea X x x

Rhododendron calendulaceum flame azalea X X X X

Rhododendron catawbiense Catawba rhododendron X X X x X X X
Rhododendron maximum rosebay rhododendron X X X - X x

Rhodooendron periciymenoides pinxter flower. wild azalea X X X X X X

Rhodooendron viscosum swamp azalea X X X X X x
Rhus coaplfina winged sumac X X X X x X X

Rosa caroina pasture rose. Carolina rose X x x X x x x

Rosa palustris swamp rose X X x X -x
Rubus alegheniensis A leghany blackberry x X X X
Rubus cunetfoiius blackberry X x X X x x

Rubus odoratus purple fowenng raspberry x - X

Salix humiis prairie willow x x X X
Safix sencea silky wilow X x x X x x
Sambucus canadensis common elderberry x X X X X x

SpIraea alba narrow-leaved meadowsweet x X x
Spiraea atftioa broad-leaved meadowswee- x x x
Spmraea tomentosa meadowsweet x X X x x x

Stewartia malacodendron siky camelia X X X X
Stewartia ovate mountain camellia X N X X

Styrax grandifo.la bigleaf snowbell X X X x X
Vacctnium arboreum spark eberry - X x x x x
Vaccnjium corymbosum highbush b ueberry x X X X X 7 X X
Vacc:njum crasstfobum creepng blueberry X X
Vaccinjum elitorl mayberry -X X X

Vaccinhum stamineum deerberry, gooseberry X x x x X x

Vaccmnium paflmdum lowbush blueberry X x X X
Viburnum acenfobum maple-taf viburnum X X X -X I x-

Viburnum dentatum Southern arrowwood vbumum X X X X X X

Viburnum nudum possumhaw viburnum X X X X x X
Viburnum prunifohum blackhaw viburnum x X X X x X
Viburnum rahnesquianum downy arrowwood X X x

Viburnum rufidufum rusty blackhaw X x x X N
Xanthorhiza smpf!icssima yellowroot X X XX - X -- m
x Thcefie nipo-gen and should nor be used.for otparian revoraaion adjacentro urtrient Sensirne Warer
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15.3.6. Zone 2 Planting Requirements

Zone 2 must be planted as a dense cover of grasses. Fescue and bluegrass should not be
used because they are invasive species and will compete with native vegetation for
nutrients. Do not work under frozen, muddy or saturated conditions. There are a
number of acceptable ways to establish grass in Zone 2.

Centipede and Zoysia grasses should be planted in mid-May until late August. If
Centipede is being planted, it is ideal to use sod. If plugs are used, they should be 6-12"
apart (closer to a 6-inch separation for Zoysia since it doesn't spread as well as
Centipede), in a grid or checkerboard pattern. Plugs should be placed at a depth of one
inch.

15.4. Construction

Buffer restoration may include stabilization of the stream channel, site preparation, and
planting the vegetation. Streambank stabilization involves a combination of vegetative
and structural techniques. Vegetative techniques create a natural appearance and
provide habitat to aquatic organisms and wildlife. These options include live stakes, tree
revetments, live fascines, and brush mattresses. Other features such as boulders, logs,
sandbags, or gabions can be combined for additional stability. Structural measures such
as riprap and concrete structures are not as desirable but may be needed in some
situations to protect infrastructure such as roads and buildings. If streambank
stabilization is proposed as part of the project, please contact the North Carolina
Division of Water Quality 401 Unit for permitting information at (919) 733-1786.

After the streambank has been stabilized, site preparation, including treatment of
existing vegetation and soil preparation, is usually required before planting begins. The
degree of site preparation needed depends on the existing vegetation and whether the
site is being completely redone or if the existing buffer is merely being "enhanced".
They may require mechanical and chemical treatment (proposals for pesticide use
should always be reviewed by the North Carolina Division of Water Quality staff to
insure compliance with the Neuse and Tar-Pamlico Riparian Buffer Rules). In addition
to controlling invasive species, sod-forming grasses such as fescue and Kentucky
bluegrass that will compete with plantings for nutrients need to be controlled.

Soil disturbance within the buffer should be minimized (preferably done by hand).
Operation of land disturbing equipment within the buffer should be limited to light
machinery. If complete reconstruction is being performed, the site should be plowed or
ripped to improve compacted soil and/or eliminate areas where channelized flow has
developed. After soil disturbance activities, areas of bare soil must be stabilized as
quickly as possible using the grass species listed in Table 15-2. Please note that fescue
grasses should not be used for soil stabilization. Fescue grasses, particularly tall fescue,
are competitive and will inhibit the eventual re-establishment of native species.
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When planting seedlings, it is helpful to mark the plants with colored flagging to make
them easier to locate during maintenance tasks. The flagging can also be color-coded to
mark plants that have died for replacement at a later date.

Tree protectors are also helpful for locating plants. Tree seedlings should be kept moist
and should not be exposed for extended periods of time. A correctly planted tree should
have the following general characteristics:

- Planted so that the root collar is slightly below the soil surface.
- Have the main roots nearly straight or spread out.
- Have soil firm around the roots.
- Have the tree in an upright position and have it nearly even with the general

ground level, not sunk in a hole or raised on a mound.

When planting in Zone 2, scarify native soil to a minimum depth of 4". If required, add
additional imported topsoil. All areas for sodding or grass plugs shall be raked to a
uniformly fine texture. Moisten prepared lawn areas before planting if soil is dry.
Water thoroughly and allow surfaces to dry before planting.

Please note that the Neuse and Tar-Pamlico Riparian Buffer Rules allow for a one-time
fertilizer application to establish newly planted vegetation. Ongoing fertilizer
application is prohibited.

15.5. Maintenance

15.5.1. Common Maintenance Issues

Riparian buffers require maintenance to fill gullies, remove weeds, repair streambank
erosion, and protect against wildlife damage and insect and disease problems.
Maintenance must be carried out with minimal impact in Zone 1.

Removal of natural leaf litter from the buffer is strongly discouraged. Where this natural
material is not present, organic mulch such as wood chips, tree bark, and pine needles
should be maintained at a minimum depth of 2 inches over the entire buffer.

Watering may be necessary in the initial year or during periods of drought, especially if
bare root material is installed. Some seedling mortality is expected but replanting may
be necessary to maintain the stand density.

After the trees are established, periodic thinning and harvesting of mature trees is
recommended to maintain health and growth. Thinning of trees within the buffer can be
allowed provided that the minimum tree density requirement specified above is fulfilled
and no trees larger than 2-inch diameter are removed except when dead or diseased.
The thinning of vines and thick undergrowth to provide a better view or a more
aesthetically pleasing natural landscape is allowed.
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On-going maintenance activities include selective cutting, replanting to maintain forest
structure, and weed control. Fertilization and liming are recommended during plant
establishment. Long term fertilization and chemical weed control, however, should not
be necessary if the proper vegetation has been selected, and in some cases is not allowed
by regulations.

In the early stages of riparian buffer establishment, competition for nutrients by adjacent
grasses and herbs will substantially inhibit seedling growth. Release from herbaceous
competition has been demonstrated as the most cost-effective method to accelerate the
growth of seedlings. The plan for buffer establishment should incorporate control of the
herbaceous layer. Options for weed control include four to six inches of well-aged
hardwood mulch, weed control fabrics, or pre-emergent herbicide. Typically, mowing to
control weeds will be impractical based on the random distribution of plantings. Weed
control should be continued for three years from the time of planting, at which time it
should be somewhat self-controlling.

It is also necessary to control of invasive, exotic plants that would hinder the re-
establishment of woody vegetation. Division of Water Quality staff should review
proposals for pesticide use within the Neuse and Tar-Pamlico Riparian Buffer Rules if
applicable. Common invasive plants for North Carolina are listed in Table 15-2.

Table 15-2
Common Invasive Plants (Ecosystem Enhancement Program 2004)

Scientific Name Common Name
A ilanthus altissima Tree-of-Heaven
Albiziajulibrissin Mimosa
Elaeagnus umbellata Autumn Olive
Hedera helix English Ivy
Lespedeza cuneata Korean or Sericea Lespedeza
Ligustrum sinense Chinese Privet
Loniserajaponica Japanese Honeysuckle
Microstegium vimineum Japanese Grass
Paulownia tomentosa Princess Tree
Pueraria lobata Kudzu
Rosa multiflora Multiflora Rose
Wisteria sinensis Chinese Wisteria

If the streambank structure is not maintained by riparian vegetation, then additional
measures should be used such as live staking, intercepting runoff before it enters the
riparian forested buffer, or using stabilization techniques.

In suburban and urban areas, maintenance personnel may require additional training to
ensure that riparian buffers are not reduced by aggressive mowing, pruning, or
herbicide regimes.
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15.5.2. Sample Inspection and Maintenance Provisions

Important maintenance procedures:

- Immediately after the restored riparian buffer is established, any newly planted
vegetation will be watered twice weekly if needed until the plants become
established (commonly six weeks).

- Once a year, Zone 2 will be reseeded to maintain a dense growth of vegetation

- Stable groundcover will be maintained in the drainage area to reduce the
sediment load to the restored riparian buffer.

- Two to three times a year, Zone 2 will be mowed and the clippings harvested to

promote the growth of thick vegetation with optimum pollutant removal
efficiency. Turf grass should not be cut shorter than 3 to 5 inches and may be
allowed to grow as tall as 12 inches depending on aesthetic requirements (NIPC,
1993)..

- Once a year, the soil in Zone 2 will be aerated if necessary.

- Once a year, soil pH will be tested and lime will be added if necessary.

After the restored riparian buffer is established, it will be inspected quarterly and
within 24 hours after every storm event greater than 1.0 inch (or 1.5 inches if in a
Coastal County). Records of inspection and maintenance will be kept in a known set
location and will be available upon request.

Inspection activities shall be performed as follows. Any problems that are found shall
be repaired immediately.

Table 15-3
Sample Inspection and Maintenance Provisions for Restored Riparian Buffers

BMP element: Potential problem: How to remediate the problem:
The entire filter strip Trash/ debris is present. Remove the trash/debris.
system
The flow splitter device The flow splitter device is Unclog the conveyance and dispose
(if applicable) clogged, of any sediment off-site.

The flow splitter device is Make any necessary repairs or
damaged. replace if damage is too large for

repair.
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Table 15-3, continued
Sample Inspection and Maintenance Provisions for Restored Riparian Buffers

The swale and the level
lip

The swale is clogged with
sediment.

Remove the sediment and dispose
of it off-site.

The level lip is cracked, Repair or replace lip.
settled, undercut, eroded or
otherwise damaged.
There is erosion around the Regrade the soil to create a berm
end of the level spreader that that is higher than the level lip, and
shows stormwater has then plant a ground cover and
bypassed it. water until it is established. Provide

lime and a one-time fertilizer
application.

Trees or shrubs have begun
to grow on the swale or just
downslope of the level lip.

Remove them.

The bypass channel Areas of bare soil and/or Regrade the soil if necessary to

erosive gullies have formed, remove the gully, and then
reestablish proper erosion control.

Turf reinforcement is Study the site to see if a larger
damaged or ripap is rolling bypass channel is needed (enlarge if
downhill. necessary). After this, reestablish

the erosion control material.
The filter strip Grass is too short or too long Maintain grass at a height of

(if applicable), approximately three to six inches.

Areas of bare soil and/or Regrade the soil if necessary to
erosive gullies have formed, remove the gully, and then plant a

ground cover and water until it is
established. Provide lime and a

one-time fertilizer application.
Sediment is building up on Remove the sediment and
the filter strip. restabilize the soil with vegetation if

necessary. Provide lime and a one-

time fertilizer application.
Plants are desiccated. Provide additional irrigation and

fertilizer are needed.
Plants are dead, diseased or Determine the source of the
dying. problem: soils, hydrology, disease,

etc. Remedy the problem and
replace plants. Provide a one-time

fertilizer application.
Nuisance vegetation is Remove vegetation by hand if
choking out desirable species. possible. If pesticide is used, do not

allow it to get into the receiving
water.

The receiving water Erosion or other signs of Contact the NC Division of Water

damage have occurred at the Quality 401 Oversight Unit at 919-
outlet. 733-1786.
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September 28, 2007 Changes:
1. Major Design Elements: Reformatted to include numbered requirements.
2. Figure 15-2: Numbered (previously unnumbered)
3. Figure 15-3: Renumbered (previously Figure 15-2)
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16. Infiltration Devices

[ Description
Infiltration devices are trenches or basins that fill with stormwater runoff and allow the water
to exfiltrate, i.e., exit the device by infiltrating into the soil.

Regulatory Credits Feasibility Considerations
Pollutant Removal

85% Total Suspended Solids High Land Requirement
30% Total Nitrogen Med-High Cost of Construction
35% Total Phosphorus Med Maintenance Burden

Water Quantity Small-Med Treatable Basin Size

possible Peak Runoff Attenuation High Possible Site Constraints

possible Runoff Volume Reduction Med-High Community Acceptance

1 Sizing shall take into account all runoff at ultimate build-out including off-site drainage.
-I

2 Side slopes stabilized with vegetation shall be no steeper than 3:1.

3
BMP shall be located in a recorded drainage easement with a recorded access easement to
a public ROW.

4
If the BMP is used for sedimentation and erosion control during construction, it must be
cleaned out and returned to the design state.

5
The design shall be located a minimum of 30 feet from surface waters, and 50 feet from

Class SA waters.

6 The design shall be located a minimum of 100 feet from water supply wells.

7 The bottom shall be a minimum of 2 feet above the seasonal high water table.

8
Volume in excess of the treatment volume, as determined from the design storm, shall
bypass the device.

9
Volume in excess of the treatment volume, as determined from the design storm, shall be
evenly distributed across a minimum 30 feet long vegetated filter strip. (A 50-ft filter is
required in some locations.)

10
The storage volume must completely draw down to the seasonable high water table under
seasonally high water conditions within 5 days.

11
Soils must have a minimum hydraulic conductivity of 0.52 inches per hour to be suitable

for infiltration.

12l1Device must not be sited on fill material.

13
Trenches must be shallower than their largest surface dimension to prevent categorization

as an "injection well."
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14 BMP shall be installed at a 0-0.05% grade (level).

15 BMP shall be located a minimum of 15 feet downgradient of any structure.
16 A single device shall handle a maximum of 2 acre-inches of runoff.

17 The bottom shall min. of 2 feet above any underlying impervious soil horizon or bedrock.

18 BMP shall be used only after entire upstream area has been stabilized.

BMP shall not be used on industrial sites or designated contaminated land uses or
activities such as areas subject to frequent oil or other petroleum contamination.

20 Pretreatment devices must be provided.
21 Trench depths must be between 3 and 8 feet.

22 Minimum of I observation well shall be provided.

Advantages Disadvantages
- Reduce frequency of flooding by - Often fail relatively quickly compared to

increasing the amount of water entering other types of BMPs.
the soil. - Restricted to areas with permeable soils.

- Help recharge groundwater, which - May cause undesirable groundwater
supports dry-weather flows in streams. seepage into basements and foundations

- Particulate pollutant removal efficiencies if not properly sited.
generally as good as other BMPs. - Infiltration of stormwater may

contaminate groundwater.

16.1. General Characteristics and Purpose

"Infiltration," in the context of BMPs, refers to the process of stormwater soaking into
the soil. Infiltration devices enhance percolation to groundwater by directing surface
runoff to locations where it can come into contact with pervious underlying soils and
then detaining that runoff until it can soak into the underlying soil. Infiltration devices
reduce runoff volume, recharge groundwater, and have high removal efficiencies for
sediment and for pollutants adsorbed onto sediment particles. A number of infiltration
devices with differing designs have been used in various locations throughout the
country, and are appropriate in the majority of the coastal counties of North Carolina
and as an alternative practice in other areas with suitable soils.

Infiltration devices transfer more stormwater to the soil than any other type of BMP, and
they more closely mimic the natural hydrology of the area by taking a portion of
concentrated flow and allowing it to infiltrate into the soil. They work best in relatively
small drainage areas and drainage areas that are completely impervious or stable (to
minimize the amount of sediment going to the BMP).
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Infiltration devices are frequently used to infiltrate runoff from adjacent impervious
surfaces, such as parking lots. In these cases, a filter strip should be installed between
the pavement and the device to trap sediment and litter before it is washed into the
device. Another approach is to construct infiltration devices at the downgradient edges
of areas with permeable pavement. In this case, the permeable pavement is the inlet to
the device. Because water also will infiltrate through the base of the pavement, the size
of the infiltration devices can be reduced significantly.

This section discusses two types of infiltration devices: infiltration trenches (see
Figure 16-1) and infiltration basins (see Figure 16-2).

Infiltration Trenches
Infiltration trenches are filled with large crushed stone or other media to create storage
for the stormwater in the voids between the media. Other versions use precast concrete
vaults with open bottoms to provide a large storage volume to hold stormwater for
infiltration into the soil. Infiltration trenches are usually used to manage the runoff from
parking lots and buildings.

Figure 16-1a
Typical Infiltration Trench

(Adapted from Schueler et al., 1992)

Wellcap

Emergency Overflow Berm

Infiltration Devices 16-3 July 2007
Infiltration Devices 16-3 July 2007



NCDENR Stormwater BMP Manual Chapter Revised: 09-28-07

Figure 16-1b
Typical Infiltration Trench: Cross-Section
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Infiltration Basins
Infiltration basins are normally dry basins, much like extended dry detention basins,
with the exception that the stormwater does not flow out into a receiving stream. Rather,
the stormwater is only allowed to infiltrate into the soils and eventually to the
groundwater.

Figure 16-2
Typical Infiltration Basin: Cross-Section
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16.2. Meeting Regulatory Requirements

To obtain a permit to construct an infiltration device in North Carolina, the infiltration
device must meet all of the Regulatory Design Elements listed in the beginning of this
Section.

To receive the pollutant removal rates listed in the front of this Section, the infiltration
device must meet all of the Major Design Elements listed in the beginning of this Section.

Pollutant Removal Calculations
The pollutant removal calculations for infiltration devices are as described in Section 3.8,
and use the pollutant removal rates provided in Table 4-2 in Section 4.0. Construction of
an infiltration device also passively lowers nutrient loading since it is counted as
pervious surface when calculating nutrient loading.

Volume Control Calculations
An infiltration basin typically can be designed with enough storage to provide active
storage control, calculations for which are provided in Section 3.4. Infiltration trenches
may not have enough water storage to meet the volume control requirements of the
particular stormwater program so they may need to be used in series with another BMP
with volume control capabilities. All infiltration devices provide some passive volume
control capabilities by providing pervious surface and therefore reducing the total
runoff volume to be controlled.

16.3. Design

16.3.1. Converting Sediment and Erosion Control Devices

Often, the same basin can be used during construction as a sediment and erosion control
device and later converted to an infiltration basin. Before conversion, all accumulated
sediment must be removed and properly disposed of, then the appropriate
modifications to the basin depth, geometry, and hydrology, as well as inlet and outlet
structures, etc., must be made. A minimum of 6 inches of bottom material (below the
design bottom of the original sediment and erosion control device) must be removed
prior to conversion to a stormwater BMP, so appropriate design bottom depth changes
must be considered. Infiltration trenches shall not be used as sediment and erosion
control devices. It is essential that the site be completely stabilized before the erosion
and control devises are removed or converted.

