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5.0 LID Options
In accordance with LDC Chapter 5.06.03 Stormwater Management Performance Standards, the County Engineer
or designee may allow the use of alternative BMPs to address the stormwater quality criteria outlined in Section 3.
This is only applicable if the provided BMP’s are commonly accepted methodologies and/or there is sufficient
empirical evidence to demonstrate their use can provide an equivalent if not greater level of stormwater quality
treatment. Several approaches are available to implement LID SWMF; this can vary from storage / reuse
applications such as rain barrels and cisterns to rain gardens, planter boxes, dry wells, infiltration trenches, grassy
swales, ponds, pocket wetlands, and pervious pavers. The following sections provide an overview of advantages,
disadvantages, design considerations, design steps, and operations and maintenance (O&M) criteria for each
approach.

The LID options presented in this manual work by infiltrating the collected stormwater into the
underlying soil and groundwater. The groundwater then travels down to and gradually infiltrates through a
confining layer and becomes a source of drinking water, the aquifer. It is therefore very important that we
handle the stormwater collected with great care. It is imperative that fertilizers, pesticides, vehicle oil and fuel,
cleaning solutions, and other hazardous substance do not enter the stormwater facility. Preventing from
entering and pre‐treating the collected stormwater are the best way to ensure this.
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Stormwater management systems shall not be designed or constructed for use under residential structures.
Additionally, it is never a good idea to construct a SWMF close to a structural foundation. Stormwater
management systems placed under structures present maintenance challenges to the owner. If you find yourself in
the situation where one of these seem to be your only option, please consult with a Florida licensed civil engineer
regarding the design of your system. Systems must be designed to allow personnel and equipment to access and
conduct regular maintenance activities. Regular maintenance of a SWMF is crucial to preserve the long‐term
effectiveness and capacity of the system.
The use of roof gutter is highly recommended for all homes utilizing LID SWMF. However, homes built with
reduces building setback and/or over one‐story high are required to use roof gutters to convey the stormwater
runoff from the roof to the LID SWMF.

One‐story
Two‐story or
higher

Less than 7.5 ft
setback
Required

7.5 ft setback

10 ft setback

Suggested

Suggested

Greater than 10 ft
setback
Suggested

Required

Required

Suggested

Suggested

Single‐family home with a variety of LID applications:
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5.1

Rainwater Harvesting: Rain Barrels and Cisterns

Cisterns and Rain Barrels
Water is a valuable resource that is taken for granted most of the time. This approach to stormwater management
is geared towards the homeowner that is interested in reusing stormwater for irrigation, washing cars, along with
a variety of other grey water applications. Rain barrels have gained in popularity over the last few years and are
available at most local home improvement stores. They provide flexibility in regards to capacity and set up. Several
rain barrels can be connected in series to provide additional storage as needed. Cisterns are less flexible in regards
to layout but offer larger capacity to store rainwater and can typically be buried underground or designed to blend
in with the landscaping.
Advantages:
Rain barrels and cisterns not only help reduce stormwater runoff but can offer irrigation to landscapes throughout
times of drought. Cisterns can be gravity fed or enhanced with a booster pump to deliver irrigation to larger
areas.This SWMF is a good option if the soils on your property do not drain very well.
Limitations:
Limitations to rain barrels are generally associated with storage capacity. The typical volume of a rain barrels is 55
gallons, therefore several barrels will be needed to provide adequate stormwater mitigation. Additionally, if the
barrels are left open to the environment, they can become mosquito breeding grounds. Therefore, if rain barrels
are the preferred mitigation technique, care should be taken to ensure mosquitoes do not have access to the
stored water by installing screens on all the openings.
Cisterns are larger in size and can provide a storage capacity of up to several 1,000 gallons. Cisterns can be placed
above or below ground. Limitations that homeowners encounter when employing cisterns are space and visual
aesthetics. Regulatory requirements provided in the LDC Chapter 4.09.15 Tanks states that if a cistern is to be
installed in a flood hazard area or will be installed below the SHGW than it will need to be anchored to prevent
flotation, collapse, or lateral movement.
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Cisterns will not be permitted in areas designated by FEMA as Zone V. To check your flood zone
designation visit the FEMA Flood Map Service Center at https://msc.fema.gov/portal/home and enter your address
in the “search” box.
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The flood zone designations will be listed throughout the map.

Design Considerations:


When determining if rain barrels or cisterns are a viable option for stormwater mitigation first calculate
the required storage / treatment volume using the calculation provided in Section 3.



Once you have determined the required volume, you will want to identify the optimal placement for the
rain barrels or cistern.



Rain barrels and cisterns are generally very easy to connect to existing roof gutters or other impervious
areas and require very little maintenance.



The entire set up consists of a closed container with an opening at the top that is placed under a
downspout or plumbed into a rainwater collection system; a spigot is placed near the bottom of the
barrel to allow the stored water to be conveyed through either a hose, pump, or watering can.



All rain barrels should be fitted with overflow piping that will ensure that excess water is not allowed to
infiltrate the soil around the foundation of a structure, such as your home.



A typical rule of thumb for sizing a rain barrel system is for every inch of rain that falls on 1,000 square
feet, approximately 600 gallons of water should be collected.6

6
City of Murfreesboro Tennessee. Rain Harvesting. Structural Stormwater Control. 2008.
http://www.murfreesborotn.gov/DocumentCenter/View/2761/Rain‐Harvesting‐TanksBarrels‐2226‐?bidId=
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Additionally, opaque rain barrels and cisterns are recommended to keep algae from growing inside the
container.

Rain Barrel Example:

Design Steps - Example:
1.

First, determine the required storage treatment volume, similar to the example presented in Section 3.

Treatment Volume Criteria

= Total Required Stormwater
Volume (ft3)

Volume of 1/2 inch of Rainfall
over the total Impervious Area

2.

Then calculate how much volume a rain barrel can hold in cubic feet (ft3); for example if you install rain barrels
that can hold 55 gallons the calculations would be as follows:

Volume of Rain
Barrel (gal)

55 gal

3.

= 421 ft3

*

Conversion from
Gallons (gal) to
Cubic Feet (ft3)

= Volume of Rain
Barrel (ft3)

1 ft3
7.48 gal

= 7.35 ft3

*

Determine how many rain barrels you will need by dividing the required storage by the volume of the rain
barrel or cistern. If you install rain barrels that can hold 55 gallons the calculations would be as follows:

Required Storage Volume
Capacity of the Rain Barrel

= Quantity of
Rain Barrels
Required

421 ft3
7.35 ft3

= 57.3
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Always round up to the next number, so you would need to buy 58 rain barrels. In this case, the amount of rain
barrels needed would take up a lot of space to hold the required volume.
Let us look at a cistern with a 3,000‐gallon capacity:
1.

First determine how much volume in square feet the cistern can hold:
Volume of
Cistern (gal)

3,000 gal

2.

*

Conversion from
gallons (gal) to
cubic feet (ft3)

Volume of
Cistern (ft3)

1 ft3
7.48 gal

= 401 ft3

Then determine how many cisterns you will need:
Required Storage Volume
Capacity of the Rain Barrel

Quantity of Cisterns
Required

421 ft3
401 ft3

= 1.04

*Always round up to the next number, so you would need to buy two cisterns to accommodate 421 ft3. Installing
one cistern and a few rain barrels would be a good option since you need just a little bit more capacity than the
one cistern can provide. Cisterns come in a variety of shapes. As a general reference, a 3,000‐gallon cistern is 8 feet
in diameter and 8 feet in height.
To calculate how many rain barrels you would need to hold the extra stormwater you would do the following:
3.

4.

First determine how much volume capacity you will need after installing the 3,000 gallon
cistern:
Total
Required
Stormwater
Volume (ft3)

‐

Volume of
Stormwater
Collected in Cistern
(ft3)

421 ft3

‐

401 ft3

=

Stormwater
Volume For Rain
Barrels (ft3)

= 20 ft3

Then determine how many rain barrels you will need:
Required Storage Volume
Capacity of one Rain Barrel

Quantity of Rain Barrels
Required

20 ft3
7.35 ft3

= 2.72
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Always round up to the next number, so you would need to buy three rain barrels. One cistern and three rain
barrels would provide the correct amount of stormwater storage.
You should also always double check your calculations.
Provided ‐> 3 x 20 ft3 + 401 ft3 = 461 ft3 > 421 ft3 <‐ Required

OK

Another thing to consider is how much rainfall you can collect from your rooftop. The following calculations will
assist you in determining the volume you can anticipate for different storm events.
1.

Determine the area of your roof (keep in mind that a typical residential structure has an eave that extends
approximately 1.5 feet beyond the exterior walls, therefore if you simply take the square footage of your
structure you could be underestimating the volume that the rain barrel system will collect). For this example,
we will use a surface area of 2,200 ft2 and the one‐half inch criteria presented in this technical manual.
Area of Roof
(ft2)

Rainfall (in)

2,200 ft2

1.0 in
2.

Convert the rainfall form inches to feet.
Convert Inches (in) of Rainfall
To Feet (ft) of Rainfall

1.0 in *
3.

1 ft
12 in

= 0.08 ft

Multiply the area of the roof by the rainfall to determine the volume of rainfall anticipated from the design
storm.
Area of Roof (ft2) * Rainfall (ft)

= Volume Collected From Roof (ft3)

2,200 ft2 * 0.08 ft
4.

= 176 ft3

Your roof will capture 92 ft3 of rainfall from a 2,200 ft2 roof during a storm that produces one‐half inch of
rainfall. Now we can determine how many rain barrels we will need if we were to store all of the rainfall by
converting the volume back to gallons.
Volume
Collected From
Roof (ft3)

* Convert Cubic
Feet (ft3) to Gallons
(gal)

= Total Gallons
Collected for a
storm producing ½
in of rainfall

176 ft3

7.5 gal
1 ft3

= 1,320 gallons
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As you can see, your roof can collect a lot of rainwater. The volume collected from the rooftop of your home will
depend on the approximate square feet of the roof and the rain event. The anticipated precipitation (in inches)
associated with different storm events are provided in Appendix C.

Refer to Calculation Sheet 5.1 at the end of this section for assistance in designing rain
barrels or cisterns.

Operation and Maintenance:
Operation and maintenance of rain barrels and cisterns is relatively simple. You will need to visually inspect piping
associated with inflow and outflow to ensure that there are not any clogs and water is still being collected, stored,
and delivered. The best time to inspect piping delivering water to the rain barrel is while it is raining. All other
components can be inspected anytime. Additionally, you will need to ensure that fittings are not leaking. Check
screens for holes or tears to ensure that mosquitos do not have access to the water stored in the rain barrels or
cisterns.

Cistern Example:
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Maintenance Form 5.1 – Rain Barrel:
Rain Barrel LID SWMF
Owner:
Address:

Phone:
E‐mail:
Parcel Number:

Date of Last Inspection:
List any additional LID SWMF on site:

List any previous concerns:

Inspection List

Yes

No

Are fittings tight?

☐

☐

Does water flow freely through the system?

☐

☐

Is the screen covering intact and secure?

☐

☐

Are there holes in the screen cover?

☐

☐

Are pipes free from clogs?

☐

☐

Is the system over flowing?

