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Chapter 1: Introduction 
1.1 What is the Purpose of this Manual?
This manual was created to help residents and contractors better understand and put into practice the different stormwater management and restoration practices in their homes and community.  A contractor is not necessary to perform several of these options. When a contractor is necessary we find they may not have the time to experiment with these practices on the job.  This manual was intended to provide a guide on how to complete relatively simple projects at home or in a neighborhood
1.2 Who can use this manual? 
If you are interested in contributing to the restoration of the Chesapeake Bay and local watersheds this manual is for you! Contractors who are not familiar with how to implement stormwater management practices and restoration projects will find this manual beneficial as well.  
1.3 What does this manual cover?
This manual is intended to be an evolving product, but the focus is on stormwater runoff and the variety of practices homeowners and contractors can integrate into their homes.  The manual introduces the idea of stormwater runoff and the different practices individuals can implement based on where they live.  These different stormwater management techniques include downspout disconnections, rainbarrels, rain gardens, bioretention swales, soil amendments, green roofs, and permeable pavements.  Each technique answers the following questions: a) what is the specific techniques?  b) how do you build it? c) how much is it going to cost?  d) where should they go? e) how is this practice maintained? 
1.4 How is the manual organized?
This manual is organized as a breakdown of what the varieties of different residential typologies are and which projects can be practiced in these areas.  The manual then explains how to perform these stormwater practices, beginning with more simplistic projects and ending with more complicated scaled projects.  
Chapter 2: Stormwater Runoff
    2.1 Water Supply, Sanitary Sewers, and Storm Drains 

Simply put the water supply is the provision by public utilities, commercial organizations, community endeavors or by individuals of water, usually by a system of pumps and pipes.  This water system gets the supply from various locations, including groundwater, surface water (lakes and rivers), conservation and the sea through desalination.  The water is then purified, disinfected through chlorination or sometimes fluoridated.  Once the water is used, wastewater is typically discharged in a sanitary sewer system.  This system is a separate underground carriage system specifically for transporting sewage from houses and commercial buildings to treatment or disposal.  Sanitary sewers are operated separately and independently of storm drains which carry runoff of rain and other water which wash into city streets.  Storm drains are designed to drain exceed rain and ground water from paved streets, parking lots, sidewalks, and roofs. Most of these drains have a single large exit at their point of discharge into a canal, river, lake, reservoir, sea or ocean. Other than a catch basin, there are typically no treatment facilities in the piping system
. 

Knowing and understanding these different types of water systems can help an individual better grasp their impact they have on the health of the Chesapeake Bay and its surrounding watersheds.  Water does not appear and simply disappear; it comes from a common source and eventually returns.  How the water gets there and the treatments it may or may not receive impact the amount of sediments, nutrients, and pollution entering local bodies of water.  
2.2 What is stormwater runoff? 

Stormwater runoff occurs when precipitation in the form of rain or snowmelt cannot soak into the ground and instead flows on top of the ground on its way to a drain or body of water. Under natural conditions, only about 10% of precipitation runs off into local waterways.  The rest evaporates, gets absorbed by plants, or soaks deep into the ground and recharges groundwater.  Urban areas, on the other hand, are covered 75%-100% by impervious surfaces such as roads, sidewalks, parking lots, driveways, and rooftops which prevent most stormwater from being absorbed into the ground.  About 55% of precipitation becomes runoff in urban areas. 


What happens to stormwater in:
Natural Environment            vs                         Urban Area
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2.3 Why is stormwater runoff a problem? 

There are two main problems with stormwater runoff.  The first problem is a result of too many impervious surfaces, too little opportunity for infiltration, and the need to get stormwater off roads and parking lots quickly.  When rainstorms hit suburban or urban areas, much of the stormwater flows quickly over impervious surfaces into gutter systems, storm drains, or other drainage systems.  Relatively little rain gets absorbed by vegetation or seeps into the ground.  The volume of water in the drains increases dramatically as more water from the entire urban area is quickly funneled into the same drainage systems.  This funneling process increases the risk of flooding, especially during heavy storms.  Furthermore, the process means less water seeps into the ground.  As a result, groundwater does not get recharged and the water table lowers.  A main source of water for wetlands comes from groundwater, and when the water table drops, wetlands become in danger of drying out.   

The second main problem with stormwater runoff is the pollution it carries with it on its way to our local waterways.  Anything that runoff can wash up enters storm drain systems and is discharged, untreated, into local streams, rivers, and lakes.  Because we depend on these local waterways for recreation as well as a source of water for our homes, it is important to keep it as clean as possible.  This pollution also harms the habitat of native Chesapeake Bay and local watershed aquatic plants and animals.  These are five of the main types of contaminants carried into streams, rivers, and the Chesapeake Bay by excess stormwater runoff:

Sediment: makes the water cloudy, blocking sunlight that aquatic plants need for photosynthesis.  Too much sediment kills the base of the food chain, aquatic plants.

Excess nutrients (especially nitrogen and phosphorous from fertilizers): provides an abundance of food for algae. When excess nutrients flow into waterways, algae populations bloom until they have used up all the available nutrients.  Then the algae population crashes.  When algae die, they sink to the bottom and begin to decompose in a process that consumes much of the oxygen in the water. Fish and other aquatic organisms cannot live in these oxygen deficient areas (known as “dead zones”) because, believe it or not, fish need oxygen too. 
Bacteria and other pathogens: make waterways hazardous for all living organisms, including people.