16.3.2. Siting Issues

Infiltration devices must be constructed level (at a 0-0.05% grade). It is recommended
that they not be located on slopes greater than 15 percent. They shall not be located
within fill soils except that recent state legislation (SL 2006-246 Sec. 9(k)) specified that a
minimum of one foot of naturally occurring soil would be required above the seasonal
high-water table. Infiltration devices shall not be placed in locations with less than 2 feet
between the bottom of the infiltration device and the seasonal high groundwater,
underlying impervious soil horizon, or bedrock (a 4 foot separation distance is
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recommended). On a case by case basis exceptions may be made if the detailed
hydrogeologic analysis and opinion from a qualified design professional shows that the
proposed system will operate as intended and will not have a negative impact on the
environment or human health.

Potential mounding of the water table caused by the infiltration of the BMP is also a
potential problem. If the mounded water table encroaches above the bottom of the
infiltration device the hydraulic gradient is greatly reduced. Designing infiltration
devices according to the requirements and guidelines presented in this manual should
avoid this condition.

A common cause of failure among infiltration devices is clogging due to excessive
sediment loads. Infiltration devices shall be used only once upstream areas have been
properly stabilized.

Infiltration devices should not be placed in locations that cause water problems to
downgradient properties. They must be a minimum of 15 feet downgradient from
structures. The facilities must be located a minimum of 100 feet horizontally from any
water supply well, 50 feet from Class SA waters, and 30 feet from surface water, as
required by applicable North Carolina regulations (15A NCAC 2H .1008 (d) Infiltration
System Requirements).

Infiltration of stormwater may contaminate groundwater (Schueler et al., 1992). To
protect groundwater from possible contamination, runoff industrial sites and from
designated contaminated land uses or activities (such as areas subject to frequent oil or
other petroleum product contamination) cannot be infiltrated without proper
pretreatment to remove hydrocarbons, trace metals, and other hazardous substances.

16.3.3. Contributing Drainage Basin

The potential erosion or device overflow created by a large inflow is a concern in the
design of infiltration devices. An individual infiltration device shall not receive more
than 2.0 acre-inches of runoff, and less than 1.0 acre-inches of runoff is recommended. A
general guidance is that the contributing area to an individual infiltration device will
often be in the range of 5 acres or less. Also, infiltration devices must be off-line, that is,
runoff in excess of the water quality volume should bypass the system.

16.3.4. Pretreatment and Inflow

Pretreatment devices such as filter strips, grassed swales, and forebays (sediment traps)
must be used to protect infiltration devices from clogging.

Consideration should be given to the inlet when infiltration facilities are designed. The
type of inlet will depend on whether the upgradient source of runoff is overland flow or
a concentrated source of discharge. Infiltration trenches require relatively even
distribution over their length. An infiltration basin can be designed to accommodate a
concentrated influent flow; however, an energy dissipater may be needed.

Infiltration devices that are interconnected with roof downspouts or patio drains must
include measures to strain out entrained leaves and other litter.
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16.3.5. In-Situ Soil Requirements

A site-specific hydrogeologic investigation should be performed to establish the
suitability of the BMP. To be suitable for infiltration, underlying soils must have an
infiltration rate of 0.52 inches per hour or greater, as initially determined from NRCS soil
textural classification (typically hydrologic soil groups A and B) and subsequently
confirmed by field geotechnical tests. The minimum geotechnical testing is one test hole
per 5,000 ft2 of infiltrating area, with a minimum of two borings per facility (taken
within the proposed limits of the facility). Double-ring infiltrometers or basin flooding
tests should be used (EPA, 1981). The highest measurement should be discarded when
computing the average hydraulic conductivity for the site.

16.3.6. Length, Width, Depth and Geometry

The sizing of an infiltration device is determined by the dewatering requirements.
Infiltration devices must be able to completely dewater in 2 to 5 days. The time to
dewater can be estimated roughly as the runoff capture volume for the device divided
by the product of the hydraulic conductivity and the effective infiltrating area. This can
be rearranged to produce the following equation for determining the effective
infiltrating area needed:

A= V

2 * (K * T)

where:

A = effective infiltrating area (ft2)

V = volume of water requiring infiltration (ft3)

K = hydraulic conductivity of soil (in/hr)
T = dewatering time (days)

The volume of water requiring infiltration (V) is prescribed by the specific stormwater
program that applies to the site, and the runoff characteristics of the site (see Section 2.0
and 3.0 for further information). If the infiltration device is not going to meet the
volume control requirements, it is simply the volume of water that is diverted and
stored for infiltration. The runoff capture storage volume of an infiltration device that is
filled with a drainage medium is equal to the volume of the facility, multiplied by the
porosity of the medium, plus any temporary ponding that may be allowed before the
facility overflows.

The hydraulic conductivity of the soil (K) is the resultant value from the field testing
performed on the site. The dewatering time (T) for infiltration devices must be between 2
and 5 days. A value of less than 3 days is recommended for use in the formula.

Once the effective infiltrating area (A) is obtained from the formula, it can still be
somewhat difficult to translate that into actual infiltration device dimensions. The value
for A used in the formula is actually the larger of either the bottom surface area or one-
half of the total (wetted) wall area. The determination of the length, width, and depth
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dimensions is therefore often an iterative process using the effective infiltrating area (A),
the correction factor for true surface areas of the in-situ soil interface, and typical length,
width, and depth recommendations. Injection well regulations in 15A NCAC 2C
prohibit stormwater drainage wells. In order to avoid falling within the regulatory
definition of "injection Well," infiltration trenches must be constructed such that their
depth is less than their greatest surface dimension (length or width).

Trench depths must be between 3 and 8 feet. It is recommended that the width of a
trench (perpendicular to influent flow direction) be less than 25 feet. Broad, shallow
trenches reduce the risk of clogging by spreading the runoff over a larger area for
infiltration.

Infiltration basins, on the other hand, may appear in many different geometries. Runoff
frequently is piped to these devices from stormwater inlets on patios, parking areas,
roofs, and other impervious areas.

16.3.7. Media Requirements

Uniform sand, gravel, or crushed stone (i.e., uniformity coefficient of 2 or smaller) is
preferable as a drainage medium. Uniform materials have high porosity and large
storage capacities so less material is required. Rounded stone has a larger void ratio than
angular crushed stone. The porosity of the material should be determined by laboratory
tests and be certified by the supplier. Drainage media materials should be hard, durable,
inert particles, free from slate, shale, clay, silt, and organic matter. The material shall be
washed, and it is recommended that it be double-washed.

To increase the runoff capture storage volume of trenches, plastic or concrete gallery
frames can be inserted. The gallery frames introduce open space inside the trench and
help distribute flow.

The bottom of infiltration basins and trenches must be lined with a layer of clean sand
with a depth of 4 inches or greater, unless the native soil is equivalent (1-2% fines or
less).

Drainage media should be enclosed on all sides by a geotextile filter. Proper
specification of the geotextile is critical to prevent two problems: accumulation of soil
into the device and clogging at the soil interface. The top surface of the geotextile
should be 6-12 inches below to upper surface of the drainage media. The other surfaces
of the geotextile should be in contact with the in-situ soil. The fabric, together with the
overlying material, can be removed and disposed of when excessive sediments
accumulate on the filter and begin to retard flow into the device.

16.3.8. Outlet Design

Infiltration devices, by their very nature, do not have regular outlet devices (the
stormwater entering the BMP leaves through the soils). They should, however, be
designed with dewatering provisions in the event of failure. This can be done with
underdrain pipe systems that can be pumped out or allowed to gravity drain to the
surface.
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16.4. Construction

Care should be used during installation to minimize compaction of soil on the bottom
and walls of infiltration devices since this will reduce the permeability at the soil
interface. To avoid compacting the drainage media, light equipment and construction
techniques that minimize compaction should be used.

Runoff shall not be directed into an infiltration device until the drainage area is
stabilized. A construction sequence must be followed that reflects the need to stabilize
the infiltration device. The longevity of infiltration devices is strongly influenced by the
care taken during construction.

Infiltration trenches should not be covered by an impermeable surface unless there is
suitable maintenance access, the design specifies a H-20 loading capacity, and the
application includes a cross-section of the H-20 design. Direct access must be provided
to all infiltration devices for maintenance and rehabilitation. OSHA safety standards
should be consulted for trench excavation.

A minimum of one observation well shall be included in the design of an infiltration
trench to periodically verify that the drainage media is fully draining. The monitoring
well shall consist of a 4- to 6-inch-diameter, perforated polyvinyl chloride (PVC) pipe
with a locking cap. The well should be placed near the center of the facility or in the
general location of the lowest point within the facility, with the invert at the excavated
bottom of the facility.

16.5. Maintenance

16.5.1. Common Maintenance Issues

Please refer to Section 7.0, General BMP Maintenance, for information on types of
maintenance, typical frequency, and specific maintenance tasks that are common to all
BMPs. The following information is maintenance that is specific to infiltration devices.

For the first year of operation, installations should be inspected quarterly and after each
major storm. After the first year, annual inspections, preferably conducted after a storm,
are recommended.

Maintenance is very important for infiltration devices. Property owners should be
educated in the function and maintenance requirements of infiltration devices.
Especially important is the maintenance of vegetated areas that drain to the infiltration
system. Areas that are allowed to become bare and unvegetated will contribute excess
sediment to the infiltration system and hasten its failure. Any sediment deposits in
pretreatment devices should be removed at least annually.

The surface of infiltration trenches must be kept in good condition. Colonization by
grass or other plants should be discouraged, since this can lead to reduced surface
infiltration rates. In many instances, it is convenient to cover infiltration trenches with
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concrete grid pavers or similar permeable paving systems that can be removed easily
and replaced as necessary to service the trench.

In order to monitor performance of the infiltration device, observations should be
conducted to determine how long it takes retained water to infiltrate into the soil after a
storm event. The determination can be made in two ways. The most informative way is
to read the water level several times over a period of days after a large storm. The
alternative is a "one-stop" method, where a single reading is taken and compared with
the local rainfall record. Although less accurate than the multiple reading method, the
one-stop method will still allow significant deterioration in performance to be
recognized.

The top several inches of drainage media and the filter cloth along the top of the
drainage media should be replaced annually or at least when the dewatering time is
longer than 5 days. If after replacing the top media the infiltration rate is still not in the
acceptable range, the entire facility must be dismantled and reconstructed.

Proper disposal of the materials removed is necessary; the aggregate and cloth should be
appropriately packaged and delivered to the local landfill, if the operating authority
approves the disposal.

Since infiltration trenches and infiltration basins have different configurations and
maintenance needs, an appropriate sample inspection and maintenance table is offered
for each one.

16.5.2. Sample Inspection and Maintenance Provisions for Infiltration Trenches

Important maintenance procedures:
- The drainage area of the infiltration trench will be carefully managed to reduce

the sediment load to the sand filter.
- The water level in the monitoring wells will be recorded once a month and after

every storm event greater than 1.0 inches (or 1.5 inches if in a Coastal County).

The infiltration trench will be inspected once a quarter and within 24 hours after every
storm event greater than 1.0 inches (or 1.5 inches if in a Coastal County). Records of
inspection and maintenance will be kept in a known set location and will be available
upon request.

Inspection activities shall be performed as follows. Any problems that are found shall
be repaired immediately.

Infiltration Devices 16-10 July 2007
Infiltration Devices 16-10 July 2007



NCDENR Stormwater BMP Manual Chapter Revised: 09-28-07

Table 16-1
Sample Inspection and Maintenance Provisions for Infiltration Trenches

BMP element: Potential problem: How to remediate the problem:
The entire BMP Trash/ debris is present. Remove the trash/debris.
The grass filter strip or Areas of bare soil and/or Regrade the soil if necessary to
other pretreatment area erosive gullies have formed, remove the gully, and then plant a

ground cover and water until it is
established. Provide lime and a
one-time fertilizer application.

Sediment has accumulated to Search for the source of the
a depth of greater than six sediment and remedy the problem if
inches. possible. Remove the sediment and.

dispose of it in a location where it

will not cause impacts to streams or
the BMP.

The flow diversion The structure is clogged. Unclog the conveyance and dispose
structure (if applicable) of any sediment off-site.

The structure is damaged. Make any necessary repairs or
replace if damage is too large for
repair.

The trench Water is ponding on the Remove the accumulated sediment
surface for more than 24 from the infiltration system and
hours after a storm. dispose in a location that will not

impact a stream or the BMP.

The depth in the trench is Remove the accumulated sediment
reduced to 75% of the original from the infiltration system and
design depth. dispose in a location that will not

impact a stream or the BMP.

Grass or other plants are Remove the plants, preferably by
growing on the surface of the hand. If pesticide is used, wipe it on
trench, the plants rather than spraying.

The observation well(s) The water table is within one Contact the DWQ Stormwater Unit

foot of the bottom of the immediately at 919-733-5083.
system for a period of three
consecutive months.
The outflow pipe is clogged. Provide additional erosion

protection such as reinforced turf
matting or riprap if needed to
prevent future erosion problems.

The outflow pipe is damaged. Repair or replace the pipe.
The emergency overflow Erosion or other signs of The emergency overflow berm will
berm damage have occurred at the be repaired or replaced if beyond

outlet, repair.
The receiving water Erosion or other signs of Contact the NC Division of Water

damage have occurred at the Quality 401 Oversight Unit at 919-
outlet. 733-1786.
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16.5.3. Sample Inspection and Maintenance Provisions for Infiltration Basins

Important maintenance procedures:
- The drainage area will be carefully managed to reduce the sediment load to the

infiltration basin.
- Immediately after the infiltration basin is established, the vegetation will be

watered twice weekly if needed until the plants become established (commonly
six weeks).

- No portion of the infiltration basin will be fertilized after the initial fertilization
that is required to establish the vegetation.

- The vegetation in and around the basin will be maintained at a height of
approximately six inches.

After the infiltration basin is established, it will be inspected once a quarter and within
24 hours after every storm event greater than 1.0 inches (or 1.5 inches if in a Coastal
County). Records of inspection and maintenance will be kept in a known set location
and will be available upon request.

Inspection activities shall be performed as follows. Any problems that are found shall
be repaired immediately.

Table 16-2
Sample Inspection and Maintenance Provisions for Infiltration Basins

BMP element: Potential problem: How to remediate the problem:
The entire BMP Trash/debris is present. Remove the trash/debris.
The perimeter of the Areas of bare soil and/or Regrade the soil if necessary to
infiltration basin erosive gullies have formed, remove the gully, and then plant a

ground cover and water until it is
established. Provide lime and a
one-time fertilizer application.

The inlet device: pipe or The pipe is clogged (if Unclog the pipe. Dispose of the
swale applicable), sediment off-site.

The pipe is cracked or Replace the pipe.
otherwise damaged (if
applicable).
Erosion is occurring in the Regrade the swale if necessary to
swale (if applicable), smooth it over and provide erosion

control devices such as reinforced
turf matting or riprap to avoid
future problems with erosion.
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Table 16-2, continued
Sample Inspection and Maintenance Provisions for Infiltration Basins

BMP element: Potential problem: How to remediate the problem:
The forebay Sediment has accumulated Search for the source of the

and reduced the depth to 75% sediment and remedy the problem if
of the original design depth. possible. Remove the sediment and

dispose of it in a location where it
will not cause impacts to streams or
the BMP.

Erosion has occurred or Provide additional erosion
riprap is displaced. protection such as reinforced turf

matting or riprap if needed to
prevent future erosion problems.

Weeds are present. Remove the weeds, preferably by
hand. If pesticides are used, wipe
them on the plants rather than
spraying.

The main treatment area A visible layer of sediment Search for the source of the
has accumulated. sediment and remedy the problem if

possible. Remove the sediment and
dispose of it in a location where it
will not cause impacts to streams or
the BMP. Replace any media that
was removed in the process.
Revegetate disturbed areas
immediately.

Water is standing more than Replace the top few inches of filter
5 days after a storm event, media and see if this corrects the

standing water problem. If so,
revegetate immediately. If not,

consult an appropriate professional
for a more extensive repair.

Weeds and noxious plants are Remove the plants by hand or by
growing in the main wiping them with pesticide (do not
treatment area. spray).

The embankment Shrubs or trees have started Remove shrubs or trees
to grow on the embankment, immediately.
An annual inspection by an Make all needed repairs.
appropriate professional
shows that the embankment
needs repair.

The outlet device Clogging has occurred. Clean out the outlet device. Dispose
of the sediment off-site.

The outlet device is damaged Repair or replace the outlet device.
The receiving water Erosion or other signs of Contact the NC Division of Water

damage have occurred at the Quality 401 Oversight Unit at 919-
outlet. 733-1786.
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September 28, 2007 Changes:
1. Major Design Elements:

i. Reformatted to include numbered requirements.
ii. Added the following requirements from the NC Administrative Code:

1. "Soils must have a minimum hydraulic conductivity of 0.52 inches per hour
to be suitable for infiltration," per 15A NCAC 02H. 1008(d)(6).

2. "Device must not be sited on fill material," per 15A NCAC 02H.1008(d)(7).
3. "Sizing shall take into account all runoff at ultimate build-out including off-

site drainage."
4. "If the BMP is used for sedimentation and erosion control during

construction, it must be cleaned out and returned to the design state."
iii. Separated, "BMP shall be a minimum of 30 feet from surface waters, 50 feet from

Class SA waters, and 100 feet from water supply wells," into two requirements.
2. 16.2: Corrected references to "Regulatory Design Requirements" by changing them to

"Major Design Elements".
3. 16.2: Removed the following incorrect statements, "All of the Regulatory Design

Requirements are from the North Carolina Administrative Code," and "...device must
meet all of the Pollutant Removal Credit Design Requirements."

4. 16.4: Removed a reference to Figure 16-3, which is not included in the manual.
5. 16.4: The July 2007 manual did not allow infiltration trenches under impermeable

surfaces. This has been revised as follows: "Infiltration trenches should not be covered
by an impermeable surface unless there is suitable maintenance access, the design
specifies a H-20 loading capacity, and the application includes a cross-section of the H-
20 design."

6. Figure 16-la: Renumbered. Previously Figure 16.1
7. Figure 16. lb: Added for clarification (infiltration trench cross-section)
8. Figure 16-2: Added for clarification (infiltration basin cross-section)
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17. Dry Extended Detention Basin

Description
A dry extended detention basin temporarily stores incoming stormwater, trapping suspended
pollutants, and reducing the peak discharge from the site.