☐

☐

Additional Comments:

‐ Please attach pictures
Maintenance Items To be Completed:

By signing this form, I certify that I have inspected this system.
Owners Signature
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Residential Stormwater Management
Low Impact Development

Rain Barrel Design Calculations
Site Characteristics

ft

Total Area of Parcel

Is Your Property In The Following Locations:

Yes

2

No

ICPAL
Dune Lake
Near a Mosquito Control Ditch

Treatment Volumes
Treatment Volume (choose the largest)
0.5 in Rainfall Over Disturbed Area
1 in Runoff Over Proposed Impervious Surface

ft3
ft

3

ft3

Attentuation Volume

Rain Barrel Design
Required Design Volume

ft3

Volume of Rain Barrel

Gallons
ft3

Number of Rain Barrels Required

Line 1

Line 2
Line 3

Line 4

Amount of Rainfall Collected From Your Roof
Area of House

ft2

Design Storm

in
ft
ft3

Rainfall Volume

LID SWMS TM Section 5.1

Line 5

Line 6
Line 7

Line 8
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5.2

Bioretention: Rain Garden

Bioretention areas, otherwise known as rain gardens, are bowl shaped depressions designed to collect and filter
stormwater. Typical layers from bottom to top include small drainage stone, soil blended to maintain nutrients, a
layer of mulch to assist with water filtration, and a vegetative layer. Within the bioretention area, nutrient
adsorption media, soils, mulch, and planted vegetation facilitate treatment and remove pollutants from the runoff.
Multiple bioretention areas are often distributed throughout a larger catchment, providing numerous treatment
and water storage areas. Although any one treatment area may be small, the cumulative effect can be significant.
This distributed approach also better mimics predevelopment hydrologic conditions by promoting stormwater
infiltration, thereby reducing runoff and recharging groundwater.
Bioretention systems are designed to provide stormwater quality improvements and some measure of attenuation
of peak flows. Treating stormwater by bioretention can be very effective due to the variety of chemical, physical,
and biological removal mechanisms. This type of LID SWMF is suitable for many types of development because the
shape and sizing of the systems are relatively flexible. The systems can be easily incorporated into many
landscaped designs. A list of recommended plants is included in Appendix A.

No fertilizer or pesticides can be applied to the system and its 10‐foot parameter.
Advantages:
Bioretention systems are well suited to treat roof and pavement runoff. Raingardens are a great management
strategy for small drainage areas and can be used at locations where the water table is relatively high. They offer
flexible retrofit capabilities and can be planned as an aesthetic feature bridging the gap between hardscapes and
the natural hydrology of a site. Additionally, they offer habitat for pollinators and can be planted with vegetation
that attracts butterflies.
Limitations:
Limitations to bioretention areas include quick loss of storage volume as sediment is deposited in the shallow
depressions. If the initial design depth and vegetation is not maintained, the area may quickly fill in with organic
materials, reducing the original storage capacity. Shallow bioretention areas should only be used in areas with
high permeable soils, such as HSG A or B. This LID SWMF also requires regularly scheduled landscaping.
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Design Considerations:


When planning a rain garden keep in mind that organic shapes with curves are more aesthetically
pleasing.



A shallow bioretention system typically consists of several components. Some of the components are
required elements while others are recommendations.



You must establish the elevations and dimensions of the rain garden and an overflow should be provided
to convey larger flows to a downstream drainage system or another LID SWMF. The overflow should be
set slightly below the top of the depression (1‐2‐inch).



For raingardens, measure out an additional 10% larger area than calculated to allow room for side slopes
and construction errors.



Pretreatment applications may be necessary in order to ensure that the stormwater entering the rain
garden does not erode the channel and is screened for larger debris.



Energy dissipators such as river stones can be used to reduce the hydraulic energy and to catch sediment.



The water traveling along the depression should remain relatively tranquil in order to prevent extreme
erosion and scour.



Additionally, to reduce maintenance intervals caused by sedimentation, a small sediment trap should be
installed prior to entering the rain garden.



Ensure that all the water will infiltrate into the soil within 72 hours (refer to Section 2.4.3 for recovery
time calculation).



A landscape plan for the rain garden should be prepared to indicate how the area will be established with
vegetation. You can plan your rain garden with different plant species that will blossom during different
times of the year. See Appendix A for plant suggestions.

The following are required elements that the shallow bioretention system must contain:


Retention area – An area that provides temporary surface storage (less than 12 inches) for runoff before
infiltration through the planting soil filter bed.



Organic mulch layer – A 2‐3 inch layer that attenuates heavy metals, reduces weed establishment,
regulates soil temperature and moisture, and adds organic matter to the soil.



Planting soil filter bed – A layer that provides at least 6 inches of planting media for vegetation as well as a
sorption site for pollutants and a matrix for soil microbes. The assumed hydraulic conductivity for the
planting soil must be stated clearly, as this will be used when testing bioretention systems.



Overflow pipe or spillway – A structure to allow rainfall events that exceed cell volume capacity to bypass
the system.



Woody and herbaceous plants – Florida‐friendly plants that provide a carbon source for the bioretention
system, help facilitate microbial activity, and improve infiltration rates.

While not required, the following can be incorporated into the system to improve water quality and infiltration
rates:


Prefilter strip – Where feasible, a prefilter or grass channel strip should be used between the contributing
drainage area and the retention area to capture course sediments and reduce sediment loading to the
retention area. The applicant may provide other measures to minimize the sediments entering the system
in lieu of a prefilter strip.

STORMWATER MANAGEMENT TECHNICAL MANUAL FOR INDIVIDUAL SINGLE‐FAMILY RESIDENTIAL LOT DEVELOPMENT

90



Nutrient‐adsorption media – A 6‐inch minimum layer at the bottom of the bioretention system that
facilitates pollutant removal through sorption and denitrification.



Energy‐dissipation mechanism – A structure that reduces runoff velocities, distributes flow, and reduces
disturbance of the mulch layer.

Locations of bioretention systems should be integrated into the site‐planning process, and aesthetic considerations
should be taken into account in their siting and design. All control elevations must be specified to ensure that
runoff entering the facility does not exceed the design depth. An overflow structure and non‐erosive overflow
channel must be provided to safely pass flows that exceed the storage capacity of the bioretention system to a
stabilized downstream area or additional LID SWMF. The combined system must meet the water quality and
quantity requirements listed in this manual.
Retention Area


The maximum ponding depth must be less than 12 inches below the overflow structure.



The recovery time must be less than 72 hours under SHGW conditions.

Organic Mulch Layer


The surface organic mulch layer must be 2‐3 inches deep and cover the surface of the basin to above the
expected high water line.



Mulch depth must not exceed 4 inches or soil aeration may be reduced.



Hardwood mulch must be used due to its higher pH, improved microbial activity, and slower
decomposition rate. Examples of acceptable mulches are those made from melaleuca or eucalyptus trees.
Pine bark or pine straw is not acceptable.



Partially composted mulch is acceptable, especially in the lower parts of the depression as this will reduce
the tendency of the mulch to float.

Planting Soil Filter Bed


The planting soil filter bed must be at least 6 inches thick.



The bed material must be sandy loam, loamy sand, or loam texture.



Soil organic matter content must be between 3% and 10% by volume. Soil amendments to raise the
organic matter content must have a carbon to nitrogen ratio of at least 50%.



The soil mix must be uniform and free of stones, stumps, roots, or other similar material greater than 2
inches in size.

Prefilter Strip (recommended, not required)
Prefiltration increases the performance of the main structure and reduces the required maintenance.


The prefilter strip design will depend on topography, flow velocities, volume entering the buffer, and site
constraints.



The prefilter strip is typically a vegetated or grassed channel.
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Flow rates entering the bioretention system should be less than 1 foot per second to minimize erosion.
(You may observe a floating item, such as a ping‐pong ball, to estimate the speed of the flow.)

Landscaping
Landscaping enhances the performance and function of bioretention systems. Selecting plant material based on
hydrologic conditions in the basin and aesthetics will improve plant survival, public acceptance, and overall
treatment efficiency. Native or Florida‐friendly plants should be selected, they tend to be more resistant to local
pests and weather conditions. See Appendix A for approved plant list. All landscaping recommendations should be
considered before storm flows are conveyed to the bioretention system:


Unpaved contributing areas should be well vegetated to minimize erosion and sediment inputs to the
bioretention system.



Where feasible a prefilter vegetative strip or vegetative swale should be installed.



If used, trees should be spaced 12 to 15 feet apart depending on the type.



Plants should be placed at irregular intervals to simulate a natural ecological succession.



If woody vegetation is used, it should be placed along the banks and edges of the bioretention system, not
in the direct flow path.



Only species well adapted to the regional climate should be used.



Species planted in well‐drained media should be tolerant of short‐term ponding as well as periods of low
soil moisture.

Design Steps - Example:
1.

First determine the storage volume, soil conditions, depth to the SHGW, and the natural slope of the property
at your location using the method described in Section 2 and Section 3, this will assist in choosing the optimal
location for the LID SWMF.SWMF
Treatment Volume

= Total Required Stormwater
Volume (ft3)

Largest of the three volumes

= 421 ft3

2.

For this example, we will use 421 ft3 for the storage requirement.

3.

The rain garden will have vegetation distributed throughout, therefore in order to get a representative volume
for the capacity you will need to increase the total volume by 30% (or 0.3).
Required Volume of
Stormwater to Be
Retained (ft3)

Capacity Loss
(Accounting For
Vegetation)

Additional Swale Volume to
Account for Vegetation

421 ft3

0.3

421 ft3 x 0.3 = 126 ft3

Total Required Volume To Account
for Vegetation

421 ft3 + 126 ft3
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4.

Then calculate how much volume the rain garden will store / treat. For example, if you install a rain garden
that is 12 inches deep with gently sloping side the calculations would be as follows:
Required
Volume of
Stormwater to
Be Retained (ft3)

Convert Design Depth
From Inches to Feet

547 ft3

5.

12 in *

1 ft
12 in

Required Storage
Volume
Design Depth of the
Rain Garden

547 ft3
1 ft

= 1 ft

= Required
Area of Rain
Garden

= 547 ft2

Next, you will need to establish the length and width associated with the required area. For this example we
will use the following dimensions: depth 12 inches, bottom width 6 feet, side slopes 4 horizontal to 1 ft
vertical (4H:1V). Using this data, we will determine the required (bottom) length.

Determine the Horizontal Length When the
Water Depth is 1 ft Deep

Solve for x To Determine Horizontal
Length Associated With 1 ft Depth

Side Slopes

Horizontal
Vertical
6.

4
1

=

x
1

x = 4*1

x = 4 ft

The property has approximately 30 feet of available space to establish the (top) width of the rain garden. We
will only use the portion of the rain garden that has a 1 foot depth in our volume calculation. The next step is
to subtract the sloped side from the available storage area; this will determine the width that we will use to
calculate the required length.
Available Width Minus The
Length of the Side Slopes

30 ft – 4ft‐4ft

Required Storage Area
Available Width For Stormwater Storage

547 ft2
22 ft

Available Width For
Stormwater Storage

= 22 ft

Required Length

24.86 ft

Always round up to the next number, so the bottom width would be 25 feet. From this, we can see that we
need to install a rain garden that is 25 feet long and 22 feet wide bottom, or you could install two rain gardens
that have a 13 feet long and 22 feet wide bottom. Any other arrangement resulting in a bottom area of 547 ft2
would meet the criteria. Another option would be to use multiple LID SWMF to meet the storage criteria.
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7.

Now let’s double check our calculations:
Provided ‐> 22 ft x 25 ft x 1 ft = 550 ft3 > 547 ft3 <‐ Required

8.

OK

Next, determine the recovery time (presented in Section 2.4.3). For example, if your site has soil identified as
Foxworth (HSG A) then according to the information provided in Section 2 Table 3 the infiltration rate will be
20 in/hr. The LDC requires a safety factor of 2 to be applied to permeability rates; therefore, you will divide
the values found in Table 3 by 2 (Note: ½ = 0.5). The calculations would be as follows:

Recovery Time

Depth of LID SWMF (in)
0.5*Infiltration Rate (in/hr)

Recovery Time For Sandy Soils
(Dry Swale with Well‐Drained Soil)

12 in
0.5 * 20 (in/hr)

= Hours

= 1.2 hr

Refer to Calculation Sheet 5.2 in at the end of this section for assistance in designing rain
gardens.
Operation and Maintenance:
The best time to inspect a rain garden is directly after a storm, again a few hours later, and again 3‐days later.
Inspection:
The following inspection items should be carried out periodically:


Inspect inflow/outflow points for any clogging.



