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Appendix C

Low Impact Development Toolbox

The following is a “toolbox” of technique and design types that can be used for specific areas and projects. 

Bio-Retention:

A retention bio-swale is a constructed soil and vegetated area that collects stormwater specifically to infiltrate it into the soil. 

Purpose/Function:

The purpose of a retention bio-swale is to provide a vegetated temporary storage area for stormwater until it infiltrates into the ground. This is largely for the goal of reducing stormwater runoff on site. 

Types of Retention Bioswales:

Rain Garden:

Rain gardens are swales planted with attractive vegetation. They are typically used in Residential and highly visible commercial applications, but have been adapted to work in municipal situations as well. Many of Portland’s “Green Streets” projects are examples of rain gardens.

Grassy Swale:

Grassy swales are, as their name implies, are swales planted with a plant pallette consisting of shorter grasses. They are typically used in larger commercial scale work, and are generally not the main visual feature of a site.

Advantages and Disadvantages:

Retention bio-swales have many advantages. From an ecological perspective, they provide infiltration and water quality benefits but also, depending on the design and plants used, they can provide natural habitat for wildlife and/or bioremediation. Retention swales have been used throughout history for handling stormwater problems onsite. They are generally easy to design and install and inexpensive. If incorporated early enough into the design and rough grading is already being done in a space, technically they can be free to install.

There are some disadvantages to retention bio-swales. Retention bio-swales require well-drained soils and a relatively flat site to function properly. They should be kept shallow so as not to be a drowning hazard, and if located on the sides of roads can be a hazard to cars pulling off the side of the road. While maintenance can be minor, they do need to be maintained via weeding and mulching or mowing. 

Design Considerations:

· Retention bio-swales require flat or nearly flat land and soils that drain quickly.

· Do not install a retention bio-swale on a slope greater than 5%.

· Incorporate retention bio-swales into the site design as soon as possible.

· Keep the slopes of the swale shallow, perhaps one foot rise to a three foot run for safety.

· Provide safe overflow for very large volumes of stormwater.

· When selecting plants, use plants that can survive wet conditions.

· Consider bio-remediating plants for specific pollutants and habitat-providing and/ or native plants.

· Installing periodic check dams in a retention bio-swale increases infiltration on a slightly sloped site.

· Locate sufficiently far enough from building foundations to prevent infiltrating water from seeping in.

Maintenance Notes:

· Periodic weeding/mulching or mowing is required to keep swales looking good and bio-remediating pollutants.
· Trash and other accumulated pollutants will need removal.
· Check swales periodically to be sure they are draining properly.
Porous Pavement

Porous pavement is any constructed surface that lets water percolate through it.

Purpose/Function:  

The purpose of porous pavement is to provide a load-bearing surface that water can move through and infiltrate into the subsoil below. It is typically used in low traffic applications like parking stalls, driveways, pathways and for emergency vehicle access.

Some Types of Pervious Pavement:

Porous Concrete:

Porous concrete is simply normal concrete with the fine aggregate not added. It resembles exposed aggregate concrete in appearance. Installation requires specially trained professionals. 

Porous Asphalt:

Porous asphalt is simply regular asphalt with the fine aggregate and some of the tar-bonding agent not added. It appears more course than normal asphalt. No special training or equipment is required to install porous asphalt. 

Unit pavers/bricks/cobble:

These are standard unit pavers, bricks or cobblestone that are installed with permeable joints set on a permeable base. Water conveyance happens between joints.

Reinforced Grass:

Often referred to as “turf block” or “grasspave,” reinforced grass is an open cell unit paver made from metal or concrete and filled with aggregate or turf. Such surfaces are not comfortable for walking and most appropriate for low-traffic conditions. This is a common solution for emergency access with minimal visible impact. See manufacturer for compliance with Fire Emergency Code 902.2.2.2. 

Crushed Aggregate:

Commonly referred to as “gravel,” rushed aggregate is simply that. It is hard to traverse via bicycle and wheelchair. To increase stabilization, aggregate is mixed with an epoxy resin before being laid. Epoxy resin can be slippery, so a light dusting of clean white sand should be applied to the top layer of the paving before the epoxy hardens. 