Regulatory Credits Feasibility Considerations
Pollutant Removal

50% Total Suspended Solids Med Land Requirement
10% Total Nitrogen Small Cost of Construction
10% Total Phosphorus Small-Med Maintenance Burden

Water Quantity Small-Large Treatable Basin Size

yes Peak Attenuation Med Possible Site Constraints

yes Volume Capture Med Community Acceptance

Advantages Disadvantages
- Can effectively control peak runoff - Poor or nonexistent maintenance of dry

discharge rates from both small and large extended detention basins is common
drainage areas, problem throughout the state.

- Moderately effective at removing - Limited effectiveness in removing
suspended solids and particulate matter. dissolved substances.

- May allow for recreational and other - Tends to develop a soggy bottom or
open-space uses between storms, standing water, which hinders facility

- Presents fewer hazards to the public than maintenance and the growth of effective
wet basins because of the absence of a vegetative cover, as well as becoming a
permanent pool of water. perceived eyesore.

- Debris can accumulate and not only be an
eyesore, but also clog the outlets and
cause overflows during large rainfall
events.

- Can attract children and become a safety
hazard. Fencing is typically considered
unsightly.

Dry Extended Detention Basin 17-1 July 2007



NCDENR Stormwater BMP Manual Chapter Revised: 09-28-07

Major Design Elements

Required by the NC Administrative Rules of the Environmental Management Commission.
Other specifications may be necessary to meet the stated pollutant removal requirements.

1 Sizing shall take into account all runoff at ultimate build-out including off-site drainage.

2 Vegetated side slopes shall be no steeper than 3:1.

BMP shall be located in a recorded drainage easement with a recorded access easement to
a public ROW.

If the BMP is used for sedimentation and erosion control during construction, it must be
cleaned out and returned to the design state.

5 For pollutant removal credit, the applicable design storm must be held for a period of no
less than 2 but no more than 5 days.

6 BMP shall have an additional 25% storage volume for sediment deposition.

Required by DWQ policy. These are based on available research, and represent what DWQ
considers necessary to achieve the stated removal efficiencies.

71 Seasonally high groundwater table must be at least 2 feet below the bottom of the basin.

8 The energy of the influent flow must be controlled.

9 The maximum depth shall be 10 feet.
10 Freeboard shall be a minimum of 1 foot above the maximum stage of the basin.

11 A minimum length to width ratio of 1.5:1 is required.
12 A sediment depth indicator must be provided.

13 Basin design must include a drain.

14 A forebay is required if the design flow to the facility is over 10 acre-inches.

17.1. General Characteristics and Purpose

As the name of this BMP implies, these basins are typically dry between storm events. A
low-flow outlet slowly releases water retained over a period of days. This BMP can be
applied in residential, industrial, and commercial developments where sufficient space
is available. The primary purpose of dry extended detention basins is to attenuate and
delay stormwater runoff peaks. They are appropriate where water quality issues are
secondary to managing peak runoff, since the overall pollutant removal efficiency of dry
extended detention basins is low. Dry extended detention basins are not intended as
infiltration or groundwater recharge measures. See Figure 17-1 for an example of a dry
detention basin located in a commercial/industrial development.
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Figure 17-1
Dry Extended Detention Basin with Shallow Marsh

17.2. Meeting Regulatory Requirements

A listing of the major design requirements is provided on the first page of this section.
At a minimum, any dry extended detention basin must meet the major design
requirements indicated as being from the North Carolina Administrative Code. To
receive the pollutant removal rates listed in the front of this Section, the dry extended
detention basin must meet all of the major design requirements listed in the beginning of
this Section.

Pollutant Removal Calculations
The pollutant removal calculations for dry extended detention basins are as described in
Section 3.4, and use the pollutant removal rates shown at the beginning of this Section.
Construction of a dry extended detention basin also passively lowers nutrient loading
since it is counted as pervious surface when calculating nutrient loading.

Volume Control Calculations
A dry extended detention basin can be designed with enough storage to provide active
volume control (calculations for which are provided in Section 3.4). All dry extended
detention basins provide some passive volume control capabilities by providing
pervious surface and therefore reducing the total runoff volume to be controlled. The
design specifics for volume and/or peak flow control will vary according to the area
where the applicable regulations for the area where the project will be located.
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17.3. Design

17.3.1. Converting Sediment and Erosion Control Devices

Sediment basins that are used during construction can be converted into dry extended
detention basins after the construction is completed. If used during construction as a
sediment basin, the basin must be completely cleaned out, graded, and vegetated within
14 days of completion of construction.

17.3.2. Siting Issues

The seasonally high groundwater table must be at least 2 feet below the bottom of the
basin. Less separation distance makes the dry extended detention basin vulnerable to
developing ephemeral pools of standing water during wet-weather periods. If the 2-foot
minimum separation distance cannot be met, the design of a stormwater wetland or wet
detention basin should be considered.

17.3.3. Contributing Drainage Basin

Dry extended detention basins can be utilized on very large sites, but often reach
limitations around 25 acres or more. The most common limitation is the bottom of the
basin approaching groundwater.

17.3.4. Pretreatment and Inflow

A forebay is required at the inlet of a dry extended detention basin to trap incoming
sediment if the design flow to the facility is over 10 acre-inches. The forebay must
contain ponded water and be designed as described in Section 5.0 Common Design
Elements. A forebay is recommended on all other dry detention basins. With heavy,
coarse sediment confined to the forebay area, maintenance is made simpler and less
costly and the life of the BMP is extended.

To prevent resuspension of trapped sediment and scour during high flows, the energy
of the influent flow must be controlled. This can be in the form of a forebay as
mentioned above, a plunge pool, rip-rap, or other energy-dissipating and erosion control
measures.

17.3.5. Length, Width, Depth and Geometry

The volume of a dry extended detention basin is driven exclusively by the volume of
stormwater that is required to be captured. Once that volume is calculated, the
dimensional aspect of the basin is mostly site driven. Below are some dimensional and
layout requirements:

- The maximum depth shall be 10 feet.
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- A minimum of 1 foot of freeboard shall be provided between the design flow
pool elevation and the emergency overflow invert.

- The minimum flow length to width ratio shall be 1.5:1, but 3:1 is
recommended. The basin width should preferably expand as it approaches
the outlet.

- Side slopes of the basin shall be no steeper than 3H:IV if stabilized by
vegetation.

- In addition to detention volume, design must provide for sediment storage
equal to 25 percent of detention volume. If it is known that the upstream
drainage basin will contribute high sediment loads (e.g. construction) over
several years, then additional sediment storage should be provided.

By causing turbulence and eddies in the flow, flow short-circuiting can interfere with the
function of the basin outlet system and should therefore be minimized. The most direct
way of minimizing short-circuiting is to maximize the distance between the riser and the
inlet. Larger length to width ratios should be used if sedimentation of particulates
during low flows is desirable. Irregularly shaped basins appear more natural. If a
relatively long, narrow facility is not suitable at a given site, baffles constructed from
gabions or other materials can be placed in the basin to lengthen the flowpath.

A sinuous low-flow channel should be constructed through the basin to transport dry-
weather flows and minor storm flows. Preferably, the channel would be grass-lined and
sloped at approximately 2 percent to promote drainage of the basin between storms. The
entire bottom of the basin should drain toward the low-flow channel.

17.3.6. Sediment Accumulation

A sediment depth indicator must be provided in the dry extended detention basin, and
the forebay if there is one. Sediment will accumulate more quickly in the main detention
basin if there is no forebay and also if the upstream drainage basin is not properly
stabilized. Sediment shall be removed from the dry extended basin (and forebay if
applicable) when the sediment depth indicator shows that the sediment has
accumulated to the design sediment accumulation depth of the basin.

17.3.7. Plant and Landscape Requirements

When choosing vegetation for a dry extended detention basin, consideration must be
given to the wildflowers or grasses specified because of the frequent inundations, warm
and cold seasons, as well as salt, and oil loading. Additionally, the plants should not be
fertilized except for a one-time application after seeding. Mowing should be minimal. It
has been found that a wet meadow mix or Bermudagrass typically performs well in
those locations with the climate able to support it.

The dry extended detention basin must be stabilized within 14 days after the end of
construction. The stabilization might be the final vegetation or a temporary stabilization
measure until the vegetation becomes established.
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17.3.8. Outlet Design

In addition to meeting specific hydraulic requirements for runoff detention and peak
attenuation, outlets also must be functionally simple and easy to maintain. Below are
design requirements and guidelines for dry extended detention basin outlets:

- Basin design should include a small permanent pool near the outlet orifice to
reduce clogging and keep floating debris away from the outlet.

- Basin design must include a drain that will completely empty the basin for
clean out.

- Durable materials such as reinforced concrete or plastic are preferable to
corrugated metal in most instances.

- The riser should be placed in or at the face of the embankment to make
maintenance easier and prevent flotation problems.

- The low-flow orifice should be at least 2 inches in diameter.
- Erosion protection measures should be used at the basin discharge point.

- To prevent piping and internal erosion problems around the spillway/ outlet
conduit through an embankment system, a filter diaphragm and drainage
system is recommended.

17.4. Maintenance

17.4.1. Common Maintenance Issues

The facility should be inspected annually to verify that the facility is operating as

designed and to schedule any required maintenance. If possible, inspections should
occur during wet weather to verify that the facility is maintaining desirable retention
times. In addition to regularly scheduled inspections, maintenance personnel should
note deficiencies during any visits. One important purpose of inspections is to ascertain

the operational condition and safety of the facility, particularly the condition of
embankments, outlet structures, and other safety-related features. Other general
objectives are to prevent clogging of the outlets, development of standing water, and
growth of weeds and noxious plants.

Maintaining turf grass on the tops of berms and on the exterior slopes of embankments
is advisable to facilitate access to the facility and inspection of the embankment, as well
as stability of the slopes. The frequency of mowing may need to be greater if the facility
is in an area of high visibility. However, if possible, the facility should be managed as an
upland meadow with cold season grasses maintained no shorter than 4 inches and
warm season grasses maintained no shorter than 3 inches. Cutting grass shorter than the
minimum lengths can cause areas of the turf to die off or can require a much higher level
of maintenance.

When the sediment depth indicator shows that the sediment has filled the design
storage volume, the accumulated sediment, mud, sand, and debris must be cleaned out
with earth-moving equipment and disposed of properly. If the facility supports open-
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space uses during dry weather, the removal may have to take place frequently. Once
these materials are removed, the disturbed areas should be stabilized and revegetated
immediately, otherwise sediment will move to downstream areas. Freshly seeded areas
should be protected with an erosion mat that has been securely staked in place to
prevent flotation. In many cases, sodding offers the best approach to stabilization after
removal of sediment and debris.

17.4.2. Sample Inspection and Maintenance Provisions

Important maintenance procedures:
- The drainage area will be managed to reduce the sediment load to the dry

extended detention basin.
- Immediately after the dry extended detention basin is established, the vegetation

will be watered twice weekly if needed until the plants become established
(commonly six weeks).

- No portion of the dry extended detention pond will be fertilized after the first
initial fertilization that is required to establish the vegetation.

- I will maintain the vegetation in and around the basin at a height of
approximately six inches.

- Once a year, a dam safety expert will inspect the embankment.

After the dry extended detention basin is established, it will be inspected once a quarter
and within 24 hours after every storm event greater than 1.0 inches (or 1.5 inches if in
a Coastal County). Records of inspection and maintenance will be kept in a known set
location and will be available upon request.

Inspection activities shall be performed as follows. Any problems that are found shall
be repaired immediately.
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Table 17-1
Sample Inspection and Maintenance Provisions for Dry Detention Basins

BMP element: Potential problem: How to remediate the problem:
The entire BMP Trash/ debris is present. Remove the trash/debris.
The perimeter of the dry Areas of bare soil and/or Regrade the soil if necessary to
extended detention erosive gullies have formed. remove the gully, and then plant a
basin ground cover and water until it is

established. Provide lime and a
one-time fertilizer application.

The inlet, device: pipe or The pipe is clogged (if Unclog the pipe. Dispose of the
swale applicable), sediment off-site.

The pipe is cracked or Replace the pipe.
otherwise damaged (if
applicable).
Erosion is occurring in the Regrade the swale if necessary to
swale (if applicable), smooth it over and provide erosion

control devices such as reinforced
turf matting or riprap to avoid
future problems with erosion.

The forebay Sediment has accumulated Search for the source of the
and reduced the depth to 75% sediment and remedy the problem if
of the original design depth possible. Remove the sediment and
(see diagram below), dispose of it in a location where it

will not cause impacts to streams or
the BMP.

Erosion has occurred or Provide additional erosion
riprap is displaced. protection such as reinforced turf

matting or riprap if needed to
prevent future erosion problems.

Weeds are present. Remove the weeds, preferably by
hand. If pesticides are used, wipe
them on the plants rather than
spraying.
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Table 17-1, continued
Sample Inspection and Maintenance Provisions for Dry Detention Basins

BMP element: Potential problem: How to remediate the problem:
The main treatment area Sediment has accumulated Search for the source of the

and reduced the depth to 75% sediment and remedy the problem if
of the original design depth possible. Remove the sediment and
(see diagram below), dispose of it in a location where it

will not cause impacts to streams or
the BMP. Revegetate disturbed
areas immediately with sod
(preferred) or seed protected with
securely staked erosion mat.

Water is standing more than Check outlet structure for clogging.
5 days after a storm event. If it is a design issue, consult an

appropriate professional.

Weeds and noxious plants are Remove the plants by hand or by
growing in the main Wiping them with pesticide (do not
treatment area. spray).

The embankment Shrubs or trees have started Remove shrubs or trees
to grow on the embankment. immediately.
Grass cover is unhealthy or Restore the health of the grass cover
eroding. - consult a professional if necessary.
Signs of seepage on the Consult a professional.
downstream face.
Evidence of muskrat or Use traps to remove muskrats and
beaver activity is present. consult a professional to remove

beavers.
An annual inspection by an Make all needed repairs.
appropriate professional
shows that the embankment
needs repair.

The outlet device Clogging has occurred. Clean out the outlet device. Dispose
of the sediment off-site.

The outlet device is damaged Repair or replace the outlet device.
The receiving water Erosion or other signs of Contact the NC Division of Water

damage have occurred at the Quality 401 Oversight Unit at 919-
outlet. 733-1786.
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Figure 17-4
Profile of a Dry Detention Basin
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September 28, 2007 Changes:
1. Major Design Elements:

a. Reformatted to include numbered requirements.
b. Added, "For pollutant removal credit, the applicable design storm must be held

for a period of no less than 2 but no more than 5 days," per 15A NCAC 02H
.1 008(e)(2).

c. Added, "If the BMP is used for sedimentation and erosion control during
construction, it must be cleaned out and returned to the design state."

2. 17.2: Added, "The design specifics for volume and/or peak flow control will vary
according to the area where the applicable regulations for the area where the project will
be located."

3. Figure 17-4: Corrected the labeling of the temporary pool.
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18. Permeable Pavement

Description
An alternative to conventional concrete and asphalt paving materials that allows for
infiltration of storm water into a storage area, with void spaces that provide temporary
storage.

Regulatory Credits Feasibility Considerations
Pollutant Removal

0% Total Suspended Solids NA Land Requirement
0% Total Nitrogen Med-High Cost of Construction
0% Total Phosphorus High Maintenance Burden

Water Quantity NA Treatable Basin Size

possible Peak Attenuation* High Possible Site Constraints

possible Volume Capture* High Community Acceptance

*Peak runoff attenuation credit is given by lowering the Rational "C" coefficient for

runoff calculations. Volume reduction credit is given by lowering the percent
imperviousness.

Advantages Disadvantages
* Replaces completely impervious surfaces - Applicability generally limited to the

with partially impervious surfaces. Coastal Plain and Sandhills regions.
* Reduces stormwater runoff rate and 0 Potential for clogging of porous media by

volume, sediment, which could lead to reduced.
" Reduces loads of some pollutants in effectiveness without proper maintenance

surface runoff by reducing the volume of e Not applicable for high-traffic areas or
stormwater leaving a site. for use by heavy vehicles.

* Saves area by using treatment area for
parking/driving.

Major Design Elements

Required by DWQ policy. These are based on available researchn represent what DWQconsiders necessary to achieve the stated removal efficiencie•.'

1 Completed permeable pavement installation must have a slope less than 0.5%.

2 Soils must have infiltration capacity of at least 0.52 in/hr permeability.

3 Only 2 acre-feet of soil per acre disturbed can be graded for the permeable pavement
footprint.

4 The top 3-ft of soil must have no finer texture than Loamy Very Fine Sand as determined
by a soil analysis.
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18.1. Description and Purpose

Traditional paved surfaces, such as asphalt and concrete, do not allow water to infiltrate
and convert almost all rainfall into runoff. If designed and implemented correctly,
permeable pavement systems allow at least a portion of stormwater to infiltrate, thus
reducing peak runoff volumes and flows. Permeable paving materials include, but are
not necessarily limited to, porous concrete, permeable interlocking concrete pavers,
concrete grid pavers, and porous asphalt. Compacted gravel will not be considered as
permeable pavement. Figure 18-1 shows various permeable pavement systems.

Figure 18-1
Various permeable pavement systems

Courtesy of NC State University - Biological and Agricultural Engineering Department

Permeable Interlocidng Concrete Grid Pavers Porous Concrete (PC)
Concrete Pavers (PICP) (CGP) "Turfstone"

Porous Asphalt (PA) Plastic I urf Keintorcing
Grids (PTRG)

18.2. Location and Characteristics

There are two primary locational design constraints that affect the applicability of
permeable pavement in North Carolina.

1. The in-situ soils beneath the permeable pavement must have sufficient infiltration
capacity for the permeable pavement to drain. To satisfy this requirement, the
following conditions must be met:

a. The footprint of the permeable pavement installation must have a vertical
saturated hydraulic conductivity of at least 0.52 in/hr (as determined by a
soil analysis) for the soil horizon located beneath the base of the pavement
system to a total depth of 3 ft.
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b. The soil beneath the pavement system (to a total depth of 3 ft) must also have
no finer texture than Loamy Very Fine Sand as defined by the United States
Department of Agriculture - Natural Resources Conservation Service
(USDA-NRCS) and as determined by a soil analysis.

c. Only 2 ac-ft of soil per acre disturbed can be moved for the footprint of the
permeable pavement. Mass grading can significantly alter the site's
applicability for permeable pavement. If mass grading occurs and conditions
(a) and (b) are still met, then an exception for this requirement can be given.
However, a soil analysis will be required after the grading is completed to
verify the soil properties.

2. Permeable pavement has the potential to be clogged by solids delivered to the
permeable pavement surface by vehicular traffic and run-on from adjacent surfaces.
To address this concern, the following conditions must be met:

a. The site must be located in the Sand Hills and Coastal Plains physiographic
regions, including all barrier islands (see map in Figure 18-2). Since fine soils
are prevalent in other areas of North Carolina, there is a greater possibility
that vehicles or run-on from adjacent surfaces could transport fine sediment
onto the site and clog the permeable pavement.

b. An exception to this locational requirement could be made on a case-by-case
basis by the permitting authority for sites in other areas of the State if soils
within a 1-mile radius of the site are coarser than Loamy Very Fine Sand for
the top 3 ft as defined by the USDA-NRCS.