Inspect pre‐filter strip/grass channel and bioretention area for erosion or gullying.



Inspect trees and shrubs to evaluate their health.



Check for ponding, periodically and 3‐days after a large rain event.

Maintenance:
The following maintenance is recommended after larger storm events, as well as, quarterly:


Prune and weed to keep any stormwater structures clear (outflow pipes, etc.).



Maintain/mow the pre‐filter or swale at least twice during the growing season and remove clippings from
the flow path.



Replace mulch where needed when erosion is evident.



Remove trash and debris as needed.
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Replace mulch over the entire area every 2 to 3 years.



Remove sediment from inflow system and outflow system as needed.



Stabilize any upstream erosion as needed.



Remove and replace any dead or severely damaged vegetation.



In the event the bioretention recovery time becomes significantly longer than the designed 72 hours, the
mulch layer and surficial soil layer (min. 6”) must be replaced.

Rain Garden Examples:

http://bolincreek.org/blog/policy‐alerts/build‐a‐rain‐garden/
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Maintenance Form 5.2 – Rain Garden:
Rain Garden LID SWMF
Owner:
Address:

Phone:
E‐mail:
Parcel Number:

Date of Last Inspection:
List any additional LID SWMF on site:

List any previous concerns:

Inspection List

Yes

No

Are sediment basins clean and clear from sediment build up?

☐

☐

Is there any apparent erosion in the area?

☐

☐

Has the soil settled?

☐

☐

Are there any areas with standing water?

☐

☐

Has there been any soil compaction within or near the rain garden?

☐

☐

Is the area directly around the perimeter of the raingarden fully vegetated?

☐

☐

Is the vegetation thriving?

☐

☐

Are there any area with stressed or dying plants?

☐

☐

When was the last date of sediment removal?
‐ Please attach pictures
Maintenance Items To be Completed:

By signing this form, I certify that I have inspected this system.
Owners Signature
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Residential Stormwater Management
Low Impact Development

Rain Garden Design Calculations
Site Characteristics

ft2
ft
in/hr

Total Area of Parcel
Depth To SHGW
Infiltration

Is Your Property In The Following Locations:

Yes

Line 1
Line 2
Line 3

No

ICPAL
Dune Lake
Near a Mosquito Control Ditch

Treatment Volumes
Treatment Volume (choose the largest)
0.5 in Rainfall Over Disturbed Area
1 in Runoff Over Proposed Impervious Surface

ft3
ft3
ft

Attentuation Volume

3

Rain Garden Design
ft3

Design Volume
Additional Volume Requirement

ft

3

Total Required Volume of Rain Garden

ft

3

Depth of Rain Garden

in
ft
2

Required Area

ft

Slope

ft
ft
ft
ft
ft
ft
hr

Horizontal
Vertical
Total Horizontal Extents
Available Width For Rain Garden
Primary Volume Width
Design Length
Recovery Time

LID SWMS TM Section 5.2

Line 4
Line 5

Line 6

Line 7
Line 8

Line 9

Line 10
Line 11
Line 12
Line 13
Line 14
Line 15
Line 16

This Page Intentionally Left Blank
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5.3

Planter Boxes

Open bottom planters shall not be installed next to structural foundations.
Advantages:
Planter boxes are intended to be constructed in and around impervious areas. This approach is great for the
perimeters of sidewalks and driveways, or along a house directly connected to roof gutters and other impervious
areas, providing a proactive method of reducing stormwater sheet flow. They can easily enhance outdoor spaces,
while providing extra storage for stormwater. Planters enhance water quality by filtering out impurities and
reducing the total volume of stormwater runoff. Typically, they consist of impermeable sides such as concrete or
natural stone with either open or closed bottoms depending on the location. Cutouts can be strategically placed
along the top of the container to allow sheet flow (stormwater runoff) to be collected and stored within the
planter. The raised edges of the planter provide additional capacity to store excess stormwater. Plants use the
water collected in the planter as it passes through the soil. Excess water infiltrates into the ground below if it is an
open bottom planter. In extreme rain events, excess water can be conveyed through an overflow to another
planter or different LID SWMF.
Limitations:
Planters are generally limited by height. High sediment loads tend to clog the voids in the soil and reduce the
capacity of the system. Therefore, they work well when suspended sediment is allowed to settle out of the water
before it enters the.
Design Considerations:


Soil types A and B are best suited for this application. Closed bottom applications are suitable for any
soil types.



The planter can be directly connected to roof drains and gutters through a downspout and several
planters around the property can be connected in series allowing a wide variety of placement
options.



Any planters placed near the foundation of a structure should not be open to the soil below, instead
they should be a closed bottom design that is connected to additional planters throughout the
property. The additional planters can be designed with open bottoms that will allow infiltration into
the ground.
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Planters nearest the structure should be fitted with a perforated (slotted) PVC pipe installed near the
bottom to collect the rainwater as it percolates to the bottom. Once the water reaches the bottom
of the container, water is conveyed to another planter that is located further from the structure
through an unperforated PVC underdrain.



The pipe diameter of the underdrain leading to additional planters should be greater than the
perforated pipe diameter used to initially collect the water.



A PVC riser can be installed which acts as an emergency drain should the water rise beyond the
desired height. The riser will establish the maximum depth of water that will be contained in the
planter network.



The ratio associated with impervious area to planter area should be a minimum of 7%.7



Design aspects for this LID SWMF will take in to account the height of the curb or confining walls and
the surface area allotted for the planter box(es).



The minimum depth of the system should be 12 inches and the recommended width is 30 inches or
greater to optimize infiltration into the soil.



The shape of your planter box will be determined by the space available on your property. Planter
boxes can be constructed in any shape, but the easiest shape to calculate volume capacity for is a
cube. If complex shapes are desired, it is recommended to separate the planter area into several
easily definable shapes such as circles, squares, and rectangles in order to determine an equivalent
area. Once the equivalent area is determined, the required depth can be calculated based on the
required storage capacity.



Typical filter media starting from the bottom and moving up includes the following:
o

Geotextile fabric separating the native soil from a layer of sand;

o

Followed by another layer of geotextile fabric separating the sand from a layer of 3/8 inch to
5/8 inch diameter gravel;

o

A final layer of geotextile fabric to separate the gravel from approximately 18 inches of
topsoil.

o


Add desired plants from approved plant list in Appendix A.

Layer depths associated with sand and gravel are dependent on the overall depth of the planter and
generally range between 1 and 2 feet for each media. The sand and gravel work to filter the water
while the topsoil provides nutrients for the plants.



Plants that are native to northwest Florida generally require little to no pesticides or maintenance. It
is best not to apply pesticides to the area due to the fact that the planter is intended to purify water.

Design Steps - Example:
Stormwater design is an iterative process, meaning that there are several viable solutions to the same problem.
The final design is going to depend on available space and the homeowner’s vision, along with the requirements
established by this manual. The depth and area of the planter will be dependent on each other; for example, the
chosen depth will dictate the required area of the planters or if the area is predetermined then it will dictate the
required depth. The calculations to design a planter box are as follows:

7

City of Murfreesboro Tennessee. Planter Boxes Structural Stormwater Control.
http://www.murfreesborotn.gov/DocumentCenter/View/2748/Planter‐Boxes‐2214‐?bidId=
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1.

Determine the site conditions and required storage treatment volume using the approach presented in
Section 2 and Section 3. For this example, we will use 421 ft3 for the storage requirement.

2.

Porosity is the ratio of void volume of total volume, in other words it relates to the amount of water that
can be stored between the sand and gravel. In order to get a representative volume for the capacity of
the planter you will need to take into account the average porosity of the filter media (sand and gravel),
for this we will use 0.3.

Required Volume of
Stormwater to Be
Retained (ft3)

Average Porosity
of Filter Media

421 ft3

0.3

Additional Planter Volume to
Account for Filter Media

Total Required Planter Volume

421 ft3 x 0.3 = 126.3 ft3

421 ft3 + 126.3 ft3

= 547 ft3

From this calculation, we can see that we need to increase the planter volume slightly to accommodate the
space that the sand, gravel, and topsoil occupy.
3.

Next, determine the area required for a planter with a height of 2 feet.
Total Required Planter Volume To
Account for Filter Media

Height of Planter
(ft)

547 ft3

2 ft

Required Area of Planter (ft2)

547 ft3
2 ft
4.

Now we will determine the required length of the planters if they are the minimum width of 30 inches.
Required Area of
Planter (ft2)

274 ft2

5.

= 274 ft2

Width of Planter (ft)
Convert Inches to feet

30 in *

1 ft
12 in

Total Required Length of Planter ft)

= 2.5 ft

274 ft2
2.5 ft

= 110 ft

Now let’s double check our calculations:
Provided ‐> 2 ft x 2.5 ft x 110 ft = 550 ft3 > 547 ft3 <‐ Required

OK

The total linear feet of the planters should be 110 feet, this could be split up anyway that makes sense for your
property or you could increase the width or height of the planters to reduce the length. For example, you could
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install 3 – 37 foot planters or 6 ‐19 foot planters. You could even add 2 ‐ 25 foot planters and implement a different
type of LID SWMF on the property. The options are endless.

Refer to Calculation Sheet 5.3 included at the end of this section for assistance in designing
planter boxes.

Operation and Maintenance:
The desired recovery time for a planter box should be around 3 to 4 hours. The best time to inspect the system to
see if it is working properly is during a rain event and shortly after the event. This type of system requires frequent
maintenance to ensure that it does not become clogged with plant debris or sediment. Accumulating sediment
should be removed on an as‐needed basis. The pipe diameter associated with the system should be large enough
to account for sediment and organic material build up. Additionally, the system should have a means to back flush
the pipes and isolate individual planters for maintenance. The vegetation will require seasonal maintenance to
ensure optimal filtering capabilities and may require water during times of drought. Mulch or topsoil will need to
be replenished seasonally. It the planter cracks it should be patched or replaced.

STORMWATER MANAGEMENT TECHNICAL MANUAL FOR INDIVIDUAL SINGLE‐FAMILY RESIDENTIAL LOT DEVELOPMENT

102

Maintenance Form 5.3 – Planter Box:
Planter Box LID SWMF
Owner:
Address:

Phone:
E‐mail:
Parcel Number:

Date of Last Inspection:
List any additional LID SWMF on site:

List any previous concerns:

Inspection List

Yes

No

Does water drain freely through the system?

☐

☐

Does the planter drain within 3 to 4 hours?

☐

☐

Is the vegetation thriving?

☐

☐

Are there any areas with stressed or dying plants?

☐

☐

Has the soil settled?

☐

☐

Is there an excess of plant debris in the planter?

☐

☐

Is there a buildup of sediment in the planter?

☐

☐

If the planter drains to another area, are fittings tight?

☐

☐

Are pipes free from clogs?

☐

☐

Is the system over flowing?