Advantages and Disadvantages:

Porous pavement has many advantages. It provides infiltration through a paved surface. It is made from normal building materials and installed with normal building equipment. Hydroplaning, black ice and reduced visibility from splash are not concerns on it. Snow often melts faster on it than on normal surfaces. It is also a quieter driving surface than normal pavement. (gravel is quieter?)

There are some disadvantages to porous paving as well. It requires maintenance to stay porous. Most porous pavements cost slightly more than their non-porous counterparts. Porous pavement must be installed on well-drained soils to infiltrate stormwater. Some paving options require special training to install. Misconceptions exist about how well porous paving handles winter conditions. Snow/ Ice conditions on porous pavement do require slightly different treatment than normal pavement. Soil contamination is also a concern. Gravel has the additional drawbacks that it is hard to walk, bike and roll a wheel chair on.

Design Considerations:

· Typically used in low traffic situations such as low volume roads, all parking surfaces, driveways, walkways and emergency vehicle access routes.

· Costs slightly more than impervious counterpart.

· Do not install on slopes greater than 5%.

· Requires well-drained soils for infiltration.

· Freeze/ Thaw conditions: Aggregate base needs to be deep enough that stormwater does not fill aggregate base layer void space and heave paving above. Depth depends on soil but is usually at least 12 inches, and potentially to the frost line.

· Aggregate Base: Aggregate base should be constructed with one to three inch washed aggregate with 40% void space. Depth varies but is generally at least 12 inches. The base should be deep enough to store at least the two-year storm event and drain within 72 hours of the storm event. Note: The two-year storage can be sufficient to meet peak-flow runoff from the 25-100 year storm event.

Maintenance Notes:

· Periodic cleaning is required to keep fine sediment, grease and oil from accumulating and reducing permeability. 

· Avoid heavy loads and compaction.

· Snow removal: 

· Raise plow heights slightly above surface (no more than three to four inches) to remove snow but preserve porous pavement.

· Do not apply sand for icy conditions. 
Flow Through Bio-swale

A flow through bio-swale is any vegetated area that filters pollutants out of stormwater passing through it. Flow through bio-swales do not decrease the stormwater volume of stormwater runoff, only the amount of pollutants in it. 

Purpose/Function:

The purpose of a flow through bio-swale is to filter stormwater. 

Types of Flow Through Bio-swales:

Flow through bio-swale:

A flow through bio-swale is any planted swale sized for a specific rain event to allow sufficient space that stormwater is properly cleaned by the vegetation selected.

Planter box:

A planter box is either a constructed or pre-manufactured device filled with sand or some other filtering material and planted with filtering vegetation that removes specific pollutants from stormwater that enters the box. The stormwater then leaves the box and continues down the watershed.

Vegetative Filter Strip:

While not technically a swale, vegetative filter strips function much the same way as a flow through bioswale. Vegetative filter strips are narrow strips of vegetation that form a buffer around natural elements or drain inlets, allowing only filtered stormwater to enter that element. Width and plant species are the most important components to vegetative filter strips. They are typically built on shallow slopes.

Advantages and Disadvantages: (note, each of these advantages/disadvantages sections starts with the exact same wording. Boring! May be OK for an appendix.)
There are several advantages to flow through bio-swales. They improve the quality of the stormwater passing through them. They can delay stormwater flows a little. They have no special soil requirements, only that plants can grow in the swale and the slope is not too steep. They generally don’t cause geotechnical problems if installed on a slope. They are safe. Since water does not remain in the flow through bio-swale, they are typically not a health hazard either for drowning or vector breeding. They are usually inexpensive and low-maintenance. Depending on the design and plant materials selected, they can be very visually appealing, provide habitat for wildlife and provide an opportunity for bioremediation.

Flow through bio-swales also have disadvantages. They only treat stormwater, they do not infiltrate it into the soil. They require proper sizing and a certain amount of space to function properly. While they can be used on the side of a slope, the internal slope of the swale must be shallow. They require some maintenance. If used on the sides of a road, they can be a hazard to vehicles pulling off that road. Depending on the design, they may not be very visually appealing.