Figure 18-2
The Sand Hills and Coastal Plain physiographic regions of North Carolina.

Map created by DWQ with data from USDA-NRCS, 200
18.3 Design

~. q

p
* Sand Hills and Coastal Plain

0 100 200 Mies
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gravel base (flexible pavements) receive credit as managed grass based on the
thickness of the gravel base layer. The increase in gravel base provides more
underground storage for stormwater.

Table 18-1
Credit received for various permeable pavement systems
(*See note below regarding reduced credit in SA waters.)

Permeable Pavement System Credit as PercentManaged Grass

Permeable concrete without gravel base *40 %
Permeable concrete with at least 6" of gravel base (washed stone) *60 %
Flexible pavements with at least 4" of gravel base (washed stone) *40 %
Flexible pavements with at least 7" of gravel base (washed stone) *60 %
Permeable pavement systems that drain to, and are located within 1/2 miles of SA-classified

waters, and are installed to achieve compliance with the coastal low-density limitations,
will receive only 1/2 of the credit outlined in this table. The Division will continue to
evaluate information regarding system performance and will reconsider this policy at a
later date. This precautionary step has been taken because of the continuing trend of
degraded and impaired shellfish waters.
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2. Peak flow reduction and volume reduction

For methods to calculate peak runoff rate and runoff volume that require percent
imperviousness (such as the Simple Method), the reduction in imperviousness as
managed grass listed above in Table 18-1 can be used. For example, permeable
concrete with at least 6" of gravel will be counted as 40% impervious.

To determine peak runoff rate using the Rational Method, a Rational Coefficient of
0.22 for managed grass and 0.96 for impervious areas can be used. To determine
runoff volume using the SCS Method, a Curve Number of 61 for managed grass
and 98 for impervious areas can be used. Both the Rational and SCS Methods are
to be applied using the ratios of managed grass and imperviousness listed above in
Table 18-1. A thorough discussion of some of the research that supports these
policies is given by Bean, 2005.

Pollutant Removal Credit

Permeable pavement will not receive direct credit for any pollutant removal (percent
reduction, e.g.). However, for the purpose of meeting pollutant control requirements,
credit received for reducing percent imperviousness will have the effect of reducing
pollutant loads. The extent of pollutant reduction will depend on the site configuration.
The means of receiving pollutant removal credit for TSS differs from the means for
nutrients.

In DWQ's stormwater programs, TSS is not calculated directly based on site conditions.
Instead, individual BMPs receive credit for a certain percentage of TSS reduction, which
is applied to the total percentage of TSS removal that must be achieved at a site. This
percentage reduction is not credited towards a calculated amount of TSS generated at a
site; instead, the runoff generated at a site must receive a certain percentage of treatment
(85%, e.g.). Permeable pavement will not receive a percentage credit for reducing TSS,
but it will receive credit by reducing the volume of runoff that must be treated for TSS.
The effect of permeable pavement will therefore be to reduce the size of BMPs that are to
be used for TSS removal.

Example TSS Reduction Calculation

Suppose the runoff from the first inch of rainfall from a 1-acre parking lot must be.
controlled and treated for 85% TSS removal. If this 1-acre parking lot is completely
covered with impervious asphalt, the volume of runoff that must be treated is about 0.95
ac-in, using the Simple method (Schueler, 1987):

Rv = 0.05 + 0.009 (I)
Rv = 0.05 + 0.009 (100) = 0.95

Where: Rv = runoff coefficient (in/in),
I = percent imperviousness, %
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Volume = Design Rainfall * (Rv) * Drainage Area
= 1 in * 0.95 * 1 ac
= 0.95 ac-in

If this site is completely covered with pemeable concrete without a stone base layer, the
site will receive credit as 40% managed grass and 60% impervious. Using the Simple
method, the runoff that must be treated is 0.59 ac-in.

Rv = 0.05 + 0.009 (I)
Rv = 0.05 + 0.009 (60) = 0.59

where Rv = runoff coefficient (in/in),
I = Percent imperviousness, %

Volume = Design Rainfall * (Rv) * Drainage Area
= 1 in * 0.59 * 1 ac
= 0.59 ac-in.

For stormwater programs requiring nutrient removal, a specific nutrient load must be
attained. The post-development nutrient load is calculated based on the land-use types
of the site. Permeable pavement systems receive credit for nutrient reduction by
reducing the area of impervious land cover. Permeable pavement should receive credit
for nutrient removal in the manner described in the example below; however, local
authorities may develop their own method as long as it is at least as stringent as the
method presented here.

Example Nitrogen Reduction Calculation for the Neuse River Basin

If a site has I acre of conventional impervious surfaces, the annual nitrogen load would
be computed as follows in the Neuse River Basin (the Tar-Pamlico Basin has slightly
different export coefficients, but the principle is the same):

The annual nitrogen load from impervious surfaces is 21.2 lb N/ac/yr (DWQ, 1999).
Therefore, the nitrogen load from I acre is 21.2 lb N/yr.

However, if there were 1 acre of permeable pavement with at least 6 in. of washed stone
base, the nitrogen load would decrease. The nitrogen load from managed grass surfaces
is 1.2 lb N/ac/yr.

Under the guidelines above in part one, the acre of permeable pavement would be
counted as 40% impervious and 60% managed grass.

Annual Nitrogen Load = 21.2 lb N/ac/yr * 0.4 ac + 1.2 lb N/ac/yr * 0.6 ac
Annual Nitrogen Load = 9.2 lb N/yr

The ratios of impervious and managed grass areas can also be used for phosphorus
export calculations. Phosphorus export in urban settings comes from lawns (fertilizers,
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vegetation decomposition, attached to sediment) and from streets, buildings, and
parking lots (atmospheric deposition) (Waschbusch et al., 1999). This understanding is
reflected in the Division of Water Quality's phosphorus export coefficients for the Tar-
Pamlico river basin - phosphorus export from transportation impervious surfaces is 1.67
lb P/ac/yr and the phosphorus export from managed pervious surfaces is 0.13 lb
P/ac/yr (DWQ, 2004). Therefore, phosphorus reduction can be credited for permeable
pavement, depending on the site configuration. Permeable pavements that do not rely
on subsurface infiltration shall be counted as 100% impervious for the phosphorus
export calculations.

18.3.2 Design

The Division has adopted strict guidelines to direct the application of permeable
pavement in North Carolina. Adherence to all of the guidelines mentioned in this
document are essential for the successful implementation of permeable pavement as a
water quality BMP. Design and installation of permeable pavement systems must be
performed by appropriate professionals.

The primary factors that should direct permeable pavement design include the
following:

1. Providing adequate infiltration and temporary storage
2. Preventing sediment, oils, and greases from reaching the permeable

pavement surface where they have the potential to clog
3. Using construction techniques that minimize the compaction of subsurface

soils

18.3.3 Design Specifications and Methodology

Specific design requirements relating to the structural stability of permeable pavements
are beyond the scope of this manual. The reader is referred to the AASHTO Flexible
Pavement Method for structural design requirements. The following guidelines are
presented to ensure that permeable pavements are properly located, designed, and
constructed to meet water quality objectives.

1. A washed aggregate base must be used, and washed 57-size stone is generally
acceptable. Fine particles from standard "crusher run" will clog the pores at the
bottom of the pavement and will not be allowed.

2. Low traffic volume - less than 100 vehicles per day.

3. As shown in Figure 18-3 below, seasonally high water table must be at least 2 ft
from the base of the permeable pavement or gravel storage layer. Water tables
approaching the permeable pavement system will not allow water to exfiltrate.
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Figure 18-3
Schematic of water table design constraint.

Pemible Pavenmt surface layer

Aggegte Storage Layer

In-situ Soil 24 inches

V V' Seasonally high water table

4. Permeable pavement should not be placedý where upland land disturbance is
occurring or will potentially occur. Land disturbance upland of the lot could
result in frequent pavement clogging.

5. Avoid overhanging trees above the permeable pavement installation.

6. The completed permeable pavement must be installed at a grade less than 0.5%.
Steeper slopes will reduce the storage capacity of the permeable pavement.

7. During preparation of the subgrade, special care must be made to avoid
compaction of soils. Compaction of the soils can reduce the infiltration capacity
of the soil.

8. Permeable pavement should not be designed to receive concentrated flow from
roofs or other surfaces. Incidental run-on from stabilized areas is permissible,
but the permeable pavement should primarily be designed to infiltrate the rain
that falls on the pavement surface itself. No credit will be given for volume or
peak reduction for run-on from impervious surfaces.

9. Permeable pavement systems are not allowed in areas, such as buffers, where
impervious surfaces are not permitted.

10. The construction sequence will be inspected to insure that the surface installation
is planned to be completed after adjacent areas are stabilized with vegetation.
Run-on to the permeable pavement from exposed areas can cause the system to
perform ineffectively.

18.4. Cost

Permeable pavement systems typically cost 25-100% more than traditional asphalt
(Hunt, 2006). Implementing permeable pavement systems may reduce the need for
other stormwater BMPs or reduce the size of such systems. Therefore, the overall cost
burden should be considered for each specific site.
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18.5. Maintenance

18.5.1. Common Maintenance Issues

Maintenance requirements are critical for the success of permeable pavement. Even
though there are significant locational restrictions on the permeable pavement
installations, there is still a potential for permeable pavements to clog with sediment.
The following installation and maintenance requirements shown in Table 18.1 are
designed to ensure that the permeable pavement system will work effectively. A
maintenance agreement with the appropriate local government is required for each
permeable pavement installation to receive credit. The maintenance agreement should
include specific requirements and responsibilities of the property owner and provide for
enforcement.

18.5.2. Sample Inspection and Maintenance Provisions

Important inspection and maintenance procedures:
- Stable groundcover will be maintained in the drainage area to reduce the sediment

load to the permeable pavement.
- The area around the perimeter of the permeable pavement will be stabilized and

mowed, with clippings removed.
- Any weeds that grow in the permeable pavement will be sprayed with pesticide

immediately. Weeds will not be pulled, since this could damage the fill media.
- Once a year, the permeable pavement surface will be vacuum swept.

The permeable pavement will be inspected once a quarter and within 24 hours after
every storm event greater than 1.0 inches (or 1.5 inches if in a Coastal County).
Records of inspection and maintenance will be kept in a known set location and will be
available upon request.

Inspection activities shall be performed as follows. Any problems that are found shall be
repaired immediately.
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Table 18-2
Sample Inspection and Maintenance Provisions for Permeable Pavement

BMP element: Potential problem: How to remediate the problem:
The perimeter of the Areas of bare soil and/or erosive Regrade the soil if necessary to remove
permeable pavement gullies have formed. the gully, and then plant a ground cover

and water until it is established.
Provide lime and a one-time fertilizer
application.

Vegetation is too short or too Maintain vegetation at a height of 3 to 6
long. inches (remove clippings).

The surface of the Trash/debris is present. Remove the trash/debris.
permeable pavement

Weeds are growing on the Do not pull the weeds (may pull out
surface of the permeable media as well). Spray them with
pavement. pesticide.
Sediment is present on the Vacuum sweep the pavement.
surface.
The structure is deteriorating or Consult an appropriate professional.
damaged.
The pavement does not water Vacuum sweep the pavement. If the
between storms. pavement still does not dewater, consult

a professional.
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September 28, 2007 Changes:
1. Major Design Elements:

i. Reformatted to include numbered requirements.
ii. Corrected the wording referring to the fraction of impervious surfaces used in the

Simple Method. The Simple Method is no longer referenced.
iii. Deleted the incorrect formatting in the word "pavement".
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19. Rooftop Runoff Management

Description
Rooftop runoff management is the deployment of vegetated roof covers and roof gardens (also
known as green roofs), roof ponding areas and cisterns to detain and promote
evapotranspiration of runoff originating from roofs.

Regulatory Credits Feasibility Considerations
Pollutant Removal

0% Total Suspended Solids High Land Requirement
0% Nitrogen*** High Cost of Construction
0% Phosphorus*** Med Maintenance Burden

Water Quantity Low Treatable Basin Size

possible Peak Attenuation* Low Possible Site Constraints

possible Volume Capture** High Community Acceptance

* Green roofs shall receive peak attenuation credit. A Rational C Coefficient of 0.65 shall

be used for the green roof peak runoff calculation.

** Green roofs shall receive volume reduction credit. The Simple Method shall be used to
calculate volume. The impervious fraction for the green roof will be 50% of the impervious
fraction for a standard roof. The SCS Method can not be used because a curve number has not
been specified.

Green roofs shall not receive nutrient credit. When using the Neuse and Tar-Pamlico
nutrient export models, the green roof shall be entered as "roof impervious".

Advantages
* Useful in wide range of applications.
* Provides effective stormwater

management for small to mid-size events.
* Conserves space.
* Thought to extend life expectancies of

roofs, primarily by shielding from UV
and temperature.

* Insulates sound; 5 inches of green roof
medium can reduce sound by 40 decibels
(dB).

* Reduces heat island effects caused by
impervious surfaces, and reduces heating
and cooling costs of the building covered.

* Proven track record in Europe and
numerous applications in North America.

* Adds aesthetic value to residential and
commercial property; provides attractive
textures and colors and creates habitat for
birds and insects.

Disadvantages
* Can be difficult to retrofit.
" Main disadvantage is the potential need

to provide additional structural
strengthening.

" Normal garden maintenance is required
for roof gardens, but the location may
make it more difficult to inspect and
correct problems.

* Rooftop detention may lead to leaks
through the roof.

* Sediment can accumulate near the outlet
and cause clogging if not cleaned out
periodically.

* Cost - These are among the most
expensive practices per square foot of
treated area.
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Major Design Elements

Required by the NC Administrative Rules of the Environmental Management Commission.
Other specifications may be necessary to meet the stated pollutant removal requirements.

1 A vegetation plan prepared by a horticulturalist versed in green roof vegetation is
required.

2 A structural engineer must be consulted and verify roof and structure strength.
3 Access to the roof is required for inspection and maintenance.

On a roof slope greater than 20 degrees, horizontal strapping or other support systems
must be installed to avoid slippage and slumping of the growing medium and plants.

19.1. General Characteristics and Purpose

Roofs are an important source of concentrated runoff from developed sites; therefore,
rooftop runoff management can provide substantial benefits in highly urbanized
settings where space for other BMPs is limited. Rooftop runoff management BMPs are
typically applied on flat or gently sloping roofs (see Figure 19-1); however, this BMP can
also be applied with steep roofs. The techniques can be retrofitted to many
conventionally constructed buildings. If roof runoff is at least partly controlled at the
source, the size of other BMPs throughout the site can be reduced. Although rooftop
runoff management is generally more effective in controlling small storms, since the vast
majority of rain events are in this category, rooftop runoff management can be important
in planning for comprehensive stormwater management. By retaining this rainfall for
evaporation or plant transpiration, some rooftop runoff management measures, such as
vegetated roof covers, can achieve significant reductions in total annual runoff.

Although rooftop runoff management BMPs are currently not extensively used in the
United States, they do have a proven track record in Europe. In an effort to reduce
overloading of sewer systems, several German cities (including Stuttgart, Berlin,
Cologne, Dusseldorf, and Hamburg) provide incentives for homeowners to install
vegetated roof covers or roof gardens. In addition, numerous applications do exist in
North America including Vancouver, BC; Portland, OR; Chicago, IL; Atlanta, GA, and
several locations in North Carolina.

The location of the green roof is very important in the design, which is influenced by
factors such as height above ground, wind exposure, and sunlight and shade by
surrounding buildings. Climate of the area and the expected microclimate created by the
roof have a bearing on plant species. For roofs with public access, visual appearance is
also important.
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Rooftop runoff management not only provides detention and promotes
evapotranspiration, rooftop runoff management effectively increases the time of
concentration, delaying runoff peaks and lowering runoff discharge rates. It can also be
aesthetically and socially beneficial and may provide improved air quality, energy
saving, and temperature reduction benefits.

The main drawback is it can sometimes be very costly for the amount of stormwater
quality and quantity improvements it provides. This is because of the possibly small
fraction of overall site stormwater that can be treated by the rooftop runoff management
BMP, as well as the additional cost to the building for construction of the BMP and
possible reinforcement of the structure.

Figure 19-1
Rooftop Garden (Photo cour
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It should also be noted that safety is a big concern with rooftop runoff management
BMPs. Construction and maintenance are obviously performed in a location with
potential for dangerous falls. In addition, some rooftop runoff management BMPs, most
often roof gardens, are designed to have public access. Other safety concerns include
high temperatures, becoming trapped on the roof, and the possibility of the roof
structure becoming unsound and causing a fall. Designs should take all safety issues
related to the BMP being constructed on a roof into consideration and attempt to reduce
as much as possible the level of risk and exposure.

This Section discusses three techniques of rooftop runoff management: vegetated roof
covers, roof gardens, and roof ponding areas. Each of these is described briefly below.

Vegetated Roof Covers
Vegetated roof covers (which are also called extensive green roofs and can not be
walked on) involve blanketing roofs with a layer of living vegetation. Vegetative roof
covers are particularly effective when applied to extensive roofs, such as those
commonly used on commercial, multifamily, and institutional buildings. However, they
can be applied to virtually any building, including single-family residences. Vegetated
roof covers are an effective means of retarding runoff from roof surfaces. Initially during
a rainfall event, nearly all precipitation striking the foliage is intercepted. As rain
continues, water percolates into and begins to saturate the growth media and root zone
of the cover. Significant quantities of water do not begin to drain from the roof until the
field capacity of the medium is filled. For small rainfall events, little runoff occurs and
most of the precipitation eventually returns to the atmosphere by evaporation and
transpiration. For larger storms, vegetated roof covers can delay and attenuate the
runoff peak significantly. See Figure 19-2 for a comparison of a conventional roof
system and a vegetative roof cover.

Figure 19-2
Comparison Between Vegetative Roof Cover and Conventional Roof System
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Roof Gardens
Roof gardens (which are also called intensive green roofs and can be walked on) are
landscaped environments that may include planters and potted shrubs and trees. Roof
gardens can be custom-made naturalized areas, designed for outdoor recreation, and
perched above congested city streets. Because of the special requirements for access,
structural support, and drainage, roof gardens are found most frequently in new
construction. The services of a professional engineer are required to evaluate the
structural and drainage constraints associated with roof garden design.

Roof Ponding Areas
Roof ponding is applicable where the increased load of impounded water on a roof will
not increase the building costs significantly or require extensive reinforcement. Water
ponding will increase structural costs. Roof ponding generally is not viable for large-
area commercial buildings where clear spans are required. Special consideration must be
given to ensuring that the roof will remain watertight under a range of adverse weather
conditions. Low-cost synthetic membranes can be used to construct an impermeable
liner for the containment area.