☐

☐

Last time soil was replenished in the planter box.
Last time sediment was removed from the planter box.
‐ Please attach pictures
Maintenance Items To be Completed:

By signing this form, I certify that I have inspected this system.
Owners Signature
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Residential Stormwater Management
Low Impact Development

Planter Box Design Calculations
Site Characteristics

ft2
ft
in/hr

Total Area of Parcel
Depth To SHGW
Infiltration

Is Your Property In The Following Locations:

Yes

Line 1
Line 2
Line 3

No

ICPAL
Dune Lake
Near a Mosquito Control Ditch

Treatment Volumes
Treatment Volume (choose the largest)
0.5 in Rainfall Over Disturbed Area
1 in Runoff Over Proposed Impervious Surface

ft

ft3
ft

Attentuation Volume

3

3

Planter Box Design
ft3

Design Volume

3

Additional Volume Requirement

ft

Total Required Volume of Planter

ft3

Height of Planter

in
ft

Line 4
Line 5

Line 6

Line 7
Line 8

Required Area

ft2

Width of Planter

Line 10

Design Length

in
ft
ft

Recovery Time

hr

Line 13

LID SWMS TM Section 5.3

Line 9

Line 11
Line 12

Planter Box Examples:

http://www.murfreesborotn.gov/DocumentCenter/View/2748/Planter‐Boxes‐2214‐?bidId=

STORMWATER MANAGEMENT TECHNICAL MANUAL FOR INDIVIDUAL SINGLE‐FAMILY RESIDENTIAL LOT DEVELOPMENT

105

This Page Intentionally Left Blank

STORMWATER MANAGEMENT TECHNICAL MANUAL FOR INDIVIDUAL SINGLE‐FAMILY RESIDENTIAL LOT DEVELOPMENT

106

5.4

Tree Boxes

Tree boxes are similar to planter boxes but on a larger scale. Typically, the depth of a tree box will be substantially
greater than a planter box. Trees use the water collected in the box as it passes through the soil. Excess water
infiltrates into the ground below if it is an open bottom box. In extreme rain events, excess water can be conveyed
through an underdrain to an additional box or different LID SWMF. .
Advantages:
Tree boxes can easily enhance outdoor spaces, while providing extra storage for stormwater. They enhance water
quality by filtering out impurities and reducing the total volume of stormwater runoff. Typically, they consist of
impermeable sides such as concrete depending on the location, the underlying soil type, and depth of SHGW. They
are a great approach to areas with a lot of impervious area such as along the perimeters of sidewalks, driveways,
or along other impervious areas, This application is desirable in most areas with well‐drained soils (HSG A and B),
as well as, soils that tend to drain slowly (HSG C and D). In arear with HSG C and D soils, the native soil is removed
and replaced with well‐draining soil.
Limitations:
The limiting factor for using a tree box will typically be the depth to groundwater. Refer to Section 2 for guidance
on how to determine the depth to groundwater at your location.


This application is intended to partly rely on infiltration; therefore, it is recommended for parcels with a
greater separation between the SHGW and natural grade.



A closed bottom box may be used in areas with high SHGW. These boxes will solely rely on the tree to
dissipate the stormwater runoff based on the inability to infiltrate stormwater into the underlying soil;
therefore, the tree must be carefully selected.



High sediment loads tend to clog the voids in the soil and reduce the capacity of the system. Suspended
sediment should be allowed to settle out of the water before it enters the tree box.
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Design Considerations:


Tree box design considerations are similar to the topics presented in Section 5.3 Planter Boxes, but
on a larger scale; topsoil, gravel, and sand are placed in the excavation replacing naturally
impermeable soil.



Soil types A and B are best suited for open bottom application. Closed bottom application is suitable
for any soil types.



If the tree box does not have a closed bottom, it will require a thicker layers of gravel and sand.



The benefit to this application is that the area can be planted with vegetation that would not
normally survive in the native impermeable soil, offering a wider variety of vegetation options.



Tree boxes can be directly connected to roof drains and gutters through a downspout.



Several boxes around the property can be connected in series allowing for a greater capacity.



A PVC riser can be installed which acts as an emergency drain should the water rise beyond the
desired depth. The riser will establish the maximum depth of water that will be contained in the tree
box before it is conveyed to another tree box connected to the same pipe or a different LID SWMF
application.



The riser or underdrain drain should be installed to a design height which is determined by the
design storage volume and the surface area allotted for the tree box. This safety measure will
mitigate localized flooding and allow excess water to drain away from the area once the design
capacity is exceeded.




The following provides a brief description of the construction process:
o

A qualified contractor that is familiar with excavations and shoring should prepare the site.

o

Filter / geotextile fabric will need to be installed to separate the native soil from the sand
filter.

o

Once the filter / geotextile fabric is installed, slotted underdrains should be placed at the
predetermined design elevation. The underdrains allow water to infiltrate and rise in the
outlet pipe.

o

The system piping should be fitted with cleanout capabilities for maintenance.

o

The underdrains should be surrounded by filter / geotextile fabric with at least 12 inches of
gravel wrapped with another layer of filter / geotextile fabric separating it from the initial
layer of sand. This will ensure that the sand does not wash out through the slots in the PVC.

o

Once the pipe is secure and protected with filter / geotextile fabric, a layer of sand is placed
in the excavation.

o

Followed by another layer of geotextile fabric separating the sand from a layer of 3/8 inch to
5/8 inch diameter gravel;

o

The depth of each filter media (sand and gravel) will be dependent on the overall depth of
the tree box.

o

A final layer of geotextile fabric should be placed to separate the gravel from nutrient rich
topsoil. The topsoil will fill the remaining portion of the tree box.

o

Ensure that the layer of topsoil is deep enough for the newly planted tree(s) to establish a
healthy root system.



Layer depths associated with sand and gravel are dependent on the overall depth of the tree box.
The sand and gravel filter the water while the topsoil provides nutrients to the plants.
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Plants that are native to northwest Florida generally required little to no pesticides or maintenance.
See approved plant list in Appendix A.



Do not apply pesticides to the area due to the fact that the tree box is intended to purify water.

The shape of your tree box will be determined by the space available on your property. Tree boxes can be
constructed in any shape, but the easiest shape to calculate volume capacity for is a cube. If complex shapes are
desired, it is recommended to separate the area into several easily definable shapes such as circles, squares, and
rectangles in order to determine an equivalent area. Once the equivalent area is determined, the required depth is
calculated based on the required storage capacity.
Design Steps (open bottom application only):

1.

First determine the storage treatment volume, soil conditions, depth to the SHGW, and the natural slope of
the property at your location using the method described in Section 2 and Section 3, this will assist in choosing
the optimal location for the LID SWMF.

2.

You will want to keep 2‐foot minimum separation between the bottom of the tree box and the SHGW.

3.

Next, identify the natural grade of your property to ensure that the tree box is in a location that will capture a
majority of the stormwater travelling across your yard.

4.

Calculate the area required for the tree box, while maintaining the required separation from the SHGW. We
will use the same stormwater retention volume calculated in Section 3 for this example.
Required Volume of
Stormwater to Be
Retained (ft3)

Average Porosity
of Filter Media

421 ft3

0.3

Additional Tree Box Volume to
Account for Filter Media

Total Required Tree Box Volume To
Account for Filter Media

421 ft3 x 0.3 = 126.3 ft3
5.

421 ft3 + 126.3 ft3

= 547.3 ft3

For this example, the SHGW is approximately 10 feet below ground surface, leaving 8 feet for the depth of the
tree box.
Total Required Volume To Account for
Filter Media

Depth of Tree
Box (ft)

547 ft3

8 ft

Required Area of
Tree Box (ft2)

547 ft3
8 ft

= 68 ft2
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6.

Now we will determine the required length of the tree box if it is approximately 10 ft wide.
Required Area of
Planter (ft2)

68 ft2

Total Required Length of Planter ft)

68 ft2
10 ft

= 6.8 ft

For this example a 7‐foot long, 10 foot wide, 8‐foot deep tree box would met the minimum stormwater
management criteria.

Refer to Calculation Sheet 5.4 included at the end of this section for assistance in designing
a tree box.
Operation and Maintenance:
Operation and maintenance is similar to the planter box design but on a larger scale. The best time to inspect any
type of stormwater management system is when it is raining or directly after a storm. Accumulated sediments will
need to be removed periodically. Topsoil or mulch will need to be replenished and vegetation will need to be
maintained on a seasonal basis.

Tree Box Examples:

EPA Large Volume Storms and Low Impact Development, October 2017
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Maintenance Form 5.4 – Tree Box:
Tree Box LID SWMF
Owner:
Address:

Phone:
E‐mail:
Parcel Number:

Date of Last Inspection:
‐ Please attach pictures
List any additional LID SWMF on site:
List any previous concerns:

Inspection List

Yes

No

Does water drain freely through the system?

☐

☐

Are there any areas with standing water?

☐

☐

Is the vegetation thriving?

☐

☐

Are there any areas with stressed or dying plants?

☐

☐

Is there an excess of plant debris in the tree box?

☐

☐

Is there a buildup of sediment in the tree box?

☐

☐

If the tree box drains to another area, are fittings tight?

☐

☐

Are pipes free from clogs?

☐

☐

Is the system over flowing?

☐

☐

Are sediment basins clean and clear from build up?

☐

☐

Is there any apparent erosion in the area?

☐

☐

Has the soil settled?

☐

☐

Has there been any soil compaction within or near the tree box?

☐

☐

Last time soil was replenished in the tree box footprint.
Last time sediment was removed from the tree box.
Maintenance Items To be Completed:

By signing this form, I certify that I have inspected this system.
Owners Signature
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Residential Stormwater Management
Low Impact Development

Tree Box Design Calculations
Site Characteristics

ft2
ft
in/hr

Total Area of Parcel
Depth To SHGW
Infiltration

Is Your Property In The Following Locations:

Yes

Line 1
Line 2
Line 3

No

ICPAL
Dune Lake
Near a Mosquito Control Ditch

Treatment Volumes
Treatment Volume (choose the largest)
0.5 in Rainfall Over Disturbed Area
1 in Runoff Over Proposed Impervious Surface

ft

ft3
ft

Attentuation Volume

3

3

Tree Box Design
ft3

Design Volume

3

Line 4

Additional Volume Requirement

ft

Total Required Volume of Tree Box

ft3

Line 6

Depth of Tree Box

ft

Line 7

Required Area

ft2

Line 8

Width of Planter

ft

Line 9

Design Length

ft

Line 10

Recovery Time

hr

Line 11

LID SWMS TM Section 5.4

Line 5

https://www.unce.unr.edu/programs/sites/nemo/lid/renotree/
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5.5

Enhanced Shallow Swales

The enhanced shallow swale is geared more towards water quality versus water quantity. This approach is similar
to methods employed for traditional stormwater management with one distinct difference. Instead of moving
stormwater away form a site as fast as possible, this approach allows vegetative cells to fill to a predetermined
height before the water is released to the next cell through a berm or weir. The area is typically planted with
vegetation that varies in height to emulate a natural succession of variation among long grasses, plants that reach
mid‐height, and river stones dispersed throughout deeper rooted vegetation that can withstand flowing water and
durations of complete submergence, refer to Appendix A for plant recommendations. Enhanced shallow swales
can be designed as dry swales or wet swales; existing soil conditions and the depth to the SHGW determine the
design type that is best suited for your location. Wet swales exhibit a higher nutrient removal compared to dry
swales.

The native soil at the bottom of the swale should not be compacted in any way; this will reduce the
ability of the water to drain from the swale.

Advantages:
This LID SWMF approach can be used on a wide variety of soils. If the soils on your property are permeable and
drain quickly (HSG A or B) then you can construct a dry swale design; on the other hand, if the soil on your
property has low permeability and drains slowly (HSG C or D) than you should construct a wet swale. The only
difference between the two options will be the type of plants and the recovery time.
Advantages to this LIS SWMF approach includes the ability to enhance the visual aesthetics of your property,
bridging the gap between the natural environment and hardscape. It also reduces the heat island effect that
accompanies pavement. The swales can be designed to take on any shape that the property owner desires. If the
shape of the LID SWMF is irregular, it will slow stormwater significantly thereby reducing erosion and siltation of
nearby streams, lakes, and estuaries. It also offers a small buffer to on‐site flood control for localized events and is
generally less expensive than installing curb and gutter.
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Limitations:


This approach is limited to generally flat areas. The swale slopes should be less than 3 ft horizontal to
1 ft vertical (3H: 1V) with a recommended slope of 4H: 1V.