Design Considerations:

· Can be used on a variety of vegetation-supporting soils.

· If used on the side of a hill that is more than a 5% slope, keep the slope of the swale itself between 1 and 4% by wrapping it around the side of the hill and/or using switchbacks.

· Plant selection should depend on location, desired filtering levels, potential for bioremediation, and aesthetic and general environmental value.

· When selecting construction materials, keep in mind that this will, in essence be a temporary miniature stream. Avoid bark mulch, undersized pea gravel or other materials that will float or easily erode and cause maintenance problems downstream.

· Position planter boxes sufficiently far from buildings to allow air space.

Maintenance Notes:

· Periodically weed, mulch (if appropriate), and remove trash and debris that may have collected.

· Check for signs of erosion, poor drainage.

Capture of Rain Water in Cisterns and Rain Barrels:
Cisterns are an enclosed device used to store rainwater. Rain barrels are a kind of cistern.

Purpose/Function:

Cisterns and rain barrels are used to collect and store rain water for use later.

Cistern:

Cisterns are large rainwater storage tanks. They can be located at, above or below grade and are typically gravity fed rainwater from rooftops. They are used at residential, commercial and even municipal facilities.

Rain Barrels:

Rain barrels are small, often barrel-shaped, inexpensive pre-manufactured water storage devices used to store rainwater typically collected off the roof for irrigation purposes. They are typically used at residences.

Advantages and Disadvantages:

There are several advantages to using cisterns and rain barrels. The primary benefit of them is that they are a potential alternative source of water to tap water. While not technically potable, rainwater is generally better for plants than tap water because it is much softer. By using rainwater instead of tap water for non-potable needs, individuals can decrease municipal water usage and associated fees. Rain barrels are inexpensive, readily accessible, and usually require minor additional work to install. If water is conserved and cistern systems are designed appropriately, cisterns can be a source of year round water in some environments. 

There are also disadvantages to cisterns and rain barrels. Cistern systems, while useful, can be costly to design and install. Both cisterns and rain barrels can be unsightly. Water supply depends on weather. Cisterns and rain barrels require maintenance to function properly. In environments with wet and dry seasons cisterns and rain barrels must be large enough to store water to last through the dry season. 

Design Considerations:

· Rainwater must be filtered before entering cisterns or rain barrels.

· Size cisterns sufficiently large enough for usage.

· Consider gravity fed designs.

· Projects should have alternative source of water for drought years.

· Combine cistern with water efficient design to maximize usefulness.

Maintenance Notes:

· Stored water may require periodic treatment.

· Rainwater filters and cisterns require periodic cleaning

Infiltration Unit

An infiltration unit is any constructed subsurface area designed specifically to infiltrate water. Infiltration units can be as simple as an excavated area lined with filter fabric and filled with aggregate or as complicated as pre-manufactured units installed in various areas.

Purpose/Function:

The purpose of an infiltration unit is to provide subsurface temporary storage of stormwater until it percolates into the soils below.

Types of Infiltration Units:

Infiltration Trench:

Infiltration trenches are long narrow excavated areas filled with an aggregate sized to store a certain volume of stormwater. These are often installed down the center of driveways and on the edges of large impervious areas.

Drywell:

A drywell is an excavated deep area generally lined with filter fabric and filled with a material that has a lot of void space such as an aggregate. Drywells increase water infiltration into the soil, especially if a clay layer such as hardpan is close to the surface and can be punctured, to maximize stormwater infiltration in a small area.

Pre-manufactured Infiltration Unit: 

Many infiltration units are commercially available that provide high levels of water storage in tight spaces. These vary considerably, but often are made from plastic and have very high storage capacities.

Advantages and Disadvantages

There are several advantages to infiltration units. Infiltration units help mitigate stormwater runoff on a small site with no risk of drowning or vector breeding. Infiltration units are generally made from readily available material, and are not difficult to design or construct. Infiltration units can be combined with other Low Impact Development strategies to provide even more beneficial results than either could alone. A good example of this is an infiltration unit installed under pervious paving. Infiltration units, especially dry wells can puncture clay hardpan and other infiltration boundaries. 