19.2. Meeting Regulatory Requirements

A listing of the major design elements is provided on the first page of this section. At a
minimum, any rooftop runoff management system must meet the major design elements
indicated as being from the North Carolina Administrative Code. To receive credit for
reduction of volume or peak flow listed in the front of this Section, the rooftop runoff
management system must meet all of the major design elements listed in the beginning
of this Section. Runoff volume and peak flow calculation methods are discussed in
Chapter 3. Green roofs seeking runoff volume reduction credit will use the Simple
Method to quantify the credit. Designers shall use an impervious fraction for a green
roof equal to half the impervious fraction for a standard roof. Green roofs seeking peak
flow reduction shall use a Rational C Coefficient equal to 0.65. Green roofs shall not
receive nutrient reduction credit. When using the Neuse and Tar-Pamlico nutrient
export models, the BMP designer will enter one of the following land uses into the
model; transportation impervious, roof impervious, managed pervious, wooded
pervious, or area taken up by the BMP. Each of these land uses has an associated
nutrient loading value associated with it. Impervious areas have higher nutrient export
values than pervious areas. Because green roofs do not receive nutrient credit, their
areas shall be entered into the model as "roof impervious". If they were entered as one
of the other land uses with a lower nutrient export value, then they would indirectly
receive nutrient credit. This is not permissible.

Pollutant Removal Calculations
Rooftop runoff management BMPs do not provide active pollutant removal and are
therefore given 0% pollutant removal rates as shown in the beginning of this Section.
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Volume Control Calculations
Some rooftop runoff management BMPs can be designed with enough storage to meet
the specific stormwater program volume control requirements (calculations for which
are provided in Section 3.4). Others do offer some active storage volume, so if used in
series with another BMP with volume control capabilities, they might be able to meet the
requirements. All rooftop runoff management BMPs provide some passive volume
control capabilities by providing pervious surface (any planted area measured on a
horizontally projected footprint basis) and therefore reducing the total runoff volume to
be controlled. However, volume control calculations shall not result in a reduction in
the nutrient loading.

19.3. Design

19.3.1. Vegetated Roof Covers

Because of recent advances in synthetic drainage materials, vegetated roof covers are
now feasible on most conventional flat and gently sloping roofs. A lightweight, efficient
drainage layer is placed between the growth medium and the impermeable membrane
protecting the roof surface. This layer rapidly conveys water off the roof surface and
prevents it from ponding on the roof. Vegetated roof covers also serve to protect roof
materials and prolong their life, primarily by shielding from UV and temperature
extremes. European data show that green roofs can double the life span of a roof.

Although vegetative roof covers are most effective during the growing season, they are

also beneficial during the winter months if the vegetative matter from the dead or
dormant plants is left in place and intact.

The emphasis of the design should be to promote rapid roof drainage and minimize the
weight of the system. It is advisable to obtain the services of specialized installers
because of the many factors that may influence the design.

19.3.1.1. Waterproof Roof Liner

In some instances, the impermeable lining can be the watertight tar surface, which is
conventional in flat-roof construction. However, where added protection is desired, a
layer of plastic or a rubber membrane can be installed immediately beneath the drainage
net or sheet drain.
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19.3.1.2. Drainage Net or Sheet Drain

The drainage net or sheet drain is a continuous layer that underlies the entire cover
system. A variety of lightweight, high-performance drainage products function well in
this environment. The product selected should be capable of conveying the discharge
associated with the design storm without ponding water on top of the roof cover. The
drainage layer must have a good hydraulic connection to the roof gutters, drains, and
downspouts. To prevent the growth medium from clogging the drainage layer and to
prevent roots from penetrating the roof surface, a geotextile should be installed
immediately over the drainage net or sheet drain. Some products have the geotextile
bonded to the upper surface of the drainage material. A root retardant (such as copper
sulfate) is typically included in this geotextile.

19.3.1.3. Lightweight Growth Medium

The depth of the growth medium should be as small as the cover vegetation will allow,
which is typically 3 to 6 inches. Low-density substrate materials with good water-
retention capacity (e.g., mixtures containing expanded slate, expanded shale, expanded
clay, and terra cotta) should be specified. Media appropriate for this application will
retain 40 to 60 percent water by weight and have bulk dry densities between 35 and
50 lb/ft3. The make up of the media will vary depending on the types of plants used, but
an example media make up would be 55% expanded Slate, 30% root zone sand, and 15%
compost. Care should be taken when specifying compost because it will eventually break
down over time and the depth of the media will therefore decrease. A photograph of
expanded slate is provided in Figure 19-3. Earth and topsoil are too heavy for most
applications, as well as being too wet for succulent and other recommended vegetation
and too dry for grasses.

Figure 19-3
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19.3.1.4. Vegetation

A limited number of plants can thrive in the roof environment where periodic rainfall
alternates with periods that are hot and dry. Effective plant species must: tolerate mildly
acidic conditions and poor soil, prefer very well-drained conditions and full sun, tolerate
dry soil, and be vigorous colonizers. It should also be noted that conditions can be much
wetter for longer periods near a gutter or drain and dryer near the peaks. Succulents
have shown to be very successful in vegetative roof covers, and are preferred to grasses.
Both annual and perennial plants can be used. Vegetative roof covers may need
provisions for occasional watering (e.g., conventional lawn sprinklers) during extended
dry periods. A vegetation plan prepared by a horticulturalist versed in green roof
vegetation is required.

19.3.1.5. Hydraulics

Vegetative roof covers influence the runoff hydrograph in two ways: intercepting
rainfall during the early part of a storm, and limiting the release rate. Hydrologic
properties are specific to the growth medium. If information is not provided by the
supplier, prospective media should be laboratory-tested to establish:

- Porosity
- Moisture content at field capacity
- Moisture content at the wilting point
- Saturated hydraulic conductivity

Rainfall retention properties are related to field capacity and wilting point. Appropriate
media for this application should be capable of retaining water at the rate of 40 percent
by weight, or greater. The medium must be uniformly screened and blended to achieve
its rainfall retention potential. During the early phases of a storm, the media and root
systems of the cover intercept and retain most of the rainfall, up to the retention
capacity. For instance, a 3-inch cover with 40 percent retention potential effectively
controls the first 1.2-inch of rainfall. Although some water percolates through the cover
during this period, this quantity is generally negligible compared to the direct runoff
rate without the cover in place. Studies on several green roofs in North Carolina show
capture volumes ranging from 0.5" to 1.2" (Moran et al, 2005). Capture rates are
dependent on rainfall intensity, antecedent rainfall, time of year, evapotranspiration,
and roof pitch. Green roofs on pitches steeper than 1:12 do not function as well as for
water quality and quantity control. Vegetated roof covers should be kept on slopes of 8
percent or less, if they are being used to mitigate water quality or quantity.

Once the field capacity of the cover is attained, water drains freely through the medium
at a rate that is approximately equal to the saturated hydraulic conductivity of the
medium. The maximum release rate from the roof can be controlled by selecting the
appropriate medium. The medium is a mechanism for "buffering" or attenuating the
peak runoff rates from roofed areas. The attenuation can be important even for large
storms. By using specific information about the hydraulic properties of the cover
medium, the effect of the roof cover system on the runoff hydrograph can be
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approximated with numerical modeling techniques. As appropriate, the predicted
hydrographs can be added into site-wide runoff models to evaluate the effect of the
vegetative roof covers on site runoff. The hydraulic analysis of roof covers requires the
services of a properly licensed design professional experienced in this type of drainage
design.

Drainage nets or sheet drains with transmissivities of 15 gallons per minute per foot or
higher are recommended. When assessing a drainage layer design, designers should
evaluate the roof topography to establish the longest travel distances to a roof gutter,
drain, or downspout. If flow converges near drains and gutters, the design unit flow rate
should be increased accordingly. The drainage layer should be able to convey the design
unit flow rate at the roof grade without water ponding on top of the cover medium.

For storms larger than the design storm, direct roof runoff will occur. The design flow
rates should be based on the largest runoff peak attenuation considered in the design of
the vegetated roof cover.

19.3.1.6. Weight Considerations

Roof designs are dictated by state and local building codes and standards. They must
account for maximum design loads contributed by dead loads, live loads, and snow or
water accumulation. The design of a vegetative roof cover can alter the dead loads to
the system and it should therefore be closely coordinated with the structural design of
the building. Dead loads for vegetated roof covers include the planting medium,
vegetation, drainage system, and water in the pore space. However, the additional
weight is partly offset by the removal of the gravel ballast.

By usingappropriate materials, the total weight of fully saturated vegetated roof covers
can readily be maintained below 35 pounds per square foot (psf). Vegetative roof covers
in North Carolina tend to weigh between 30 and 35 psf in addition to other dead, live
and/or snow loads.

It is also possible that the minimum weight design focus for the vegetated roof cover
might be too light to satisfy the ballast requirements for flat tar roofs. As required,
deepening the medium can increase the weight of the cover system.

19.3.2. Roof Gardens

Roof gardens generally are designed to achieve specific architectural objectives. The load
and hydraulic requirements for roof gardens vary according to the intended use of the
space. Intensive roof gardens typically include design elements such as planters filled
with topsoil, decorative gravel or stone, and containers for trees and shrubs. Complete
designs also may detain runoff ponding in the form of water gardens or storage in
gravel beds. A wide range of hydrologic principles may be used to achieve stormwater
management objectives, including runoff peak attenuation and runoff volume control.
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Effective designs ensure that all direct rainfall is cycled through one or more devices
before being discharged to downspouts as runoff. For instance, rainfall collected on a
raised tile patio can be directed to a medium-filled planter where some water is retained
in the root zone and some is detained and gradually discharged through an overflow to
the downspout.

19.3.3. Roof Ponding Areas

Roof ponding measures can be designed for rainfall events of all sizes. However, the
structural loads associated with the impounded runoff may impose limitations on their
use. This is especially true if ponding areas must also accommodate runoff derived from
adjacent roof surfaces.

Flat roofs can be converted to ponding areas by restricting the flow to downspouts.
Figure 19-4 shows a simple device that can be used to modify downspout inlets. The
device features drain holes that retard outflow as the water level rises and a weir ring
that allows free drainage once the design ponding level is attained. It is essential that a
structural engineer verify that the existing roof can carry this extra weight. Some form of
emergency overflow is advisable and can be as simple as a free overflow through a
notch in the roof parapet wall.

Figure 19-4
Modification of Downspout Inlet (Adapted from Tourbier, 1974)

Ponding Ring

Strainer

2"-4" Typ.

Existing Inlet Roof Drain Drain Holes

The inputs needed for analysis of roof ponding systems are similar to those needed for
design of dry ponds and other runoff peak attenuation facilities. The necessary inputs
are:

- Input hydrograph
- Depth-storage function
- Depth-discharge function

Because the roof is impermeable, the runoff hydrograph is simply the rainfall
distribution for the design storm multiplied by the area of the roof.
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The depth to storage relationship can be computed from the topography of the roof. For
perfectly flat roofs, the storage volume of a ponding level is equal to the roof area times
the ponding level.

The depth-discharge relationship is unique to the outlet device used. For simple
ponding rings, the following discharge equation can be used:

0 = 3.141 CD(d - H)3/2

where:

0 = outflow rate (cfs)
D = diameter of the ring (ft)
d = depth of ponding (ft)
H = height of the ring (ft)
C = discharge coefficient (typically 3.0 but may vary depending on the shape of

the flow device)

With this information, the attenuation effectiveness of the roof ponding system can be
predicted by using the Modified Puls or other storage-routing procedure. The
performance of the ponding area can be adjusted by changing the height or diameter of
the ponding ring.

19.3.4. Cisterns

Cisterns, or rainbarrels, are a method of collecting and storing rainwater for future use.
Uses include irrigation, vehicle washing, toilet flushing, and laundry operation.
Cisterns are effective for reducing runoff if they are used correctly. Cisterns must be
designed to capture an appropriate volume of water that will be re-used onsite on a
regular basis. Cisterns that are not used regularly will remain full, not collect rainfall
from future storms, and not reduce runoff. Cistern pumps can be included in a design
where an increase in water pressure is needed. Pumps should be designed to
accommodate the necessary pressure and flow for the system.

19.4. Construction

The main construction guideline is to engage professionals who are experienced with
rooftop runoff management BMP installation, and preferably who can undertake all
phases of the project from waterproofing to planting.

Additional loading is one of the main factors controlling the feasibility and cost of a
rooftop runoff management BMP. New extensive green roofs can be accommodated in
building design for a minor additional cost. Rooftop runoff management BMPs on an
existing building need to consider the bearing capacity of the structure. It is also possible
to use roof areas where point loading can be increased over columns or along a bearing
wall, to allow areas for deeper growing medium and larger plants. A structural engineer
must be consulted and verify roof and structure strength.

Rooftop Runoff Management 19-11 July 2007



NCDENR Stormwater BMP Manual Chapter Revised: 09-28-07

Access to the roof is required for inspection and maintenance. For example, materials
need to be carried to the roof for soil and plant replacements. Suitable exterior or interior
access or elevator stops need to be provided to allow this access. For 1 to 3 story
structures, blower trucks or shingle lifts may be used.

A waterproof membrane is an essential component of a rooftop runoff management
BMP. It is recommended that a membrane be installed as the rooftop runoff
management BMP is deployed. In addition, good drainage must be provided to prevent
extended contact with water and reduce the possibility for leaks and for plant mortality
due to drowning or rotting. Roof appurtenances such as parapets, skylights, mechanical
systems, and vents should be well protected with a gravel skirt, and when necessary,
weep drains.

If the waterproof membrane contains organic material (e.g., bitumen) plant roots may
penetrate it. Also, the chemical composition of the membrane should be compatible with
the surfaces with which it will be in contact. Membranes developed specifically for
rooftop runoff management BMPs contain a root-deterring chemical or metal foil at the
seams to prevent root damage (Peck and Kuhn, 2004).

On a roof slope greater than 20 degrees, horizontal strapping or other support systems
must be installed to avoid slippage and slumping of the growing medium and plants.

The timing of planting depends on the local climate and season. Planting in the summer
may require additional irrigation. Fall planting depends on the availability of plants and
whether there is sufficient time to allow for the plants to become established before late
winter. Mid-spring planting (Feb - Apr) is recommended for much of North Carolina.
Rooftop runoff management BMPs constructed in the mountains are best planted Mar -
May.

19.5. Maintenance

19.5.1. Common Maintenance Issues

Please refer to Section 7.0, General BMP Maintenance, for information on types of
maintenance, typical frequency, and specific maintenance tasks that are common to all
BMPs. The following information is maintenance that is specific to rooftop runoff
management BMPs.

Two to three yearly inspections are recommended to check for weeds and damage. After
installation, weekly visits may be needed to ascertain the need for irrigation.

Both plant maintenance and maintenance of the waterproofing membrane are required.
All rooftop runoff management measures must be maintained periodically.
Furthermore, the vegetative measures require routine care and maintenance typical of
any planted area. The maintenance includes attention to plant nutritional needs,
irrigation as required during dry periods, and occasional weeding. The cost of
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maintenance can be significantly reduced by judiciously selecting hardy plants that will
out-compete weeds. In general, fertilizers must be applied periodically. Fertilizing
usually is not a problem on flat or gently sloping roofs where access is unimpeded and
fertilizers can be uniformly broadcast. However fertilization is not recommended if the
roof is to be used for water quality improvement. Treading on the cover system should
not damage properly designed vegetated roof covers. Maintenance contracts for routine
care of the vegetative cover frequently can be negotiated with the installer.

Retrofits of existing roofs must incorporate easy access to gutters, drains, spouts, and
other components of the roof drainage system. Foreign matter, including leaves and
litter, should be removed promptly.

19.5.2. Sample Inspection and Maintenance Provisions

Important inspection and maintenance procedures:
- The plants will be watered during extended periods of dry weather.
- Fertilize only once per year as long as the rooftop runoff system is not intended

for nutrient removal.

The rooftop runoff management system will be inspected once a quarter and within 24
hours after every storm event greater than 1.0 inches (or 1.5 inches if in a Coastal
County). Records of inspection and maintenance will be kept in a known set location
and will be available upon request.

Inspection activities shall be performed as follows. Any problems that are found shall
be repaired immediately.

BMP element: Potential problem: How to remediate the problem:
The plants materials Weeds are present. Remove the weeds by hand.

Vegetation is dead or Try to determine the cause of the
diseased, problem (may wish to consult an

expert). Correct the problem and
replace the plants.

The flow diversion The structure is clogged. Unclog the conveyance and dispose
structure of any sediment off-site.

The structure is damaged. Make any necessary repairs or
replace if damage is too large for
repair.

Gutters, drains and Clogging has occurred. Remove leaves, debris, and other
spouts foreign matter and dispose of in a

manner that will not impact streams
or the BMP.

Damage has occurred. Repair or replace the damaged
conveyances.
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September 28, 2007 Changes:
1. Major Design Elements: Reformatted to include numbered requirements.

2. Regulatory Credits: Specified that the Simple Method must be used to calculate volume.
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20. Proprietary Systems

Description
A proprietary system is a manufactured device in which stormwater receives treatment before
being discharged to another BMP or to the receiving water. This is a broad category of BMPs
with a variety pollutant removal mechanisms and varying pollutant removal efficiencies.

Regulatory Credits Feasibility Considerations
Pollutant Removal varies with the type of device
and its sizing.

varies Total Suspended Solids Small Land Requirement
varies Total Nitrogen Med Cost of Construction
varies Total Phosphorus Med-High Maintenance Burden

Water Quantity effect varies with the type of Small-Med Treatable Drainage Basin Size
device and its sizing. Med Possible Site Constraints

varies Peak Attenuation Med Community Acceptance
varies Volume Capture

Advantages Disadvantages
- Can be cheaper than traditional - Generally, performance in North Carolina

technologies for stormwater treatment, installations is not yet well documented.
- Typically requires less land surface than - Underground installations are not readily

traditional technologies. inspected, and typically lack provisions to
- May be engineered to target specific warn of impending failure.

pollutants. - Because of reduced size compared to
- May find applications where available traditional technologies, maintenance

land is extremely limited, actions may be more frequent.
- May allow dual use of the land surface, - The additional monitoring requirements

since some systems are underground. placed on proprietary systems can
discourage some potential owners.
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Required by the NC Administrative Rules of the Environmental Management Commission. Other
specifications may be necessary to meet the stated pollutant removal requirements.

Sizing shall take into account all runoff at ultimate build-out including off-site drainage.
1 BMP shall be located in a recorded drainage easement with a recorded access easement to a

public ROW.

The BMP may not be located within one mile of and draining to waters classified as HQW;
2 including waters classified as ORW, WS-I, WS-ll, SA, and Primary Nursery Areas (PNA).

3 Monitoring is required to verify the installed performance of the BMP.
Alternative stormwater treatment measures must be available and must be installed, upon

4 DWQ's determination that the BMP has failed.

5 An operation and maintenance plan is required.
The system must be designed by a professional licensed in North Carolina. The design

6 professional must also certify that he inspected the system during construction; that the
installation conformed to the approved plans and specs; and that the system meets the
requirements of the rules.

Required by DWQ policy. These are based on available research, and represent what DWQ considers
necessary to achieve the stated removal efficiencies.