Enhanced swales are not intended to mitigate large flooding events, therefore it is recommended to
use an additional LID SWMF geared for high storage capacities in tandem with this approach.



Wet swales have the potential to create habitat for mosquitoes and snakes.

Design Considerations:


An important aspect to this LID SWMF approach is to identify the characteristics of the native soil,
such as organic content, and pH. These characteristics will assist you in identifying plants that thrive
in the existing conditions.



The first consideration is the type of soil that is on your property and the amount of area that is
available to dedicate to the swale.



Enhanced swales require a large amount of land, typically 10% to 20% of the contributing impervious
area. This application is great for drainage areas up to five acres. The side slope of the enhanced
swale shall be no steeper than 3H: 1V with 4H: 1V being optimal. Maintaining the recommended
slope will provide pretreatment of lateral sheet flow entering the swale from the sides.



The optimal bottom width for dry and wet swales is between 2 to 8 feet depending on site
conditions.



It is extremely important to note that the native soil at the bottom of the excavation should not be
compacted in any way; this will reduce the ability of the water to drain from the swale.



Provide a landscape plan and method of irrigation to establish the proposed plants.



To reduce maintenance intervals caused by sedimentation, a small sediment trap should be installed
prior to entering the inlet leading to the swale.



Native plants to this region are the best bet for any type of LID SWMF; they have a significant chance
of establishing a healthy root system and can tolerate the climate. In addition, they will require less
irrigation and less maintenance.



Pretreatment applications may be necessary in order to ensure that the stormwater entering the
swale does not erode the channel.



On top of the gravel, another layer of geotextile fabric will separate the gravel from a 30‐inch layer of
sand.




The elevation difference between the inflow and the outflow of a dry swale should be 3 to 5 feet.
If the optimal elevation difference cannot be achieved and steeper slopes are necessary, installation
of 6 to 12 inch drop structure every 50 feet is recommended. Berms or weirs should be installed in
order to establish multiple cells along the swale; this will allow you to increase the storage volume.



The water traveling along the swale should remain relatively tranquil in order to prevent extreme
erosion and scour.



Energy dissipators such as riprap or river rock can be used to reduce the hydraulic energy and should
be installed at all outlets to reduce the occurrence of erosion and washouts.

Dry swale only:


Dry enhanced swales are constructed by excavating the area to a depth of approximately 3.5 feet
below the ground surface.
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The depth of water near the outflow should not exceed 18 inches in order to provide adequate
filtration.

Wet swale only:


A wet swale should have an elevation difference of 1 foot between the inflow and the outflow. This
will ensure that the water entering the swale does not become stagnant and is filtered by the plants
as it travels through the system.



Wet enhanced swales are conducive to areas where the water table is close to the ground surface.



In wet swale applications, cells are established to allow for retention and over flow as necessary. The
depth of water contained in a wet enhanced swale should not exceed 18 inches.

Different species of plants have inundation tolerances, the areas are divided into zones for simplicity. Refer to
Appendix A for plant recommendations.
o

Zone A is the area of the swale that will hold the most water; therefore the plants will need
to be tolerant to excess water during the rainy season (typically June through September).
They will also need to be tolerant of dry conditions during the times of limited rainfall if it is
a dry swale.

o

Zone B is the area along the slopes of the swale, plants in this region will need to be able to
establish robust root systems in order to maintain the design slope and be able to withstand
lateral sheet flow during extreme rain events. They will also need to be able to survive
extended periods of dry conditions with smaller periods of inundation.

o

Zone C is the area along the swale identified as the vegetative strip, this area is a
pretreatment application to catch sediment and slow down sheet flow. The plants in this
area will need to be able to withstand dry conditions.

Design Steps:
1.

First determine the storage volume, soil conditions, depth to the SHGW, and the natural slope of the property
at your location using the method described in Section 2 and Section 3, this will assist in choosing the optimal
location for the LID SWMF.
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2.

Determine the required storage volume using the approach presented in Section 3, for this example we will
use 421 ft3 as the storage requirement.

3.

The swale will have vegetation distributed throughout, therefore in order to get a representative volume for
the capacity you will need to increase the total volume by 30% (or 0.3).

4.

Required Volume of
Stormwater to Be
Retained (ft3)

Capacity Loss
(Accounting For
Vegetation)

Additional Swale Volume to
Account for Vegetation

421 ft3

0.3

421 ft3 x 0.3 = 126 ft3

Total Required Volume To Account
for Vegetation

421 ft3 + 126 ft3

= 547 ft3

Determine the swale dimensions using the criteria previously mentioned in Design Considerations presented
in this section. For this example, we will use the following dimensions: depth 18 inches, bottom width 4 feet,
side slopes 4H: 1V. Using this data, we will determine the required length.
Convert Design Depth
From Inches to Feet

18 in *

1 ft
12 in

Determine the Horizontal Length When
the Water Depth is 1.5 ft Deep

= 1.5 ft

Solve for x To Determine Horizontal
Length Associated With 1.5 ft Depth

Side Slopes

Horizontal
Vertical

4
1

=

x
1.5

x = 4*1.5

x = 6 ft

Area of Swale (ft2)

Calculate the Area of The Swale
Center Area

1.5 ft * 4 ft = 6 ft

Both Side Areas Combined
2

1.5 ft * 6 ft = 9 ft2

6 ft2 + 9 ft2

=

15 ft2

Calculate the Required
Length

547 ft3
15 ft2

= 37 ft

From this, we can see that we need to install an enhanced swale that is 37 feet long, or if the property
naturally drains in two separate directions, than you could install two swales that are 19 feet long. Another
option would be to use multiple LID SWMF to meet the storage criteria.
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5.

Next, determine the recovery time.
Recovery Time

Depth of LID SWMF (in)
0.5*Permeability (in/hr)

= Hours

Recovery Time For Sandy Soils
(Dry Swale with Well‐Drained Soil)

18 in
0.5 * 20 (in/hr)

= 1.8 hr

Recovery Time For Clay Soils
(Wet Swale with Poorly Drained Soils)

18 in
0.5 * 0.6 (in/hr)

= 60 hr

Refer to Calculation Sheet 5.5 included at the end of this section for assistance in designing
an enhanced shallow swale.
Operation and Maintenance:
Maintenance for this type of approach is generally very low but will vary depending on the type of enhanced swale
you are able to construct. In both cases, periodic removal of sediment will be required in order to maintain the
design capacity of the system. Dry swales will require mowing or pruning. All clippings will need to be removed
from the swale in order to maintain the design capacity. Visual inspections will include walking the perimeter and
looking for signs of erosion or ponding (if it is a dry swale). Ponding in a dry swale is an indication that the that the
system may be full of sediment or has failed in some way. Vegetation will need to be inspected in both dry and wet
swales; dead or dying plants should be replaced. Riprap will need to be inspected to ensure it is still located in the
correct area to prevent scour and erosion. If riprap is missing, it should be replaced as soon as possible.

https://heinenlandscape.com/the‐best‐ways‐to‐deal‐with‐storm‐water/

STORMWATER MANAGEMENT TECHNICAL MANUAL FOR INDIVIDUAL SINGLE‐FAMILY RESIDENTIAL LOT DEVELOPMENT

119

Maintenance Form 5.5 – Enhanced Shallow Swale:
Enhanced Shallow Swale LID SWMF
Owner:
Address:

Phone:
E‐mail:
Parcel Number:

Date of Last Inspection:
‐ Please attach pictures
List any additional LID SWMF on site:

List any previous concerns:

Inspection List

Yes

No

Does water drain freely through the system?

☐

☐

Are there any areas with prolonged standing water?

☐

☐

Is the vegetation thriving?

☐

☐

Are there any areas with stressed or dying plants?

☐

☐

Is there an excess of plant debris in the swale?

☐

☐

Is there a buildup of sediment in the swale?

☐

☐

Is there evidence of erosion?

☐

☐

Is the system over flowing?

☐

☐

Are sediment basins clean and clear from build up?

☐

☐

Is there any apparent erosion in the area?

☐

☐

Has the soil settled?

☐

☐

Has there been any soil compaction within or near the swale?

☐

☐

Last time rip rap was replenished (if applicable).
Last time sediment was removed from the swale.
Maintenance Items To be Completed:

By signing this form, I certify that I have inspected this system.
Owners Signature
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Residential Stormwater Management
Low Impact Development

Enhanced Shallow Swale Design Calculations
Site Characteristics

ft2
ft
in/hr

Total Area of Parcel
Depth To SHGW
Infiltration

Is Your Property In The Following Locations:

Yes

Line 1
Line 2
Line 3

No

ICPAL
Dune Lake
Near a Mosquito Control Ditch

Treatment Volumes
Treatment Volume (choose the largest)
0.5 in Rainfall Over Disturbed Area
1 in Runoff Over Proposed Impervious Surface

ft

ft3
ft

Attentuation Volume

3

3

Enhanced Shallow Swale Design
ft3

Design Volume

3

Line 4

Additional Volume Requirement

ft

Total Required Volume of Swale

ft3

Depth of Swale

in
ft
ft
2
ft

Line 7

Horizontal
Vertical
Design Horizontal

ft
ft
ft

Line 11

Area in the Center

ft2

Bottom Width of Swale
Required Area
Slope

Area of Both Sides
Total Area

Line 5

Line 6

Line 8
Line 9
Line 10

Line 12
Line 13

ft

2

ft

2

Line 14
Line 15
Line 16

Required Length of Enhanced Swale

ft

Line 17

Recovery Time

hr

Line 18

LID SWMS TM Section 5.5
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5.6

Infiltration Trenches

An infiltration trench runs horizontally under the ground. Infiltration trenches are best suited for areas where the
available area for stormwater management is narrow and limited. Typical dimensions associated with infiltration
trenches include widths less than 25 feet and depths ranging from 3 to 12 feet depending on the soil conditions,
depth to ground water, and the required stormwater storage. They can be constructed with a vegetative layer over
the top similar to a tree box or the top layer of gravel can remain exposed.

This stormwater management approach is not appropriate in areas prone to sink holes,
Advantages:
Infiltration trenches work the best in areas with sandy soils. They provide a great opportunity to recharge the
groundwater and provide increased storage capacity compared to some of the other LID SWMF options previously
discussed.
Limitations:
Infiltration trenches are not recommended in areas with clay or silt. If the site contains soils with low permeability,
the trench width should be increased to provide additional surface area for drainage. They can easily clog with
sediments and organic matter, therefore some sort of pre‐treatment such as vegetative filter strips is
recommended. This stormwater management approach is not appropriate in industrial areas or areas that use
pesticides due to the potential for groundwater infiltration. If an infiltration trench is the preferred LID SWMF than
a geotechnical investigation should be conducted, web based soil information is not adequate.
Design Considerations:
This application is best suited for areas with slopes between 0% through 15%. Sites with sandy soils (HSG A and B)
are recommended for this application due to high permeability rates. If the site contains a small fraction of clay or
silt, the ranges should be less than 20% clay and 40% silt. Infiltration will decrease if too much sediment builds up
in the trench. Generally, shallow trenches with increased widths will be impacted with sediment at a slower rate
than a trench that is deep and narrow; this is due to the increased infiltration area available. A 20‐foot vegetative
buffer will be necessary to mitigate erosion and prevent sediment from entering the system; this will act as your
filter strip.
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Trenches must be separated from foundations. Please check the current Building Code for minimum
distances or contact the Building Department for help.


A qualified contractor that is familiar with excavations and shoring should prepare the site if the
excavation exceeds a depth of four feet.



A limited geotechnical investigation will be necessary, and the soil borings should extend a minimum
of 2‐feet below the proposed depth of the infiltration trench.