There are some disadvantages to infiltration units as well. They require well-drained soils that are deep enough to allow at least two feet of soil between the bottom of the unit and the ground water level or limiting feature. They are more costly than swales and do not look very attractive unless planted. Maintenance is low but includes raking and checking that they drain properly. Infiltration units can become clogged and require replacing. Infiltration units should not be walked on. Consider moving infiltration units or separating them to allow for paths of travel.

Design Considerations:

· Only install in well-drained soils on slopes less than 5%.

· Consider installing vegetative filter strips around infiltration units to prevent sediment buildup.

· Plants and organic matter should generally be kept away from infiltration units to prevent clogging.

· Consider installing infiltration units under porous pavement, bioswales (with root barrier) and other Low Impact Development strategies for added infiltration benefit.

· Put in less visible locations or design in such a way to be visually appealing.

Maintenance Notes:

· Infiltration units require some maintenance, typically raking or removing sediment if possible

· Check to be sure infiltration units drain properly.

Constructed Wetland
A constructed wetland is a series of vegetated constructed basins that have a permanent pool of water through out the year or wet season.  

Purpose/Function:
The purpose of a constructed wetland is to filter stormwater from neighborhood and regional size catchment area.  Constructed wetlands can also be used to provide infiltration and some flood protection.

Types of Infiltration Units:

Wet Ponds are the deepest type of constructed wetland, averaging 4-6 feet deep and at most 8 feet in depth.  Wet ponds store more volume of water than other constructed wetlands and are often a visual attraction to a site. Vegetation typically covers up to 25% of the water’s surface.

Constructed Wetland is a wide, shallow constructed marsh.   Constructed wetlands average 1 – 1.5 feet deep and are, at their deepest point, up to four feet. Vegetation typically covers up to 50% of the water’s surface.

Extended Detention Basins are a series of swales that are dry and only temporarily hold water after storm events.  Extended detention basins remove moderate to high levels of pollutants from stormwater runoff, but both wet pond and constructed wetlands remove more.  Extended detention basins benefit from not requiring a base flow in the dry season but are not as visually appealing as other types of constructed wetlands.

Advantages and Disadvantages:
There are several advantages to constructed wetlands.  As long as the topography is relatively flat but drains, constructed wetlands can be built in most soil conditions.  Constructed wetlands are very good at removing most pollutants from stormwater runoff.  They readily treat large volumes of stormwater runoff, help reduce channel erosion of streams lower in the watershed and can provide limited potential flood control.  Depending on the design, they can be inexpensive to construct and are usually inexpensive to maintain.  Constructed wetlands also provide natural habitat and are often considered an aesthetic amenity to a site.  

Constructed wetlands have some disadvantages as well.  They require a large amount of space.  Constructed wetlands that retain water year round require base flow to maintain water level and if designed improperly can be a drowning or vector breeding are of concern.  Depending on the design, they can be expensive to construct.  Weather and unusually high levels of pollutants can affect them.  They do require some maintenance.

Design Considerations:
· Depth varies by type

· For yearly/seasonally wet:

· Design safety shelf around the water’s typical edge that is a maximum of one foot deep and multiple feet wide.

· Base flow must be provided to maintain water level

· Slopes should have a 1.5:1 length to width ratio

· In colder climates where salts are used on the roadways consider a multi-entry approach to constructed wetland design where upper section is designed with salt-tolerant plants while the lower section uses more bioremediating plants.

· Provide for 48 hour drawdown time for non-permanent water bodies

· Size constructed wetlands to treat 85% of annual runoff

· Provide maintenance ramp for access

· If soils infiltrate too quickly consider installing an impervious layer to prevent groundwater contamination

· If year-round base flow is not an option, consider seasonally wet constructed wetland.

· Select plants according to conditions and pollutants

Maintenance Notes:
· Sediment removal is necessary to maintain volume and functionality of constructed wetland.

· Plant harvesting may become necessary if constructed wetland becomes overgrown or if stormwater routinely contains large amount of pollutants.

· Monitor and provide vector control as necessary.  
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