7 Additional design and performance monitoring requirements will be developed on a case-by-case
basis by DWQ.

20.1 General Characteristics and Purpose

Many different proprietary devices, or manufactured BMPs, are available for the
treatment of stormwater. Many, though not all, proprietary BMPs can be classified into
two major groups: separation devices and filtration devices. Separation devices can be
further subdivided into two types: chambered and hydrodynamic. In chambered BMPs,
runoff passes through several chambers where settling of sediment particles and
flotation of hydrocarbons takes place. Hydrodynamic devices typically impart a
swirling motion to the incoming flow that aids in settling of sediment particles.
Filtration BMPs typically pass runoff through filter cartridges or filter media, thereby
removing some fraction of the solid pollutants from the stormwater.

In order to prevent re-suspension and subsequent discharge of sediment, many
proprietary BMP systems have provisions to allow bypassing of large storm events that
are in excess of the design storm.

Regular inspection, maintenance, and clean out of proprietary systems is required for
best performance. As with all BMPs, proprietary systems should be inspected after large
storm events.
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Proprietary devices may be designed as stand-alone BMPs, achieving complete
stormwater treatment and control as required by the regulatory program or jurisdiction
governing the installation of the unit. Or, they may also be designed as part of a
stormwater treatment and control train, in combination with other BMPs.

20.2 Meeting Regulatory Requirements

To obtain a permit to install a proprietary system in North Carolina, the proprietary
system must meet all of the Major Design Elements listed in the beginning of this section.
Since individual proprietary systems are extremely variable in design details, design
concepts, and pollutant removal mechanisms, it is not currently possible to provide a
category-wide set of detailed design parameters for proprietary systems. DWQ typically
approaches permitting requirements on a case-by-case basis, and determines additional
requirements in accordance with site conditions, the specifics of the device, the target
pollutants, and the identified pollutant removal requirements for the governing regulatory
program.

20.3 The Preliminary Evaluation Period Program (PEP)

In 1997 DWQ established the Preliminary Evaluation Period (PEP) program. The PEP
program is designed to allow DWQ to evaluate the performance of proprietary devices
with the goal of subsequently being able to qualify successful candidate technologies as
permittable on a statewide basis.

The PEP program requires installation of the candidate technology at a small, limited
number of North Carolina permitted sites. For each candidate technology, DWQ will
develop the PEP requirements applicable to the technology. Further, DWQ requires a
device-specific project plan, a monitoring plan, and an interpretation of the collected
data from the permitted site. In past PEP projects DWQ has required a year of data,
with an established minimum number of qualifying storm events. DWQ's favorable
interpretation of the first set of data allows the candidate technology to continue in the
PEP program, but at another in-state location. After the small number of data sets are in
hand, DWQ will establish the assigned removal rates, design loading limitations, and
design particulars for the candidate proprietary technology. The intent is that with the
performance characterizations and constraints derived from the test locations, DWQ can
then provide qualified statewide approval of the particular BMP.

Despite having the PEP program in place since 1997, there have been relatively few
enrollees in the program. The program is evolving, and it is likely that the technical
requirements and the procedural requirements will be adjusted with experience in the
program. DWQ is alert to mixed results from other states as to the success of other
programs intended to qualify proprietary devices.

Proprietary Systems 20-3 July 2007
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September 28, 2007 Changes:
1. Major Design Elements: Reformatted to include numbered requirements.
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CHAPTER 21

BMP CONSTRUCTION TECHNIQUES

A CHAPTER WILL BE DEVELOPED ON BMP CONSTRUCTION
TECHNIQUES



CHAPTER 22

STORMWATER MANAGEMENT PLANS: SUBMITTAL
REQUIREMENTS

A CHAPTER WILL BE DEVELOPED ON SUBMITTAL REQUIREMENTS FOR
STORMWATER MANAGEMENT PLANS
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APPENDIX A

Stormwater Links

* NC Stormwater-Related Rules and Statutes
http:/ /www.ncstormwater.org/ pages/local gov laws.html

* Universal Stormwater Management Rule
http:/ /h2o.enr.state.nc.us/su/usmp.htm

" North Carolina Stormwater BMP Manual
http:/ /h2o.enr.state. nc.us/ su / bmp-updates.htm

" NC Administrative Rules Relating to Water Quality including
2H .1000 "Stormwater Management"
http://h2o.enr.state.nc.us/admin/rules/codes statutes.htm
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SECTION III

STORMWATER IMPOUNDMENTS

GENERAL

Stormwater impoundments serve several purposes in urban watersheds. Impoundment types
include flood-control reservoirs, stormwater detention ponds, aesthetic or recreational ponds,
sediment-control basins, water-quality-control ponds, and even culverts. Multipurpose facilities
are common, and there are many variations on the theme. Irrespective of purpose, impoundments
are subjected to flood-wave loading. The elementary design of impoundments for the control or
passage of flood waves is treated in this section.

The process of design and analysis of stormwater detention systems has emerged as a routine
activity in stormwater management in recent years. Stormwater detention is essentially flood control
at small scale. Flood water is stored temporarily in an impoundment and released such that the
maximum release rate is reduced to some satisfactory level below that which would have been
expected withoutthe detention facility. The design objective in a typical stormwater detention
regulation might require that the ten-year peak discharge from a site after development be no greater
than the ten-year peak discharge from the same site prior to development. The design storm for
detention varies from place to place, but the ten-year storm seems to predominate. Application of
detention policy on a watershed basis requires careful consideration of whether to distribute control
facilities widely at small scale or to develop larger scale flood-control reservoirs at strategic points in
the stream system.

Facilities take several forms. The larger scale ponds usually involve placing flood storage above
a normal pool. Smaller scale facilities may use normally dry ponds designed in conjunction with
other uses: storage on parking lots, in parks, perhaps behind culverts. Rooftop storage, though
sometimes used, seems to the author rarely justifiable.

The design process includes formulation of the inflow hydrograph, selection of the size and
shape of the storage container, and selection of the type and size of the outlet device.

For an impoundment, there are virtually always two design storms to consider. One is the
control storm for which the principal spillway is designed. The other is the emergency storm, a
large storm for which an emergency spillway is designed to pass the excess discharge without
overtopping the dam. In some facilities the principal spillway incorporates the emergency capacity.

The basis for analyzing detention facilities is the flood-routing algorithm. It derives from the
continuity principle which states that, at every instant during the passage of a flood, the rate of
change of storage in the-reservoir is equal to the rate of inflow minus the rate of outflow. There are
several procedures available for executing the routing algorithm. All involve a numerical solution of
the differential equation:

ds =1-0
dt

where:

ds = Rate of change of storage with respect to time.
dt

I = Rate of inflow.
0O= Rate of outflow.
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A detention basin or reservoir or impoundment consists of a storage volume and outlet devices
which together cause the inflow hydrograph to be flattened as it comes through the basin. A
hydrograph is a record (graph or table) of discharge versus time. In a flood, the discharge increases
from some negligibly low rate to a peak, and then it falls away gradually to a small rate again. The
area under the curve plotted as the hydrograph is equal to the volume of water constituting the
flood. That same volume is preserved under the outflow hydrograph. In the usual detention
impoundment, the volume of water in the flood is not reduced. The shape of the hydrograph is
made longer and flatter such that the peak flow is satisfactorily reduced.

In view of this brief discussion, it may be inferred that all routing procedures, in order to model
a reservoir, must involve three sets of source data on which to operate. One set represents the
inflow hydrograph. Another represents the size and shape of the storage container. The third
represents the hydraulics of the set of outlet devices. In the discussion below, the formulation of
the source data is first treated, followed by a discussion of routing procedures. Design is discussed
following analysis.

MATHEMATICAL MODELS

The principal mathematical models used in the design of stormwater impoundments are:

1 . Hydrograph formulation procedures -- Several options exist for modeling the storm
hydrograph representing the loading of the impoundment.

2. Weir equations -- used for modeling important elements of outlet devices that behave as
weirs.

3. Orifice equation -- used for modeling elements of outlet devices judged to behave as

orifices.

4. Energy balance -- used to model outlet behavior in systems having high tailwater.

5. Continuity principle -- the guiding principle for modeling the passage of a flood wave
through a reservoir.

SOURCE DATA

Inflow Hydrograph

The formulation of the inflow hydrograph is the most difficult of the tasks comprising flood
routing. Hydrograph formulation procedures involve a great deal of uncertainty. The objective is to
obtain the hydrograph for say the ten-year storm at a given point of interest. But one can show, for
example, that the ten-year storm is not a unique event and that there is a spectrum of storms that
would qualify under statistical analysis as a ten-year storm. A ten-year storm can be one that is
brief, producing a steep hydrograph of small volume, or it may be a storm of long duration,
producing the same peak in a long hydrograph of large volume. If these storms have peaks equal to
the discharge associated with the ten-year flood, they both qualify as such, but if one routes each of
them through a given impoundment, the outflow hydrographs produced will be quite different. In
the face of such uncertainty, hydrograph formulation procedures necessarily include arbitrary
judgments, and the various procedures make different arbitrary judgments. So, adoption of a
method becomes a matter of local consensus. Methods that prevail in one location find no favor in
another.
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Alternate Hydrozraph Formulation Methods

Methods exist in large variety. Perhaps the most detailed are the computerized watershed models
such as HEC1 of the Corps of Engineers and TR-20 of the Soil Conservation Service. For smaller
watersheds, the methods of TR-55 are useful (SCS, 1986). Desktop methods, such as
unit-hydrograph synthesis, are described in most hydrology texts. Many of these require a heavy
investment of time and effort in field data gathering and data set preparation. Such precision may
not be justified for small facilities and early feasibility studies.

Small-Watershed Hydrograph-Formulation Method

The author has proposed a method for use in routine design of small systems and for feasibility
studies and site selection studies of larger watersheds (Malcom, et al, 1986). A variation of the
method was adopted for use in design of facilities in the Houston area (Harris County, TX, 1984).

The method is based upon the observation that there are three important aspects of the
hydrograph on which the design will depend. These are the peak discharge, the volume of water
under the hydrograph, and the shape of the hydrograph. Separate decisions may be made-regarding
these, and the hydrograph will be determined. The necessary decisions, and the author's
suggestions are:

1. Accept as a pattern function a step-function approximation to the SCS dimensionless
unit hydrograph (see McCuen, 1982, for a listing and discussion). The step-function
devised by the author is

For 0 • t < 1.25 Tp

Q = VP-[ -Cos 1-71) -- 1

For t > 1.25 Tp

Q = 4.34 Qp exp 1.30 (1I1-2)

in which

Qp = Peak discharge of the design hydrograph

Tp = Time to peak of the design hydrograph, measured from the time of significant rise of
the rising limb to the time at which the estimated peak occurs

t = Time of interest at which the discharge is to be estimated.

The argument of the cosine is in units of radians.

The volume of water under this hydrograph is, in consistent units,

Vol = 1.39 Qp Tp (11I-3)
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From this, the appropriate time to peak may be estimated as

Tp Vol .1Vol1.39 Qp

Having accepted the pattern function, estimates of peak discharge and hydrograph
volume may be made to allow computation of the time to peak. Use of the peak
discharge and time to peak in the step function will provide a hydrograph that peaks at
the estimated peak discharge and possesses the estimated volume.

2. Estimate the peak discharge by any applicable means. For small systems, the author
usually obtains acceptable results with the Rational Method (see Section I), but other
methods of peak estimation may be used as appropriate. The idea is to decide at what
discharge the hydrograph is to reach its peak.

3. Estimate the volume under the hydrograph by any applicable means. Here is the
arbitrary judgment similar to that which is imbedded in any design hydrograph
formulation technique. The author has found that hydrographs can be matched
reasonably closely with the significant center portions of those of methods that use a
24-hour center-weighted design storm. It is usually satisfactory to include under the
hydrograph the volume of runoff from the six-hour precipitation of the return period
of interest. The depth of precipitation may be obtained from Exhibit 2, or similar.
Runoff depth may be estimated from the Soil Conservation Service Curve Number
Method, in which a Curve Number estimate is obtained for the soil type and cover
conditions of the watershed (McCuen, 1982). The following equations yield an
estimated depth of runoff:

S = 1000.10 (111-5)
CN

Q, (P - 0.2 S)2 (111-6)
P+ 0.8 S

in which:

S = Ultimate soil storage (in)

P = Precipitation depth (in)

Q* = Runoff depth (in), the asterisk being added by the author to distinguish this use
of Q, which is depth, from the usual use of Q, which is discharge.

Volume of runoff is found by multiplying runoff depth by watershed area.

Stage-Storage Function

The stage-storage function represents the most important aspects of the size and shape of the
storage container in its influence on the shape of the outflow hydrograph. The stage-storage
function may be presented as a graph of stage plotted versus storage. Stage is the elevation of the
water surface in the reservoir, most conveniently referred to the lowest point or reservoir bottom.
Storage is the volume of water held in the reservoir, most conveniently expressed in cubic feet,
when water level is at the associated stage.

The stage storage function can be formulated either as a graph or as a mathematical expression.
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In many cases, the detention storage container is a natural stream valley, a ravine or a draw that
has evolved to its current topographic shape over time. The source of information for the
stage-storage function is usually a topographic map.

A representative set of storage volumes can be computed by applying the average-end-area
method vertically from contour to contour. A conventional stage-storage curve may thus be plotted.
If one plots storage versus stage on log-log axes, the resulting line is usually remarkably straight,

suggesting that the reservoir stage-storage function may be adequately represented by a
power-curve fit of the form

S =Ks Zb (bI7)

in which

S = Storage volume (cu ft)

Z = Stage (ft) referred to the bottom of the reservoir

The computation of such a function is perhaps best illustrated by an example. Figure II- I shows
the contours digitized from city topo for a location in piedmont North Carolina. The site is just
upstream of a road crossing thought to be suitable as a detention basin. The computation is carried
out in Table 111-1.

Figure II- I
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Table I-1
Computation of a Stage-Storage Function

1 2 3 4 5 6 7 8

S Z
CONTOUR INCR ACCUM

CONTOUR AREA VOL VOL STAGE In S In Z Z est

[sq ft] [cu ft] [cu ft] [ft] [ft]

699 0 0 0
700 784 392 392 1 5.9713 .0.0000 1.10
702 9402 10186 10578 3 9.2665 1.0986 2.99
704 37140 46542 57120 5 10.9529 1.6094 4.99
706 83730 120870 177990 7 12.0895. 1.9459 •7.05
708 141746 225476 403466 9 12.9078 2.1972 9.03
710 213184 354930 758396 11 13.5390 2.3979 10.93

Regression Output:
Constant 5.647433 ==> Ks = 284
Std Err ofY Est 0.018680 b= 3.30
R Squared . 0.999908
No. of Observations 5
Degrees of Freedom 3 1T
X Coefficient(s) 3.299632 --------------------------------
Std Err of Coef, 0.018209

The following notes describe the numbered columnar computations:

1. Enter the contour elevations for which areas are measured. Elev 699 is the estimated

invert of the depression.

2. Enter the measured contour areas, most conveniently expressed in square feet.

3. Compute the incremental storage volume (between the contours) by the average-end-area
method applied vertically. The incremental volume is the average of the upper and lower
contour areas multiplied by the vertical separation of the contours. The result is in
cubic feet.

4. Enter the accumulated volume, obtained by adding each incremental volume to the sum
of the lower increments. The result is the total storage available at each contour.

5. Enter the stage, or depth, referred to the invert of the pond.

One may usefully plot a stage-storage curve by using the data of columns 4 and 5. However,
there is much more information readily obtainable from the stage-storage function of the form of
Equation 111-7. The columnar computations of Table III-1 continue:

6. Enter the natural logarithm of Storage (the accumulated volume of col. 4).

7. Enter the natural logarithm of Stage (col. 5).

111-6
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There are two reasonable ways to determine the values of Ks and b of Equation U1I-7. Both
depend upon the assumption that the logarithm of storage is linear with the logarithm of stage. The
first few times one does the calculation, it is instructive to plot storage versus stage on log-log axes;
or, if a spreadsheet program is being used, to plot In S versus In Z, as in Figure III-2.

It is usually true that the lowest point lies somewhat off the line of best fit. The purists among
the readers will argue rightly that the fit would be improved by computing the lowest incremental
volume by a pyramidal approximation (volume being estimated as one-third of the base area times
the height). The author observes that the lowest increment trivially influences the the outcome of the
routing, and that it is reasonable to disregard the lowest point in subsequent computations. (We're
not making watches; we're merely toting water.)

Algebraic Estimation of Stage-Storage Parameters: One may select two representative points on the
curve, preferably in the upper end of the range of stage, and compute values of Ks and b. Writing
the logarithmic form of Equation 11-7 for two points and solving simultaneously yields

In *( '1"

b = (1-8)

and

Ks = S2 (111-9)
Z 2

b

Linear-Regression Estimation of Stage-Storage Parameters: Many spreadsheet programs and
programmable calculators have built-in procedures for regression analysis. For the fundamentals of
regression analysis, the reader is referred-to any basic statistics text. To carry out the operation in a
spreadsheet or on a programmable calculator, refer to the operating manual.

NOTES
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Figure 111-2

In the stage-storage function, the independent variable (X- axis) is In Z, and the dependent
variable (Y-axis) is In S. The value of the exponent, b, is the regression coefficient of the
independent variable. The value of the coefficient, Ks, is the antilogarithm of the intercept. These
values, as computed in the spreadsheet for the example problem, are shown below the columnar
computations.

Validation of thefunction: Given the assumption of linearity of the logarithms of stage and storage,
and given the inherent coarseness of topographic data, it is prudent to test the derived function
against the original data. Returning to the columnar computations:

8. Enter estimates of stage as computed for the storage values of col. 4 by Equation 11I-7
rearranged:

2 =[_.T (In- o)

Compare the values obtained in col. 8 with those of col. 5. If the differences are
tolerable, the stage-storage function is valid.

The stage-storage function as derived is plotted in Figure 11-3, with the original data values also
indicated. Clearly, the function is a valid representation of the topographic data.
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Figure IfI-3

The stage-storage function may be put to other uses:

1. It is useful early in the design process to consider the impoundment to be a vertical-sided
reservoir. To do so, set b equal to one and Ks equal to the surface area in square feet.

2. A stage-area function may be obtained from the stage-storage function by taling the
first derivative of storage with respect to stage. The results may be used to determine the
area of inundation at a given stage, or to find the stage for a desired surface area. See the
example problem.

3. Sometimes the average water depth is of interest. Using the definition of average depth
as the volume divided by the surface area, average depth is Z/b.

Stage-Discharge Function

The stage discharge function represents the most important aspects of the hydraulic performance
of the outlet device in its influence on the shape of the outflow hydrograph. The stage-discharge
function may be presented as a graph of stage (referred to the same datum as the stage-storage
function) versus discharge, or reservoir outflow.

The stage-discharge function is derived by hydraulic analysis of the set of outlet devices
comprising the spillway system of the reservoir. Usually, these devices can be adequately analyzed
by considering the individual outlets as orifices and weirs. For a sample of stages throughout the
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expected range of water level variation in the reservoir, the total outflow downstream of the dam is

co : mputed for each value of stage, and stage versus total discharge is plotted.