The water table and site geology (sub‐surface soil profile) will determine the depth that the trench
can extend.



Utilization of an infiltration trench is an excellent way to manage stormwater as long as the water
does not have any major contamination. It is best to collect stormwater before it enters the LID
SWMF running off from paved areas. This can be accomplished with a variety of LID SWMF options
that have been introduced in previous sections.



The natural grade (slope, elevation change) of the property should always be taken into
consideration when determining the best location to place a LID SWMF.



Infiltration trenches should not be placed near trees. The root system of trees will invade the well
casing and reduce the well capacity and may damage the system.



Infiltration trenches need to be placed within the setbacks required by the LDC.



A minimum of 25 feet between the infiltration trench and any structure should be maintained to
avoid damage to the foundation.



A minimum of 100 feet shall be maintained between surface waters, septic tanks, and private wells.



Care should be employed to ensure that the native soils in and around the trench are not compacted
during construction; this will reduce the infiltration capabilities.



The trench must be visually identifiable.



The maximum design water level should be established no less than one foot below the lowest
foundation elevation, including neighboring structures.



Filter / geotextile fabric will need to be installed along the bottom of the trench and along each side
to provide a barrier between the native soil and the filter media.



Infiltration trenches can be constructed with or without an underdrain (a slotted PVC pipe traversing
the bottom of the trench). If a PVC pipe is included in the design it will need to be wrapped with filter
fabric to keep sand and sediment from entering.



A min. 4‐inch PVC riser emergency drain may be installed to convey excess water in an extreme
storm event. The top elevation to be set at the design storage volume elevation, as this riser will
establish the maximum depth of water that will be contained in the trench before it is conveyed to
another trench or a different LID SWMF application. The riser should be fitted with a 90 degree
elbow to keep debris from clogging the emergency drain.



A slotted PVC monitoring well terminating just above the lowest filter media should be installed to
allow the property owner to monitor the water level in the trench and measure the infiltration
efficiency. The contractor should take care not to puncture the filter / geotextile fabric when placing
the monitoring well. The bottom of the well will need to be anchored or weighted down to keep it
from settling or shifting to one side or another. The monitoring well should be at least a 4‐inch
slotted PVC pipe with the top elevation set flush with the pea gravel or vegetated surface.
Additionally, the well should have a locking cap.
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Once the filter / geotextile fabric and pipes are secured, a 6‐inch layer of sand should be placed in
the excavation followed by another layer of filter / geotextile fabric. Clean stone / gravel will fill a
majority of the trench followed by another layer of filter / geotextile fabric. The last layer will consist
of 2 inches of 1.5‐inch to 2.5‐inch diameter pea gravel. The pea gravel should extend to natural grade
unless a vegetative cover is desired. Filter fabric should separate the pea gravel and the topsoil to
keep the soil from clogging the pea gravel. A layer of permeable topsoil can be placed over the pea
gravel to accommodate grass or other vegetation. Ultimately, the trench should be designed to
blend in with the surrounding area. The infiltration trench should never be covered with concrete.



An overflow berm set at a predetermined elevations should be constructed on the downhill portion
of the site nearest the trench. This will alleviate potential localized flooding if the infiltration trench
becomes over saturated.

Design Steps:
1.

First determine the storage treatment volume, soil conditions, depth to the SHGW, and the natural slope of
the property at your location using the methods described in Section 2 and Section 3, this will assist in
choosing the optimal location for the LID SWMF.

2.

You will want to keep a minimum of two to four feet separation between the bottom of the infiltration trench
and the SHGW.

3.

Determine the required storage volume using the approach presented in Section 3.1, for this example we will
use 421 ft3 as the storage requirement.

4.

Determine the dimensions of the infiltration trench. For this example, we will use a depth to SHGW as eight
feet; therefore, the design depth of the infiltration trench will be four feet. Using this data, we will determine
the required area of the trench.

5.

The trench will have gravel placed inside, therefore in order to get a representative volume for the capacity of
the trench you will need to take into account the space that the gravel takes up in the trench, for this we will
use 0.3.
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Required Volume of
Stormwater to Be
Retained (ft3)

Average
Porosity of
Filter Media

Additional Infiltration Trench
Volume to Account for Filter
Media

421 ft3

0.3

421 ft3 x 0.3 = 126 ft3

Total Required Volume To Account
for Filter Media

421 ft3 + 126 ft3

= 547 ft3

From this, we can see that we need to increase the trench volume to accommodate the space that the gravel
will occupy while still meeting the stormwater storage criteria.
6.

Next, determine the area required for the infiltration trench if the depth is four feet.
Total Required Volume To Account
for Filter Media

Depth of
Infiltration
Trench (ft)

547 ft3

4 ft

Required Area
of Infiltration Trench (ft2)

547 ft3
4 ft

= 137 ft2

If we make the trench the maximum recommended width of 25 feet, than the length would be calculated
as follows:

Area
of Infiltration Trench (ft2)

Length of
Infiltration
Trench (ft)

137 ft2

25 ft

Area
of Infiltration Trench (ft2)
Length of Infiltration Trench (ft)

137 ft2
25 ft

= Required
Width Length
of Infiltration
Trench (ft2)

= 5.5 ft

According to the calculations, the infiltration trench will need to have a length of 25 ft, width of 5.5 ft, and a depth
of 4 feet. Additional options would be to install two smaller infiltration trenches, make the trench deeper, or use
multiple LID SWMF to meet the storage criteria.
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Refer to Calculation Sheet 5.6 included at the end of this section for assistance with
designing an infiltration trench.
Operation and Maintenance:
Infiltration trenches should be visually inspected during and again shortly after significant rain events. Periodic
maintenance of the infiltration trench will be necessary. Check pre‐treatment applications for sediment build up
and remove excess buildup on a quarterly basis. If sediment becomes an issue this can be resolved by replacing the
filter / geotextile fabric closest to the top of the trench, this layer will be the most prone to sediment buildup. The
pea gravel should be replaced as the filter media (sand and gravel) settles.
Visually inspect the water level in the monitoring well before and after storms to determine that water is
infiltrating at an acceptable rate. Infiltration trenches are not intended to permanently retain water. They should
drain completely during durations of prolonged dry weather; this allows the soil to aerate. If the trench does not
dry out then maintenance is required. A visual inspection of the immediate area around the trench and of the
monitoring well will assist in determining if the trench is draining properly. If soil in the area is frequently saturated
and/or the water level in the monitoring well remains at a high level after significant time passes after the storm
(48 to 72 hours), then the trench may be clogged or could have been compromised with tree roots. In this case
the replacement of the fill gravel, filter / geotextile fabric, and the top 6” of the soil might be necessary.
Walk the perimeter of the trench and look for areas that have washed out or are starting to settle, this could be an
indication of soil piping. Maintain the vegetated buffer and remove any trees that may have taken root during the
last maintenance inspection.
Infiltration Trench Examples:

http://www.fdot.gov/maintenance/RDW/BestMaintPracticesSWRunoff.pdf

https://www.vwrrc.vt.edu/swc/NonPBMPSpecsMarch11/VASWMBMPSpec8INFILTRATION.html
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Maintenance Form 5.6 – Infiltration Trench:
Infiltration Trench LID SWMF
Owner:
Address:

Phone:
E‐mail:
Parcel Number:

Date of Last Inspection:
‐ Please attach pictures
List any additional LID SWMF on site:

List any previous concerns:

Inspection List ‐ Please attach pictures

Yes

No

Does water drain freely through the system?

☐

☐

Are there any areas with prolonged standing water around the infiltration trench?

☐

☐

Is there a buildup of sediment in the infiltration trench?

☐

☐

Is the system over flowing?

☐

☐

Are sediment basins clean and clear from buildup (if applicable)?

☐

☐

Has the soil settled or eroded around the infiltration trench?

☐

☐

Has there been any soil compaction within or around the trench?

☐

☐

Last time sediment was removed from the infiltration trench.
Maintenance Items To be Completed:

By signing this form, I certify that I have inspected this system.
Owners Signature
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Residential Stormwater Management
Low Impact Development

Infiltration Trench Design Calculations
Site Characteristics

ft2
ft
in/hr

Total Area of Parcel
Depth To SHGW
Infiltration

Is Your Property In The Following Locations:

Yes

Line 1
Line 2
Line 3

No

ICPAL
Dune Lake
Near a Mosquito Control Ditch

Treatment Volumes
Treatment Volume (choose the largest)
0.5 in Rainfall Over Disturbed Area
1 in Runoff Over Proposed Impervious Surface

ft

ft3
ft

Attentuation Volume

3

3

Infiltration Trench Design
ft3

Design Volume

3

Line 4

Additional Volume Requirement

ft

Total Required Volume of Infiltration Trench

ft3

Line 6

Depth of Infiltration Trench

ft

Line 7

Required Area

ft2

Line 8

Allowed Width of Infiltration Trench

ft

Line 9

Required Length

ft

Line 10

Recovery Time

hr

Line 11

ft
ft
ft
ft3

Line 12

Line 5

Infiltration Trench Design Back Calculations
Length
Width
Depth
Total Treatment / Storage

LID SWMS TM Section 5.7

Line 13
Line 14
Line 15

https://www.vwrrc.vt.edu/swc/NonPBMPSpecsMarch11/VASWMBMPSpec8INFILTRATION.html
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5.7

Pocket Wetlands

Pocket wetlands are constructed shallow marsh systems designed and placed to control stormwater volume and
facilitate pollutant removal. Pocket wetlands have less biodiversity than natural wetlands but still require a base
flow to support aquatic vegetation. Pollutant removal in these systems occurs through the settling of larger solids
and course organic material and by uptake in the aquatic vegetation. Pocket wetlands are designed with three
distinct zones: a forebay immediately after the inlet, the wetland area, and a micropool immediately prior to the
outfall as wells randomly dispersed throughout the system. The forebay and micropool allow for sediment control.
They are similar in concept to a rain garden and enhanced shallow swale with the exception that they retain water
and are the deepest portions of the pocket wetland.

No fertilizer or pesticides can be applied to system and its 10‐foot perimeter.
Advantages:
Pocket wetlands effectively mimic the complex biological, chemical, and physical processes that take place in
naturally formed wetlands. Improving water quality is a primary focus of pocket wetland design. Settling and
vegetative uptake are the primary mechanisms of pollutant removal associated with this approach. Pocket
wetlands are suitable for locations with HSG classification C and D, where the SHGW table is two feet or less below
the ground surface. This LID SWMF generally presents a very low maintenance solution. They offer a great way to
integrate the natural beauty of water into a vast array of landscaping opportunities.
Additionally, they can act as temporary storage during extreme storm events and enhance the natural ecological
variations that Northwest Florida has to offer. Increasing the duration of discharge and controlling stormwater
volume enables pocket wetlands to significantly reduce peak discharge. Detaining and extending runoff times
reduces the total energy of the storm event. Hydraulic detention of stormwater is achieved through sporadic
increases in the water depth throughout the wetland. A continuous base flow should be available to the wetlands
to keep the area from drying out or becoming stagnant.
Limitations:
Pocket wetlands require more area than other LID SWMF options; therefore, they are not a suitable choice for
areas with limited space. Maintenance can be time intensive if exotic species are allowed to dominate the system,
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therefore they should be eradicated on a regular basis. Pocket wetlands should be established in an area that will
have a continuous base flow; otherwise, the wetland will become stagnant and promote mosquitos. Initial
construction cost may be higher than other LID SWMF options depending on if excavation is necessary to maintain
a permanent pool elevation. The permanent pool elevation should be established and maintained to at least the
SHGW.
Design Considerations:


Pocket wetlands are comprised of several varying water depths. Each section has a specific purpose, such
as settlement and filtration. A general rule of thumb is to allocate a minimum of 1% of the contributing
drainage area as the starting point for the surface area of the wetland; however, 3% to 5% is optimal.



The optimal length to width ratio should be 2:1.



Approximately 25% of the pocket wetland area should have a depth of 6 inches or less, this area is known
as the banks or transition zones.



55% of the pocket wetlands should be no more than 18 inches; this is known as the main channel.



This leaves approximately 20% reserved for deeper pools, one near the inlet (forbay), one near the outlet
(micropool), and several others randomly established throughout the system (deep pools). The deeper
portions slow down water, collect sediment, and provide a safe area for aquatic plants and species to
thrive during times of drought.



Pretreatment of stormwater prior to its introduction into the wetland should be integrated into the layout
to prevent extreme sediment loading. Pretreatment options include filter strips, swales, and catch basins.
Oil and grit separators are recommended if the water has traveled over paved areas such as roads or
driveways.



A soil enhancement plan should be generated along with a landscape and maintenance plan. Soils for the
pocket wetland should be a mix of impermeable and permeable soils. This will allow slower infiltration
rates normally desired in alternative LID SWMF.



The pocket wetlands should have a minimum 50% vegetative coverage established in the wetland zone by
the end of the second growing season.



Incoming water should be a steady tranquil flow to mitigate erosion and sediment transport. This can be
achieved by placing geotextile fabric with riprap over top. This will slow the water down and allow some
of the suspended sand and silt to settle out of the water prior to entering the pocket wetlands.



If the HGS classification is A or B or the depth the SHGW is greater than two feet than a liner or clay layer
may be used to retain the necessary water depth throughout the pond. The infiltration rate of the liner or
clay layer should be less than 0.01 in/hr.



Compaction of the soil within the footprint of the pocket wetlands may be necessary.



The elevation difference between the inflow and the outflow should be between 2 to 5 feet.

Design Variations
Several design variations exist for pocket wetlands, with the differences occurring in the amount of storage volume
provided, pond depth, and dry storage. While other design variations exist including shallow wetlands, extended
detention shallow wetlands, and pond/wetland systems, only pocket wetlands have a realistic application in urban
environments. The other design variations require a larger drainage area to sustain wetland water levels.
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Design Steps:
1.

First determine the storage treatment volume, soil conditions, depth to the SHGW, and the natural slope of
the property at your location using the methods described in Section 2 and Section 3, this will assist you in
choosing the optimal location for the LID SWMF.

2.

Determine the required storage volume using the approach presented in Section 3, for this example we will
use 842 ft3 as the storage requirement. This is based on the wet detention criteria covered in Section.

3.

Determine the dimensions of the pocket wetland. For this example, we will use the following information:
depth to SHGW is 1 feet, the design depth will vary between 18 inches and 6 inches with a few deeper
portions that will extend into the SHGW. Using this data, we will determine the required area of the pocket
wetland. The optimal length to width ratio should be maintained at 2:1. Approximately 25% of the wetland
area should have a depth of 6 inches or less, 55% should be no more than 18 inches, and the remaining 20%
will be reserved for deeper portions near the inlet and outlet.

4.

The pocket wetland will have vegetation distributed throughout, therefore in order to get a representative
volume for the capacity you will need to increase the total volume by 30% (or 0.3).

5.

6.

Required Volume of
Stormwater to Be
Retained (ft3)

Capacity Loss
(Accounting For
Vegetation)

Additional Wetland Volume
to Account for Vegetation

842 ft3

0.3

842 ft3 x 0.3 = 253 ft3

Total Required Volume To Account
for Vegetation

842 ft3 + 253 ft3

= 1,095 ft3

Determine the area associated with 6 inch depth and the area associated with 18 inch depth.
Required Volume of
Pocket Wetlands
(ft3)

Optimum Area
Associated With
6 “ depth

6” Wetland Volume (ft3)

1,095 ft3

0.25

1,095 ft3 x 0.25 = 274 ft3

Required Volume of
Pocket Wetlands
(ft3)

Optimum Area
Associated With
18 “ depth

18” Wetland Volume (ft3)

1,095 ft3

0.55

1,095 ft3 x 0.55 = 602 ft3

The remaining area will be reserved for the deep portions of the system:
Required Volume of
Pocket Wetlands
(ft3)

‐ 18” Deep
Wetland Volume
(ft3)

‐ 6” Deep Wetland
Volume (ft3)

= 3 ft Deep
Wetland Volume
(ft3)

1,095 ft3

‐ 602 ft3

‐ 274 ft3

= 219 ft3
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7.

Next, we will determine the required area associate with each depth. For simplicity, we will neglect the
capacity of the side slopes.
Convert 6” Depth
From Inches to Feet

6 in *

1 ft
12 in

Required 6” Deep
Wetland Volume (ft3)
Depth (ft)

274 ft3
0.5 ft
8.

= 0.5 ft

= 6” Deep Wetland
Area (ft2)

= 548 ft2

Now that we know the area we need for the shallow 6‐inch deep portion, we can determine the length and
width. This will depend on site characteristics. For this example we will allocate a width of 14 feet for the
pocket wetland, keep in mind we are not taking into account the side slopes therefore the actual width of the
pocket wetlands will be slightly greater than 14 feet. Now that we have a proposed width, we can calculate
the length that will be required for us to meet the required storage capacity.
We will use a width of 5 feet for the 6” deep portion; this allocates three feet of shallow area on each side of
the pocket wetland.
6” Deep Wetland
Area (ft2)

= 6” Deep Wetland
Length (ft)

Width (ft)

548 ft2
5 ft
9.

=110 ft

Divide this value in half to account for each side of the pocket wetlands
6” Deep Wetland
Length (ft)

= Length of 6” Deep
Wetland for Each
Side (ft)

2

110 ft
2

= 55 ft

10. Follow the same approach to determine the dimensions for the 18‐inch deep portion of the pocket wetlands.

Convert 18” Design Depth
From Inches to Feet

18 in *

1 ft
12 in

= 1.5 ft
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Required 18” Deep
Wetland Volume (ft3)
Depth (ft)

602 ft3
1.5 ft

= 18” Deep
Wetland Area (ft2)

= 401 ft2

11. Since we are proposing a total width of 14 feet for the pocket wetland, we will allocate 5 feet to the portion
with a depth of 18 inches (the edges of the pocket wetland will gradually transition from 18 inches to 6
inches). Now that we have the proposed width of the 18” deep portion we can calculate the length that will be
required for us to meet the required storage capacity
18” Deep Wetland
Area (ft2)
Width (ft)

401 ft2
5 ft

= 18” Deep
Wetland Length (ft)

= 80 ft

12. Follow the same approach to determine the dimensions for the 3‐foot deep portion of the pocket wetlands.
Required 3’ Deep
Wetland Volume (ft3)
Depth (ft)

219 ft3
3 ft

= 3’ Deep Wetland
Area (ft2)

= 73 ft2

13. We will propose a width of 5 feet for the pocket wetland in the deepest area (the edges of the pocket wetland
will gradually transition from 3 feet to 18 inches and so on). Now that we have the proposed width we can
calculate the length that will be required for us to meet the required storage capacity
Deep Wetland
Area (ft2)
Width (ft)

73 ft2
5 ft

= 3’ Deep Wetland
Length (ft)

= 14.6 ft

Based on these calculations, we need to construct a pocket wetland with the following minimum
dimensions:
‐

Wetland Banks and transition zones: 6 inch deep, total 110 linear feet to include perimeter and
transition zones, 2.5 foot wide;

‐

Wetland Channels: 18 inch deep, 80‐foot meandering channel, 5‐foot wide;
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‐

Wetland Forebay (inlet pool), Micropool (outlet pool), Deep Pools: 3 foot deep, 5‐foot wide, total of
15 linear feet dispersed sections (one on each end and a few dispersed throughout the main
channel).

‐

The deeper portion of the pocket wetlands should be constructed to meander through the shallow
portions, as well as a portion near the inlet (forebay) and a portion near the outlet.

The layout of the meandering channels and deeper pools presents room for creativity. Some people even
go so far as to build observation decking and platforms around the area.
14. Next, determine the recovery time.
Recovery Time

Depth of LID SWMF (in)
0.5*Permeability (in/hr)

Recovery Time For Clay Soils
(Wet Swale with Poorly
Drained Soils)

18 in
0.5 * 0.6 (in/hr)

= Hours

= 60 hr < 72 hr

The recovery time is less than 72‐hours, therefore it is acceptable.

Refer to Calculation Sheet 5.7 included at the end of this section for assistance with
designing pocket wetlands.

Operation and Maintenance:
The following inspection items should be completed after larger storm events as well as on an annual basis:


Inspect vegetation to evaluate overall health and abundancy. Eradicate invasive species and identify any
potential problems with vectors, such as mosquitoes. If mosquitoes are present, natural mosquito control
should be employed. DO NOT USE pesticides or herbicides to the area; the addition of synthetic chemicals
has a negative impact on receiving waters downstream from the pocket wetlands.



Check for sedimentation periodically. Removal of sediments deposited in any portion of the LID SWMF as
necessary in order to maintain the design capacity of the system.

The following maintenance steps should be performed as needed:


Trim overgrown vegetation.



Remove and replace any dead or severely damaged vegetation.



Remove sediment, trash, and debris as needed.



Stabilize any upstream erosion as needed.
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Maintenance Form 5.7 – Pocket Wetlands:
Pocket Wetlands LID SWMF
Owner:
Address:

Phone:
E‐mail:
Parcel Number:

Date of Last Inspection:
‐ Please attach pictures
List any additional LID SWMF on site:

List any previous concerns:

Inspection List ‐ Please attach pictures

Yes

No

Does water move freely through the system?

☐

☐

Are there any areas with prolonged standing water?

☐

☐

Is the vegetation thriving?

☐

☐

Are there any areas with stressed or dying plants?

☐

☐

Are they any invasive species in the wetland?

☐

☐

Is there an excess of plant debris in the wetland?

☐

☐

Is there a buildup of sediment in the area?

☐

☐

Is there evidence of erosion?

☐

☐

Is the system over flowing?

☐

☐

Are sediment basins clean and clear from build up?

☐

☐

Last time rip rap was replenished (if applicable).