Weirs

Most popularly, two kinds of weirs are used -- sharp-crested and broad-crested weirs. For
both, the basic equation is:

Q=CwLH3 1 (11-11)

where:

Q = Discharge (cfs).

Cw = Weir coefficient (dimensionless). See sketches below.

L = Length of weir (ft), measured along the crest.

H = Driving head (ft), measured vertically from the crest of the weir to the water surface at
a point far enough upstream to be essentially level.

The weir coefficient depends on the conditions that exist at the crest. For sharp-crested weirs,
the value of Cw is theoretically 3.33. For broad-crested weirs Cw is 3.0. For the case of the free
overfall, use Cw = 3.0. A useful reference is King, 1963.

D H

A---hQ

D .H 2. •'H

Broad-crested weir
Cw= 3.0

DFH

T Z "'zz

Sharp-crested weir
C* = 3.33

Free overfall

Figure IH-4 Schematic sections through weirs.
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Orifices

The basic equation for orifices is:

Q=CD A• (Ili-1

where:

Q = Discharge (cfs).

CD = Coefficient of discharge (dimensionless). See below.

A = Cross-sectional area of flow at the orifice entrance (sq ft).

g = Acceleration of gravity (32.2 ft/sec2).

h = Driving head (ft), measured from the centroid of the orifice area to the water surface.

An idealized sketch of a culvert under inlet control illustrates the orifice application.

V

hz -

Ei

Figure 111-5 Schematic section through an orifice.

Table 111-2

Values of Coefficient of Discharge, Cd
Entrance Condition Cd

Typical default value 0.60
Square-edged entrance 0.59
Concrete pipe, grooved end 0.65
Con" mtl pipe, mitred to slope 0.52
Corr nil pipe, projecting from fill 0.51

Source: These values were back-calculated from the inlet-control culvert-capacity charts of
Exhibits 11 and 12 for HW/D = 2.
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The orifice equation applies only when the orifice is submerged. When the water surface is
below the top of the pipe, a useful approximation of the behavior can be obtained by assuming
discharge to be proportional to the three-halves power of depth and fitting the expression to the
orifice result at full depth.

The following is a summary step function of stage-discharge for a culvert under inlet control

arranged for use in commonly encountered units:

For Z5 <Ei (1I-13)

Q=O

For E i :Z• + E i)

Q = 0.372 CD D (Z - El)V

For Z> (-+ Ei)

Q = 0.0437CDD2(Z-2-E i)1/2

Q = [cfs] Z = [ft]

D = [in] Ei = [ft] See Figure III-5

The stage-discharge function for pipes under inlet control can be obtained using the Culvert
Capacity Charts of the Federal Highway Administration (See Exhibits 11-14 and FHWA, 1985).
Figure 111-6 illustrates the differences likely to be experienced with the function and chart. While the
differences appear to be large, there is usually no significant difference between the two versions in
routing results.

NOTES
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STAGE-D I SCHARGE COMPAR I SON
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Figure 111-6
Composite Stage-Discharge Functions

The typical case to be routed involves combinations of the fundamental orifices and weirs. The
composite stage-discharge function can be prepared by applying the fundamental relationships to the
outlet components and combining the results as the system behaves. Frequently encountered cases
are the overtopped roadway at a culvert, and various combinations of pond spillways, including the
riser/barrel spillway.

Culvert and Overtopped Road: The case of a pipe or pipes under a road or dam is illustrated in the
schematic section of Figure 11I-7. For upstream water levels at or below the crest of the weir (top
of road), outflow is computed for the pipe acting under inlet control. After the crest of the weir is
overtopped,, the outflow below the facility is the sum of the flow through the pipe and the flow over
the broadcrested weir. Thus for any upstream water level, the outflow can be determined.
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Figure 111-7 Schematic Section Culvert Under Road

Riser/Barrel Spillway: A typical configuration for the outlet of a stormwater detention pond is a
riser/barrel principal spillway and an emergency weir. There are three modes of behavior in which
the riser/barrel can act as the water rises in the pond. One and only one mode, of behavior will
control at a given stage. Each mode can be analyzed by weir and orifice equations. A schematic of
the riser/barrel system is shown in Figure 111-8.

TOP OF DAM

:. CREST
\v •EMERGENCY SPILLWAY

NORMAL

DAM

BARREL

Figure 1-I-8 Schematic Riser/Barrel Spillway
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It is instructive to picture the behavior as water rises.. To begin, water drops over the rim of the
riser. The riser rim acts as a weir with length equal to its circumference and driving head equal to
the water-surface elevation minus the elevation of the crest of the riser. As the head increases, one
would likely observe a vortex to form as control makes the transition from riser acting as a weir to
riser acting as an orifice. The orifice is formed by the top entrance of the riser, the area being the
cross-sectional area of the riser. The driving head is measured from the water surface to the
horizontal plane of the crest of the riser. These behaviors may be separately computed, as in Table
111-3, and plotted, as in Figure UI-9. In the figure, the action of the riser as a Weir is indicated by
the plus signs, and that of the riser as an orifice by the diamonds. Independently of the action at
the top of the riser, there is the action of the barrel, which is behaving as a culvert under inlet
control. In order to drive the flow through the barrel, water backs up in the inside of the riser. If the
barrel is small relative to the riser, the water may rise to submerge the crest of the riser, superseding
the action of the riser as a weir. If the barrel is relatively large, the action at the top of the riser may
go through the transition from weir to orifice control before barrel control asserts itself. In Figure
M11-9, the barrel action is plotted with triangles.

COMPOSITE STAGE-DISCHARGE PLOT

for riser/barrei w/ emergency weir
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Figure m-9

The three behaviors of the barrel may be computed separately, but at a given stage one will
control. At a given stage, choose the least of the discharges. At a given discharge, choose the
highest of the three stages.

When the emergency weir is overtopped, the contribution of the weir is added to the contribution
of the riser/barrel. In Figure 11-9, the values used in the composite function are enclosed in
rectangles. The net stage-discharge function is shown in Figure 111-10, plotted with stage on the
vertical axis and discharge on the horizontal axis as is more conventional.
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Table 1-3

STAGE-DISCHARGE FOR RISER/BARREL SPILLWAY W/ EMERGENCY WEIR

RISER/BARREL:

Dr = 72 Riser dia (in)
Etop = 4.00 Elev top riser (ft)
Cwr = 3.33 Riser weir coeff
Cdr = 0.60 Riser orifice coeff

Db = 36 Barrel dia (in)
Einv = 0.00 Elev invert barrel (ft)
Cdb = 0.60 Barrel orifice coeff

EMERGENCY WEIR:

Cw " 3.0 Weir coeff
Ecr 8.00 Elev weir crest (ft)

Lw = 45 Weir length (ft)

1 2 3 4 5 6 7

Stage Riser Riser Barrel Principal Emergency Total
(weir) (orifice) Spillway Weir Outflow

[ft] [cfs] [cfs] [cfs] [cfs] [cfs] [cfs]

0.00 0 0 0 0 0 0
0.38 0 0 2 0 0 0
0.77 0 0 5 0 0 0
1.15 0 0 10 0 0 0
1.54 0 0 15 0 0 0
1.92 0 0 21 0 0 0
2.31 0 0 28 0 0 0
2.69 0 0 35 0 0 0
3.08 0 0 43 0 0 0
3.46 0 0 48 0 0 0
3.85 0 0 52 0 0 0
4.23 7 65 56 7 0 7
4.62 30 107 60 30 0 30
5.00 63 136 64 63 0 63
5.38 102 160 67 67 0 67
5.77 148 181 70 70 0 70
6.15 198 199 73 73 0 73
6.54 254 217 76 76 0 76
6.92 314 232 79 79 0 79
7.31 378 247 82 82 0 82
7.69 445 261 85 85 0 85
8.08 517 274 87 87 3 90
8.46 592 287 90 90 42 132
8.85 670 299 92 92 105 197
9.23 751 311 94 94 184 279
9.62 835 322 97 97 277 374
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NET STAGE DISCHARGE FUNCTION
for riser/barrel w/ emergency weir
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Figure III-10

ROUTING PROCEDURES

Two routing procedures will be discussed. The most widely recognized routing procedure is
called the storage-indication method. A second method, devised by the author, is included for its
inherent simplicity and efficiency. Several names have been suggested for it: Chainsaw Routing
(it's rough and quick), California Routing (it does have its faults). Some of the author's students
have given it clever names that are regrettably inappropriate for public documentation. Of them all,
the author currently prefers Chainsaw Routing as a reminder of the coarseness of the information on
which analysis and design of these systems are based. Our tools are like chainsaws, and we aren't
making watches.

To execute either of the methods, one first formulates the three sets of source data described
above.

Routing of the flood proceeds by time steps. At each step in time during the passage of the
inflow hydrograph through the reservoir, the outflow is computed. The result is a list of values of
outflow at stated times -- the outflow hydrograph.
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Chainsaw Routing

The continuity principle states that the rate of change of storage with respect to time is the
difference between inflow and outflow:

d_ = I- O (111-14)

dt

Over a time increment:

As

The incremental change in storage can be estimated as:

A Sij = (Ii- O) A Tij. (111-16)

in which:

AS = change in storage in the time increment i to j

I = Inflow at time i

0 = Outflow at time i

AT.. = Time increment

The simplification of this method is to consider that the change in storage may be adequately
estimated by viewing the time increment as a parallelogram, whereas it is more precisely viewed as
a trapezoid (the view taken in the Storage-Indication method). Equation 111-16 becomes the basis
for taking a step through time in the routing. Note the Equation 11-16 is in consistent units. If
inflow and outflow are in cfs and if the time increment is in seconds, then storage will be computed
in cubic feet. These are the most convenient units.

The routing is conventionally carried out in a table, such as Table 111-4, which was executed in a
spreadsheet.

The reservoir in this case is a normally dry detention basin designed as a culvert. The inflow
hydrograph peaks at 368 cfs and 36 minutes and follows the step function given above. The
stage-storage function for the area upstream of the culvert was formulated such that Ks = 284 and
b = 3.30. The culvert consists of one 48-inch diameter reinforced concrete pipe with grooved end
flush with a headwall for which the coefficient of discharge is estimated at 0.65. There is a
roadway that serves as an overflow spillway. The crest elevation is at stage of 10.0 feet, the weir
length is 120 feet and the weir coefficient is 3.0 (broadcrested case). The stage reference (Z = 0) is
to the invert of the entrance of the culvert which is also the bottom of the dry pond.

A Word about Spreadsheets: In the tabular computations that follow, the values shown in the cells
of the tables were rounded back to the precision displayed. Internally in the spreadsheet program,
the computations were carried out to several significant figures. As the reader computes values in a
given cell based on displayed values in other cells, some differences may be noticed.

Selection of the Time Increment: The time increment should be about one tenth of the time to peak
(Tp), where time to peak is considered to be measured from the time of significant rise of the rising
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limb to the time at which the peak occurs. In this case the time to peak is 36 minutes, so the time
increment was conveniently selected at 4 minutes. Note that in calculations the time increment was
expressed in seconds.

Table 111-4
CHAINSAW ROUTING APPLIED TO A SITE WITH CULVERT AND OVERFLOW WEIR
Input data:

Qp 368
Tp 36

RESULTS

dT 4

Ks 284
b 3.3

OUTFLOW PEAK
MAX STAGE

173
8.94

N
Cd
D

Zi

Cw
L,

Zcr

1
0.65

48
0

3
120

10

Routing:
I 2 3 4 5 6 7

TIME INFLOW STORAGE STAGE OUTFLOW CULVERT WEIR
[min] [cfs] [cu ft] [Ift] [cfs] [cfs] [cfs]

0
4
8
12
16
20
24
28
32
36
40
44
48
52
56
60
64
68
72
76
80
84

0
11
44
94
155
219
279
328
358
368
354
320
277
239
207
179
154
133
115
100

86
74

0
0

2718

35378
64046
103103

150432
202386
254328
301293
338670
364822
381358
389740
391210
386828
377506
364032
347094
327290

0
0.00
1.98
2.45
3.48
4.31
5.17
5.97
6.69
7.32
7.84
8.26
8.56
8.75
8.87
8.93
8.94
8.91
8.84
8.75
8.62
8.47

0
0

32
44
80

100
117
130
142
151
158
164
168
170
172
172
173
172
171
170
169
167

0.0
0.0

32.4
44.1
79.7
99.7

116.6
130.5
141.9
151.1
158A
163.9
167.8
170.2
171.7
172.5
172.6
172.2
171.4
170.2
168.6
166.6

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

I _______________________________________________________
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Initialization of the Routing Table: In every routing method the routing table must be initialized to
represent the state of the system at time zero. In this case, along the row at time zero, the following
were set:

Col 2: The initial inflow is zero; the system starts with no inflow. In some cases there may
be some trivially low flow to be entered here.

Col 5: The initial outflow is set equal to initial inflow (Col 2) at time zero.

Col 4: Initial stage is set to reflect the water level in the reservoir at the beginning of the
storm. In this case the pond is dry, and the stage is zero. In some cases, there is a
normally wet pond. Then the stage is set to the initial stage of the water surface.

Col 3: Initial storage is the volume of water (cubic feet) in the reservoir at time zero. In this
case, the system is dry and the volume is zero. In the case of a normally wet pond,
the initial volume can be computed from the stage-storage function using the stage of
the initial water surface.

Taking a Time Step: In every time step, the objective of the computation is to determine the outflow
at the end of the time interval. So in this case, one would use the information at time zero and
compute the values at time 4 min. Then use the 4 min values to find those at 8 min, and so on. Let
time i be the time at the beginning of the interval and time j be the time at the end of the interval. In
the chainsaw routine, one begins by using values at time i to estimate the change in storage at time j
and to update the storage volume. Then with the known storage at time j, the stage can be computed
from the stage-storage function, and from stage the outflow can be computed from the stage-
discharge function, all at time j.

As an example, in the interval from time 28 to time 32 mrin, here is the order of computation:

Col 3: The change in storage, from Equation 1II-16, is inflow at time i (time 28 min) minus
outflow at time i multiplied by the time increment (240 sec). The change is 47,520
cu ft, which is added to the storage at time i (103,103 cu ft) to yield the storage at
time j (150,432 cu ft). (The numbers do not agree as printed because the spreadsheet
program calculates all values to maximum precision, and the values are rounded for
display.)

Col 4: At time j (32 min), calculate stage from updated storage using the rearranged
stage-storage function, Equation II1-10. At 32 rmin water has risen to stage 6.69 ft.

Col 6: At time j (32 mrin), calculate the flow through the pipe by Equation 111- 13, or by the
culvert capacity charts. For stage of 6.69 ft, the equation yields 141.9 cfs.

Col 7: At time j (32 min), calculate the flow over the weir by Equation III- 11. Note that for
this whole routing, the water level never rises above the crest of the weir, so there
is no weir flow.

Col 5: At time j (32 rmin), the outflow is the sum of the contributions of the pipe (Col 6) and
the weir (Col 7).

Col 2: At timej (32 min), the inflow is updated by using the step function (Equations HI-1
and -2) to compute the discharge at time 32 mrin. Alternatively, one could read inflow
values from a plotted hydrograph obtained by any other means. (Rounded values are
displayed.)

One can run the routing table as far as needed to determine the system responses of interest.
Usually, these are the peak outflow, the largest value in Col 5, and the maximum stage, the largest
value in Col 4.
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Sometimes this method is subject to numerical instability. It will occur if the outlet system is of
high discharge capacity and the storage container is of low storage capacity. In the real situation, the
outflow hydrograph is tracking closely the inflow hydrograph. The effect ofstorage upon outflow
is negligible. In the routing table, it will present itself when outflow exceeds inflow on the rising
limb of the inflow hydrograph. In the extreme,\change in storage becomes negative and large,
perhaps large enough to make total storage go negative, and the computation of stage becomes
impossible. Should this happen, it may be corrected by re-initializing the system on the line where
the fault occurs as follows:

1. Set outflow (Col 5) equal to inflow (Col 2).

2. Set Stage (Col 4) equivalent to outflow (Col 5), by reference to the stage-discharge
function.

3. Set Storage (Col 3) equivalent to stage (Col 4), by using the stage-storage function.

4. Restart the routing, repeating the re-initialization if necessary until the system behaves.,

If instability occurs while stage is low in a multiple pipe outlet, it is reasonable to re-initialize where
stage is near the top of the pipe. If instability persists to the inflow peak, it indicates that storage
is ineffective in the system -- there is no detention effect.

The dry pond routed here would thus reduce the peak of the hydrograph from 368 cfs to 173 cfs
by storing water to just under nine feet deep. The hydrographs are shown in Figure II- 11. In
Figure 111-12, the stage-discharge function is plotted showing the points used in the routing.

ROUTING RESULTS
Chainsaw Pouting
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STAGE- DI SCHARGE FUNCT ION
As used in example

9

5

4

3

2

0

20 40 s0 80 100 120 140 160 180

Discharge Ccfs)

Figure Il- 12

Storage-Indication Method

The routing procedure most widely accepted is the Storage-Indication method. It is treated in
most basic hydrology texts. Like all routing procedures, it proceeds from the continuity principle.
To repeat, the continuity principle states that the rate of change of storage with respect to time is the
difference between inflow and outflow:

dss =I0 (111-17)

dt

Over a time increment:

AS =I-0 (11I-18)
AT
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The incremental change in storage can be estimated as the area of a trapezoidal element:

A S.. = (i-O) AT.. (1-19)

in which:

ASij =-change in storage in the time increment i toj

I =Average inflow from time i to time j

0 = Average outflow from time i to time j

ATij = Time increment

Equation I-19 can be manipulated algebraically to obtain the following basis for taking a time step
in this procedure:

1. + + + 0 - (111-20)

in which:

1i =Inflow at the beginning of the interval

Ij = Inflow at the end of the interval

Si = Storage at the beginning of the interval

Sj = Storage at the end of the interval

Oi = Outflow at the beginning of the interval

Oj = Outflow at the end of the interval

AT = Time increment

The equation is put in this form to collect on the left side the variables known at the beginning of
the interval. From these, the sum on the right side may be computed. Note that that the right side
has a storage term tied up with the outflow. The outflow may be determined from the value of the
right side by means of a chart, or function, prepared from two of the sets of source data, stage-
storage and stage-discharge. This chart iskcalled the storage-indication curve. It is a curious function
when first viewed, but its usefulness becomes clear in the tabular computations of the routing. The
storage indication curve is a plot of a certain expression, twice the storage divided by the time
increment to which is added the outflow, versus the outflow.

The time increment must be selected prior to formulating the storage indication curve.
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, tis instructive to route the same example problem as was used in illustrating the previous
-. methd'The inflow hydrograph, stage-storage and stage-discharge functions remain the same.

Preparation of the Storage-Indication Curve: The curve is plotted by arbitrarily selecting stages and
computing the values as shown in Table 111-5.

Table 111-5

STORAGE-INDICATION CURVE CALCULATION
dT = 240 sec

1 2 3 4 5 6

Q Q 0
Stage Storage Culvert Weir Total Q (2S/dT)+O

[ft] [cu ft] [cfs] [cfs] [cfs] [cfs]

•0.00 0.OOE+00 0 0 0 0
1.00 2.84E+02 12 0 12 14
2.00 2.80E+03 33 0 33 56
3.00 1.07E+04 60 0 60 149
4.00 2.75E+04 93 0 93 322
5.00 5.75E+04 113 0 113 593
6.00 1.05E+05 131 0 131 1006
7.00 1.75E+05 146 0 146 1602
8.00 2.71E+05 160 0 160 2421
9.00 4.00E+05 173 0 173 3508

10.00 5.67E+05 185 0 185 4907
11.00 7.76E+05 196 360 556 7024
12.00 1.03E+06 207 1018 1225 9844

In the table, the columnar computations are:

Col 1: Stages are arbitrarily selected at a convenient interval.

Col 2: Storage (cu ft) is computed at each stage.

Col 3: Discharge through the culvert is computed for each stage by Equation 11-13, or
equivalent.

Col 4: Discharge is computed at each stage for the weir by Equation 111- 11.

Col 5: Total outflow is obtained by summing Cols 3 and 4.

Col 6: Enter twice the storage (Col 2) divided by dT (240 sec), plus total outflow (col 5).

For use in the routing computations, these data are usually plotted as a curve. Plot the values of
Col 6 versus the values of Col 5 as the storage-indication curve. For the example problem, the
storage-indication curve appears as Figure 11-13. If values are to be read from the curve for use in
routing, the curve should be carefully plotted on good graph paper at large scale. In the routing
example here, the actual calculation was done in a spreadsheet with the storage-indication curve
computed in a detailed table and interrogated by means of a "lookup" function.
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Figure MI-13

The routing is carried out in a table such as that in Table 111-6. The columns of the table are
selected for efficient application of Equation 111-20.

Initialization of the Routing Table: As in all such methods, the state of the system must be set at the
beginning of the storm. On Line 1, the table is initialized as follows (note the similarity to the
previous method):

Col 2: Set initial inflow from hydrograph. Here, at time zero, inflow is zero.

Col 5: Set initial outflow equal to initial inflow.

Col 3: -Compute the valu e of twice the initial storage divided by the time increment (here
240 sec), minus initial outflow. In this case, since at time zero both storage and
outflow are zero, the result is zero. If there is a normally wet reservoir, or if initial
outflow were non-zero, then a non-zero result would be expected.

Col 4: This cell of the table is not used.
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Table 111-6

STORAGE-INDICATION ROUTING APPLIED TO A CULVERT AND WEIR

Input data:
Qp = 368
Tp = 36

dT = 4

Ks = 284
b = 3.3

RESULTS:
Max Qo = 171 cfs

N

CdD

Cw =

L =Zcr=

1
0.65
48

3
120
10

Routing:

1 2 3 4 5

Line Time Inflow (2S/dT)-O (2S/dT)+O Outflow

[min] [cfs] ]cfs] [cfs] ]cfs]

1 0 0 0 na 0
2 4 11 -7 11 9
3 8 43 -9 47 28
4 12 92 17 126 54
5 16 152 96 261 83
6 20 216 255 464 105
7 24 276 506 747 121
8 28 325 840 1107 133
9 32 357 1234 1522 144

10 36 368 1653 1959 153
11 40 357 2059 2378 160
12 44 325 2412 2740 164
13 48 282 2684 3019 167
14 52 244 2870 3211 170
15 56 211 2985 3326 171
16 60 183 3037 3379 171
17 64 158 3035 3378 171
18 68 137 2988 3331 171
19 72 119 2904 3244 170
20 76 103 2788 3125 169
21 80 89 2645 2979 167
22 84 77 2481 2811 165
23 88 67 2299 2625 163
24 92 58 2102 2423 160

m-26



Taking a Time Step: A time step follows Equation M-20, followed by use of the storage-indication
curve. Let us take as an example the entries on Line 3, the time step from time 4 to ime 5 min. Line
2 contains values for time i; Line.3 contains values for time j.

On Line 3:

Col 2: Enter the computed inflow for the time of Col 1. Here, the value.was computed by
the step function (Equations II-I and -2). (Differences between inflow values in
this table and the chainsaw table are due to the use of rounded values for Qp and Tp
in this table, whereas quite precise values were used in the chainsaw table. Again --
a manifestation of the spreadsheet.)

Col 4: Compute the value of the right side of Equation 20. Inflow at time i (4 cfs) plus
inflow at time j (8 cfs) plus the value in col 3 at time i (-7 cfs) is entered in col 4 at
time j (47 cfs).. (Again, the numbers may not add exactly due to rounding of the
spreadsheet values.)

Col 5: Enter the storage-indication curve with the value in Col 4, time j (47 cfs), and find
the associated outflow (28 cfs).

Col 3: Compute this value from the values at the same time in Cols 4 and 5. Col 4 (47 cfs)
minus twice Col 5 (28 cfs) yields the value for Gol 3 (-9 cfs).

The routing continues line by line until the response of interest is obtained.

Note that the peak outflow of 173 cfs obtained by chainsaw routing agrees closely with the 171
cfs computed here. The two sets of results of the two methods are plotted in Figure 111-14.

Figure 1fI-14
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PRELIMINARY DESIGN

Reservoir design is an indeterminate problem. In order to analyze a reservoir for performance in
a design storm, the system must be routed. In order to route, the system must be known. In
design, the system is being sought. It is necessary, therefore, to select a tentative system, and then
route it. If the site must be selected from a number of alternatives, multiple routings can be
laborious. A technique for tentative sizing of a system is useful in reducing the number of
alternatives to be routed.

A very good approximation of orifice-based detention reservoirs can be obtained by a gross
linearization of the inflow and outflow hydrographs. Let the inflow hydrograph rise linearly from
the origin to the peak, Qp, and time to peak, Tp. Let the falling limb descend linearly from the peak
to zero discharge at time of twice Tp. Let the outflow hydrograph rise linearly from the origin to its
peak, Qo, at its intersection with the falling limb of the inflow hydrograph. In the triangular system
thus contrived, the storage is the area between the triangles above the outflow hydrograph. By the
triangular relationships, the storage required to reduce Qp to Qo can be estimated as:

S = (Qp- Qo)Tp (11-21)

in which:

S = Estimated storage required

Qp = Peak discharge of the inflow hydrograph

Qo = Peak discharge of the outflow hydrograph

Tp = Time to peak of inflow hydrograph, measured from time of significant rise of the
rising limb to the time to peak.

The expression is in consistent units. If discharges are in cfs, then time must be in seconds to yield
storage in cubic feet.

Equation nI-1 may be thought of as PDQ routing. It roughly estimates the storage needed to
reduce Qp to the target outflow, Qo, without knowing the system-L The storage device may be
configured accordingly, and the stage-storage function developed.

The outlet device may also be tentatively sized. In order to pick a pipe, one needs a discharge
and driving head. With these, the FHWA culvert capacity charts or the orifice equation may be used
to select the pipe or pipes to serve as the outlet. From the stage-storage function, determine the
stage necessary to; provide the estimated storage required. Using that stage and the target peak
outflow, select the pipe or pipes. It is emphasized that the technique is approximate, and that the
resulting system should be routed to confirm that it-will perform satisfactorily.

SUMMARY

The methods of this section have been assembled to support the design of detention systems.
Many jurisdictions have preferred methods for hydrograph formulation and flood routing. The
final design must be presented using their methods for acceptance. For preliminary site selection,
even design refinement, as in spreadsheets, the methods shown here can improve design efficiency.
In some cases, they are acceptable for design submission.

The step-function hydrograph formulation is very quickly executed, and it can be shown to match
reasonably well longer methods that use the 24-hr center-weighted design storm. Chainsaw
routing is an excellent spreadsheet application. The triangular hydrograph approximation can reduce
the number of routings required.
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ROUTING SPREADSHEET: EXAMPLE 111-1

INPUT DATA:

Qp = 430 cfs
Tp = 37 min
dT = 3 min

Ks
b

Zo

D 332
3.15

241.17 ft (Rf)

Dr = 72 in Wksht assumes
riser acts as weir.

Cw =

Zcr =
Ob =
Zi =

3.3
252 ft

36 in
241.17 ft

Cd = 0.59

TIME INFLOW STORAGE STAGE OUTFLOW RISER BARREL
[min] Ccfs] [Cu ft] (ft] [cfs] [cfs] [cfs]

== ====== ==== ======= == =============

0 0 6.03E+05 252.00 0 na na
3 7 6.03E+05 252.00 0 0.0 102.2
6 27 6.04E+05 252.01 0 0.0 102.2
9 60 6.09E+05 252.03 0 0.4 102.4

12 102 6.20E+05 252.10 2 1.8 102.7
15 152 6.38E+05 252.20 5 5.4 103.2
18 206 6.64E+05 252.34 12 12.2 104.0
21 260 6.99E+05 252.52 23 23.4 105.0
24 312 7.42E+05 252.74 39 39.3 106.1
27 357 7.91E+05 252.97 60 59.8 107.4
30 393 8.44E+05 253.22 84 84.0 108.7
33 418 9.00E+05 253.47 110 110.7 109.9
36 429 9.55E+05 253.70 111 138.4 111.1
39 427 1.O1E.06 253.94 112 167.8 112.3
42 411 1.07E+06 254.16 113 197.5 113.4
45 382 1.12E+06 254.36 114 226.0 114.4
48 346 1.17E+06 254.54 115 251.9 115.3
51 311 1.21E+06 254.69 116 274.3 116.0
54 .280 1.25E+06 254.81 117 293.4 116.6
57 252 1.28E+06 254.91 117 309.4 117.1
60 227 1.30E+06 255.00 117 322.6 117.4
63 204 1.32E+06 255.06 118 333.3 117.8
66 184 1.34E+06 255.11 118 341.8 118.0
69 165 1.35E+06 255.15 118 348.2 118.2
72 149 1.36E+06 255.18 118 352.8 118.3
75 134 1.36E+06 255.20 118 355.8 118.4
78 120 1.36E+06 255.21 118 357.3 118.5
81 108 1.37E+06 255.21 118 357.5 118.5
84 98 1.36E+06 255.20 118 356.5 118.4
87 88 1.36E+06 255.19 118 354.5 118.4
90 79 1.35E+06 255.17 118 351.5 118.3
93 71 1.35E+06 255.15 118 347.6 118.2
96 64 1.34E*06 255.12 118 343.0 118.0
99 58 1.33E+06 255.09 118 337.7 117.9

102 52 1.3ZE+06 255.05 118 331.8 117.7
105 47 1.31E+06 255.01 118 325.3 117.5
108 42 1.29E+06 254.97 117 318.3 117.3

Norm Surf Area =

Peak outftow =
Peak stage =

4.03 ac
118 cfs

255.21 ft,msL
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APPENDIX C

Sample Access and Maintenance Easement
Agreement



Return to: Thomas L. Horstman, CPESC
Erosion Control Supervisor
DEVELOPMENT REVIEW
Town of Cary
PO Box 8005, Cary, NC 27512

NORTH CAROLINA

WAKE COUNTY
STORMWATER CONTROL STRUCTURE AND ACCESS

EASEMENT AND AGREEMENT (Corporate)

THIS STORMWATER CONTROL STRUCTURE AND ACCESS EASEMENT
AND AGREEMENT, made this day 1 of 1, 191, (DATE OF AGREEMENT) by 2 (NAME
OF OWNER), a North Carolina corporation whose principal address is 2aa, (hereafter
"Grantor"), with, to, and for the benefit of the Town of Cary, a municipal corporation of
the State of North Carolina, whose address is P.O. Box 8005, Cary North Carolina
27512-8005 (hereinafter "Grantee" or "Town").

WITNESS E T H:

WHEREAS, Grantor is the owner in fee simple of certain real property, situated
in the Town of Cary, County of Wake, North Carolina and more particularly described as
follows:

3 (LEGAL DESCRIPTION OF PROPERTY)

It being the same land conveyed to the Grantor by deed recorded in Book 3a at
page 3a in the Office of the Register of Deeds for Wake County (hereafter referred to as
"Property"); and

WHEREAS, the property is located within the planning jurisdiction of the Town of
Cary, and is subject to certain requirements set forth in the Land Development
Ordinance of the Town, (hereafter "Cary LDO"), as such may be amended from time to
time; and

WHEREAS, one of the conditions for development of Property is the granting or
dedication of a Stormwater Control Structure easement, which includes the
implementation of certain stormwater practices such as, but not limited to, the
construction, operation and maintenance of engineered stormwater control structure(s)
as provided in Cary LDO; the dedication of an access easement for inspection and
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maintenance of the Stormwater Control Structure easement area and engineered
structures; and the assumption by Grantor of certain specified maintenance and repair
responsibilities; and

WHEREAS, this Easement and Agreement has been procured in accordance
with the requirements of N.C. G.S. Sec 143-211 et. seg. and Chapter 4, Part 4.6 of the
Cary LDO.

NOW, THEREFORE, for a valuable consideration, including the benefits Grantor
may derive therefrom, the receipt of which is hereby acknowledged, Grantor has
dedicated, bargained and conveyed and by these presents does hereby dedicate
bargain, sell, grant and convey unto the Grantee, its successors and assigns, a
perpetual, and irrevocable right and easement in, on, over, under, through and across
Property (1) for a STORMWATER CONTROL STRUCTURE easement ("hereafter SCS
Easement") of the nature and character and to the extent hereinafter set forth, more
particularly shown and described on Attachment 4 (NAME OF AS BUILT DRAWING)
which is attached hereto and incorporated herein by reference; upon which Grantor
shall construct, maintain, repair and reconstruct stormwater control structure(s),
including detention pond(s), pipes and water control structures, berms and dikes, and
shall establish and maintain vegetative filters and groundcovers; and (2) an access
easement more particularly shown and described on Attachment 4a (ATTACHMENT
NUMBER 1 OR 2), , for the purpose of permitting Town inspection and, if necessary,
maintenance and repair of the SCS Easement and engineered structure(s) as more fully
set forth herein and in Cary LDO.

The terms, conditions, and restrictions of the Stormwater Control Structure
Easement and Access Easement are:

1. The requirements pertaining to the SCS Easement are more fully set forth in Chapter
Chapter 4, Part 4.6 of Cary LDO and the "Operation and Maintenance Manual for 5
(hereafter "Operations and Maintenance Manual"), Cary, NC, prepared by 5a, and dated
5b a copy of which is on file in the Town of Cary Engineering Department. Grantor
further agrees Grantor shall perform the following, all at its sole cost and expense:

Monthly or after every runoff producing rainfall, whichever comes first:

a. Remove debris from trash rack.
b. Check and clear orifice of any obstructions.
c. Check pond side slopes; remove trash, repair eroded areas before next

rainfall.
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II. .Quarterly

a. Inspect the collection system (i.e., catch basin, piping, grassed swales) for
proper functioning. Clear accumulated trash from basin grates, and basin
bottoms, and check piping for obstructions.

b. Check pond inlet pipes for undercutting. Repair if necessary.
c. Repair any broken pipes.
d. Replace rip rap that is choked with sediment.
e. Reseed grassed swales twice yearly. Repair eroded areas immediately.

Ill, Semi-Annually

a. Remove accumulated sediment from bottom of outlet structure.
b. Check available ponding depths at several locations. If depths are reduced to

75% of original design depths, remove sediment to original design depth.

IV. General

a. Mow side slopes according to the season and species of vegetation.
b. Cattails and other invasive species shall be removed when they cover the

entire surface area of bioretention area.
c. All components of the engineered structures are to be kept in good working

order.
d. In case the ownership of the Stormwater Control Structure transfers, the

current owner shall, within thirty (30) days of transfer of ownership, notify the
Town of Cary Engineering Department, Stormwater Management Division of
such ownership transfer.

e. This property and structure are also subject to the Operation and
Maintenance Manual filed with the register of deeds.

2. Grantor represents and warrant that Grantor is financially responsible for
construction, maintenance, repair and replacement of all stormwater control structures,
appurtenances and vegetation, including the impoundment. Grantor agrees to perform
the maintenance as outlined above and in the Operations and Maintenance Manual in
consideration of the Certificate of Compliance with stormwater regulations received for
Property.

3. If Grantor fails to comply with these requirements, or any other obligations imposed
herein, in Cary LDO or Operations and Maintenance Manual the Town of Cary may
perform such work as Grantor is responsible for and recover the costs thereof from
Grantor.

4. This Easement and Agreement gives the Grantee the following affirmative rights:
Grantee, its officers, employees, and agents may enter Stormwater Control Structure
and Access Easement whenever reasonably necessary for the purpose of inspecting
same to determine compliance herewith, to maintain same and make repairs or
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replacements to the engineered stormwater control structure(s) and appurtenances and
conditions as may be necessary or convenient thereto in the event Grantor defaults in
its obligations and to recover from Grantor the cost thereof, and in addition to other
rights and remedies available to it, to enforce by proceedings at law or in equity the
rights, covenants, duties, and other obligations herein imposed.

The Grantor shall in all other respects remain the fee owner of Property and area
subject to these easements, and may make all lawful uses of Property not inconsistent
with these easements.

The Grantee does not waive or forfeit the right to take action to ensure
compliance with the terms, conditions and purposes of this Easement and Agreement
by a prior failure to act.

The Grantor agrees that the terms, conditions and restrictions of this easement
will be inserted by Grantor in any subsequent deed or other legal instrument by which
he divests himself of either the fee simple title to or possessory interests in the subject
property. The designation Grantor and Grantee shall include the parties, their heirs,
successors and assigns.

TO HAVE AND TO HOLD the aforesaid rights, privileges, and easements herein
granted to the Grantee, its successors and assigns forever and the same Grantor does
covenant and that Grantor is seized of said premises in fee and has the right to convey
the same, that except as set forth below the same are free from encumbrances and that
Grantor will warrant and defend the said title to the same against claims of all persons
whosoever.

The covenants agreed hereto and the conditions imposed herein shall be binding
upon the Grantor and its agents, personal representatives, heirs and assigns and all
other successors to Grantor in interest and shall continue as a servitude running in
perpetuity with the above described land.

IN WITNESS WHEREOF, the Grantor has caused this instrument to be signed in
its corporate name by its duly authorized officers and its seal to be hereunto affixed by
authority of its Board of Directors, the day and year first above written.

7
(Grantor)

7a
7b President
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Attest:

7c

Secretary (Corporate Seal)

NORTH CAROLINA
WAKE COUNTY

I, the undersigned Notary Public, do hereby certify and State aforesaid, do hereby certify that
personally appeared before me this day and acknowledged the execution of the

foregoing instrument.
Witness my hand and official seal this _ day of 19

My commission expires:

Notary Public

[Official Seal]

ckc
Easement&Deed/Corporate.doc
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