Maintenance Items To be Completed:

By signing this form, I certify that I have inspected this system.
Owners Signature
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Residential Stormwater Management
Low Impact Development

Pocket Wetlands Design Calculations
Site Characteristics

ft2
ft
in/hr

Total Area of Parcel
Depth To SHGW
Infiltration

Is Your Property In The Following Locations:

Yes

Line 1
Line 2
Line 3

No

ICPAL
Dune Lake
Near a Mosquito Control Ditch

Treatment Volumes
Treatment Volume (choose the largest)
0.5 in Rainfall Over Disturbed Area
1 in Runoff Over Proposed Impervious Surface

ft

3

ft3
ft3

Attentuation Volume

Pocket Wetland Design
ft3

Design Volume

3

Additional Volume Requirement

ft

Total Required Volume of Pocket Wetlands

ft3

Wetland Volume in Relation To Depths
Volume Associated With 6 Inch Depth

ft

3

ft

3

ft

3

Volume Associated With 18 Inch Depth
Volume Associated With 3 ft Depth
Area Required For Each Depth
Area Associated With 6 Inch Depth
Area Associated With 18 Inch Depth
Area Associated With 3 Foot Depth

ft2
ft

2

ft

2

Line 4
Line 5

Line 6

Line 7
Line 8
Line 9

Line 10
Line 11
Line 12

Total Allotted Width For Pocket Wetlands
Total Width of 6 Inch Depth
Total Width of 18 Inch Depth
Total Width of 3 Foot Depth

ft
ft
ft
ft

Line 13

Length Required For Each Depth
Length Associated With 6 Inch Depth
Length Associated With 18 Inch Depth
Length Associated With 3 Foot Depth

ft
ft
ft

Line 17

Recovery Time

6 Inch Depth
hr
18 Inch Depth
hr
The 3 Foot Depth Should Always Have Water

LID SWMS TM Section 5.7

Line 14
Line 15
Line 16

Line 18
Line 19

Line 20
Line 21
Line 22

Residential Stormwater Management
Low Impact Development

Pocket Wetlands Design Calculations

Pocket Wetland Design Back Calculations
Shallow Zone - 6 Inch Depth
Total Width of Shallow Zone (6 Inch Depth)
Length of Shallow Zone
Total Volume of Shallow Zone
Intermediate Zone - 18 Inch Depth
Width of Intermediate Zone (18 Inch Depth)
Length of Intermediate Zone
Total Volume of Intermediate Zone
Deep Zone - 3 Foot Depth
Width of Deep Zone (3 Foot Depth)
Length of Deep Zone
Total Volume of Intermediate Zone
Total Allotted Width For Pocket Wetlands
Total Allotted Length For Pocket Wetlands
Total Treatment / Storage

LID SWMS TM Section 5.7

ft
ft
3
ft

Line 23

ft
ft
ft3

Line 26

ft
ft
ft3

Line 29

ft
ft
ft3

Line 32

Line 24
Line 25

Line 27
Line 28

Line 30
Line 31

Line 33
Line 34

Pocket Wetland Examples:

http://www.adem.state.al.us/programs/water/waterforms/LIDHandbook.pdf

http://www.roads.maryland.gov/m/index.aspx?PageId=119
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5.8

Pervious Pavers, Porous Concrete, Geogrid System

Pervious pavers, porous concrete, and geogrid systems are all semi‐pervious pavement alternatives to traditional
asphalt and concrete. This LID SWMF approach reduces the amount of stormwater runoff by allowing rainwater to
infiltrate through it, where traditional pavement allows very little stormwater infiltration. Using this type of
material can greatly increase infiltration in areas that would normally contribute to the volume of stormwater that
would have to be retained and treated on site. This in turn could potentially bring the impervious surface of your
project below the 40% ISR threshold and enable you to qualify for the stormwater management exemption.
Pervious pavement, porous concrete, and geogrid systems are a cost effective approach to reducing the IRS
associated with your site. They also work well in tandem with additional LID SWMF techniques.
Advantages:
Installing pervious pavers, porous concrete, and geogrid systems in areas on your property that would normally be
regular concrete or pavement reduces the ISR and reduces stormwater runoff production. The reduction
associated with each option is as follows:
a)

Pervious Pavers ISR Reduction Factor => 0.75

b) Porous Concrete ISR Reduction Factor => 0.50
c)

Geo Grid ISR Reduction Factor => 0.25

Example of how to determine the ISR reduction:


500 ft2 pervious paver driveway would count as (500 ft2 x 0.75) 375 ft2 impervious area.



500 ft2 porous concrete driveway would count as (500 ft2 x 0.50) 250 ft2 impervious area.



500 ft2 geo‐grid driveway would count as (500 ft2 x 0.25) 125 ft2 impervious area.

Additionally, pervious pavement may increase aesthetic value and can be used in a variety of applications, such as
driveways, patios, and sidewalks. It can also have a positive effect with reducing the heat island effect.
Limitations:
This LID SWMF approach can be relatively high maintenance. Edge restraints such as ribbon curb must be installed
around the pervious pavement to prevent failure. The surface must be maintained to prevent significant clogging
which will negatively impact infiltration rates. This application is not suitable for areas with steep slopes greater
than 0.5%. Certain pervious pavement surfaces may be difficult to traverse for individuals who have physical
disabilities. Void spaces filled with filter material can cause the pavement surface to be uneven and especially
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difficult for those using crutches, walkers, or high‐heeled shoes. Sites subjected to hazardous materials and
gasoline are not appropriate for this LID SWMF.
Design Considerations:


Pervious pavers, porous concrete, and geogrid materials are a great alternative to traditional paving
options in areas that are subject to ponding.



Pervious pavers are interlocking blocks that have small open areas filled with gravel or natural vegetation.



Porous concrete and porous asphalt provide a more traditional appearance; both mixes contain small
voids that allow water to infiltration through the material and into the ground below.



Geo‐grids are comprised of a continuous plastic grid filled with gravel or natural vegetation.



All of these applications should be limited to low traffic areas, such as driveways and sidewalks.



The infiltration rate of the native soil is essential to the function of the pervious pavement system.
Compacting the area will reduce the infiltration rate and should be avoided. If the parent soil has been
compacted then the soil must be scarified to a minimum depth of 24 inches and re‐graded.



Runoff from adjacent landscaped areas should not be directed onto the pervious pavement system to
prevent the system from getting over loaded with pollution and sediment.



A pretreatment bioswale or grassy filter strip should be established around the pervious pavement, this
will allow suspended sediments to settle out of the stormwater prior to entering the area essentially
reducing the frequency of maintenance.



Porous pavement should be placed over a 2 inch minimum layer of pea gravel followed by a geotextile
fabric overlain a minimum 8 inch subbase of well‐graded No. 57 gravel (this layer is intended for
stabilization and to allow water to infiltrate in to the voids between the gravel).



Each layer of material should be separated by geotextile fabric designed for stormwater applications.



The geotextile fabric strips should overlap a minimum of 16 inches and should be secured a minimum of 4
feet beyond the area of the proposed LID SWMF.



It is always a good idea to install a small 4‐inch diameter observation well. The well should be placed
within the footprint of the pervious pavement in a location away from vehicle traffic or where it will not
become a tripping hazard. The observation well should extend to the bottom of the gravel layer without
puncturing the geotextile fabric that is separating the filter media from the native soil. The water will rise
in the observation well during a storm event and the property owner will be able to monitor the amount
of time it takes water to infiltrate into the soils below. This will allow the owner to gage when
maintenance might be necessary.

Design Steps:
1.

First determine the required storage volume, soil conditions, depth to the SHGW, and the natural slope of the
property at your location using the methods described in Section 2 and Section 3, this will assist you in
choosing the optimal location for the LID SWMF.

2.

The underlying soil may not be compacted. If compaction is unavoidable, the infiltration rates presented in
this manual cannot be used for the recovery calculations. In this case, a professional infiltration test will be
required to determine the infiltration of the compacted material.

3.

You will want to keep a minimum of two to four feet separation between the bottom of the pervious pavers
and the SHGW. For this example, we will use a depth to SHGW of eight feet.
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4.

Determine the area (dimensions) of the proposed pervious pavement. The design depth of the LID SWMF will
be dependent on the proposed area associated with the pervious pavement and the required storage
capacity.

5.

The pervious paver treatment system will have gravel as a subbase, therefore in order to get a representative
volume for the capacity of the system, you will need to take into account the average porosity of the gravel
media, for this we will use 0.3. Porosity is the ratio of void volume of total volume, in other words it allows us
to determine how much volume the gravel will take up in the LID SWMF.
Required Volume of
Stormwater to Be
Retained (ft3)

Average
Porosity of
Filter Media

Additional Infiltration Trench
Volume to Account for Filter
Media

440 ft3

0.3

440 ft3 x 0.3 = 132 ft3

Total Required Volume To Account
for Filter Media

440 ft3 + 132 ft3

= 572 ft3

From this, we can see that the volume of the system will need to be increased slightly to accommodate
the space that the gravel will occupy.
6.

Next, determine the available capacity of the proposed area. We will use a standard two‐car driveway with a
length of 30 feet and a width of 20 feet.
Total Area of Driveway

(ft2)
30 ft x 20 ft = 600 ft2

7.

We will determine the depth of the LID SWMF needed to meet the stormwater storage requirements with in
the proposed foot print of the driveway.
Total Required Volume To Account
for Filter Media (ft3)
Proposed Area of Pervious Pavement (ft2)

572 ft3
600 ft2
8.

=

Depth of Pervious Pavement
Filter Media (gravel) (ft)

=

0.95 ft

The depth of the gravel filtration system associated with the pervious pavers will need to be at least 1 foot (12
inches).

Refer to Calculation Sheet 5.8 included at the end of this section for assistance in designing
a pervious pavement system.
Operation and Maintenance:
Visual inspection should be completed at least quarterly and maintenance should be completed on an as needed
basis. The voids between pavers should be inspected for missing aggregate. If any filter material has settle or is
missing it should be replenished. The surface of the pervious pavements can become clogged with fine particles
and material that must be removed to maintain design infiltration rates. This can be achieved by using a vacuum or
regenerative sir sweeper. The surface must not be pressure washed to remove sediment since pressure washing
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can force material deeper in to the system where it is more difficult to extract, thus permanently reducing
infiltration rates. If the system consist of cells filled with vegetation than it must be mowed during the growing
season. The mower should be fitted with a bag to collect the clippings.

No pesticide or fertilizer to be applied to this area and within a 10’ parimeter.
Pervious Pavement Examples:

https://www.gtbay.org/wp‐content/uploads/2016/01/Low‐Impact‐Development‐guidebook‐small.pdf

http://commercial.unilock.com/wp‐content/uploads/sites/10/mp/files/assets/files/a‐guide‐to‐engineered‐pavements‐
retaining‐walls‐2014.pdf

v

https://www.nashville.gov/Portals/0/SiteContent/WaterServices/Stormwater/docs/SWMM/2016/
Vol5LID/GIP03_PermeablePavement_2016.pdf
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Maintenance Form 5.8 – Pervious Pavement:
Pervious Pavement LID SWMF
Owner:
Address:

Phone:
E‐mail:
Parcel Number:

Date of Last Inspection:
‐ Please attach pictures
List any additional LID SWMF on site:

List any previous concerns:

Inspection List

Yes

No

Does water drain freely through the system?

☐

☐

Are there any areas with prolonged standing water on or around the pavement?

☐

☐

Is there a buildup of sediment on or around the pavement?

☐

☐

Is the system over flowing?

☐

☐

Are sediment basins clean and clear from buildup (if applicable)?

☐

☐

Has soil settled or eroded around the pavement?

☐

☐

Has there been any soil compaction within the area?

☐

☐

Last time sediment was removed from the system.
Maintenance Items To be Completed:

By signing this form, I certify that I have inspected this system.
Owners Signature
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Residential Stormwater Management
Low Impact Development

Pervious Pavement Design Calculations
Site Characteristics

ft2
ft
in/hr

Total Area of Parcel
Depth To SHGW
Infiltration Rate (See Table 3)

Is Your Property In The Following Locations:

Yes

Line 1
Line 2
Line 3

No

ICPAL
Dune Lake
Near a Mosquito Control Ditch

Treatment Volumes
Treatment Volume (choose the largest)
0.5 in Rainfall Over Disturbed Area
1 in Runoff Over Proposed Impervious Surface

ft3
ft3
ft3

Attentuation Volume

Pervious Pavement Design
ft3

Design Volume

3

Line 4

Additional Volume Requirement

ft

Total Required Volume of Infiltration Trench

ft3

Length Allotted for Pervious Pavement
Width Allotted for Pervious Pavement

ft
ft
ft2

Line 7

ft
in

Line 10

hr

Line 12

Area Allotted for Pervious Pavement
Required Filter Media Depth

Recovery Time

LID SWMS TM Section 5.8

Line 5

Line 6

Line 8
Line 9

Line 11

http://commercial.unilock.com/wp‐content/uploads/sites/10/mp/files/assets/files/a‐guide‐to‐
engineered‐pavements‐retaining‐walls‐2014.pdf

Low Impact Development Technical Guidance Manual for Puget Sound. January 2005

https://www.tremron.com/pdf/product_guides/permeable_pavements_design.pdf
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