Debris: such as plastic bags, glass bottles, plastic six-pack rings, and cigarette butts can harm ducks, fish, turtles, crabs, and birds by choking, suffocating, and/or disabling them.

Household hazardous wastes: such as cleaning supplies, automobile fluids, herbicides, and insecticides can poison living organisms in the Chesapeake Bay.  People, pets, and other land animals can get sick from ingesting diseased fish or shellfish or drinking polluted water.

In order to prevent all these contaminants from harming people, native species, or the beauty of the Chesapeake Bay and our local watersheds, we must reduce and/or better manage the stormwater that carries these pollutants into our waterways.  
2.4 What is restoration?

The term restoration refers to the practice of renewing and restoring degraded, damaged or destroyed ecosystems and habitats in the environment by human intervention
. You may also hear the words mitigation and retrofit being used interchangeably with restoration, though similar these terms are defined differently.  Mitigation refers to projects or programs intended to offset known impacts to an existing historic or natural resource such as a stream, wetland, endangered species, archeological site or historical structure. In essence the term “mitigate” means to make less harsh or hostile 
. Retrofit refers to the addition of new technology or features to older systems. In terms of the environment it describes the construction or renovation projects on previously- built sites to improve water quality in nearby streams, rivers or lakes
.  These three terms, restoration, mitigation, retrofit, is all based around the idea of bettering and reducing harmful impacts on the environment, however, mitigation and retrofit are terms typically used when discussing the Total Maximum Daily Load (TMDL)3. 
      2.5 Total Maximum Daily Load (TMDL) 

TMDL is the regulatory term in the U.S. Clean Water Act describing the value of the maximum amount of pollutant that a body of water can receive while still meeting water quality standards.  Water quality standards (WQS) are risk-based requirements which set site specific allowable pollutant levels for an individual water bodies.  Individual states assess the uses for the body of water, whether it is for recreation, water supply, aquatic life or agriculture, and then set WQS and applying water quality criteria (numeric pollutant concentrations and narrative requirements) to protect the designated uses
.  When a body of water does not meet the WQS with technology- based controls alone they are placed in section 303 (d) and require the development of a TMDL.  The TMDL is determined after a study of the specific properties of the water body and the pollutant source that contributes. Upon completion of the TMDL assessment and the maximum pollutant loading capacity is defined an implementation plan is developed that outline the measures needed to reduce the pollutant entering the body of water
.  
    2.6 Importance of Mitigation

Mitigation is designed to reduce or eliminate risks to people and property from natural and man-made hazards.  The large number of natural hazards occurring in the U.S. and the increase in the costs to achieve post disaster recovery had led to a need for hazardous mitigation. The Clean Water Act prohibits the discharge of dredged or fill material into waters of the United States unless a permit is issued to authorize such a discharge.  Mitigation allows for a decrease in impacts to aquatic resources such as wetlands and streams by decreasing the amount of metals, sediments and pollution entering the Chesapeake Bay and local watersheds. Mitigation practices help to increase the health of the Bay as well as the communities that live within that area. Basic strategies for to mitigate stormwater are: 
· Detention: an area of land, usually adjacent to a channel, which is designed to receive and hold above- normal stormwater volumes.  The detained stormwater then slowly drains over time our of the detention basin as the flow to the channel and associated water surface elevations recede
.
· Infiltration: the movement through or into the soil 
· Filtration: the process of separating suspended particles from stormwater through a porous material in which the fluid can pass while the suspended particles are retained
. 
2.7 Where you live and what you can do
· Urban Transect 
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Where an individual lives can have a great impact, and sometimes limit what they can do to help stormwater runoff.  It is therefore important to know and understand what kind of environment you live in and what you are allowed and capable of doing to help stormwater runoff.   

The urban transect defines a series of zones as it transitions from rural farmhouses to the dense urban core.  The transect incorporates the variety of residential and commercial spaces into a single neighborhood typically beginning with an area containing a bank, general store, pub, coffee shop, and apartments, and then progressing outwards to the residential density moving from apartments to townhouses to fully detached houses.  There are six zones defined in the transect beginning from rural and ending at the Core:  

· Rural preserve: protected areas  
· Rural reserve: areas of high environmental or scenic quality that are not currently preserved 

· Edge: the transition between countryside and town, primarily single family homes and is the most purely residential zones with some mixed-use such as civic buildings. 

· General: the largest zone in most neighborhoods, more urban in character, higher density with a mix of housing and uses
· Center: small neighborhood center or larger town center (serving more than one neighborhood) 
· Core: typically a central business district, most urban zone. 
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Image of the 6 zones in transect.
· Low Density vs. High Density Homes 
There are two basic genres of residential living conditions, low density and high density.  A low density community, or suburb, is a residential area of a city or separate residential communities within commuting distance of a city.   These housing lots are defined as an individual, freestanding, unattached dwelling unit that is typically built on a lot larger than the structure itself resulting in a decent sized yard.  By having a yard and space the possibilities for storm water management practices are endless. 
On the other hand a high density community can be classified as a compact environment with limited space between buildings and streets.  These homes are typically about the same size as their lots with little to no surrounding area. This can cause issues with what one can and cannot place as space is a strong limitation. 

· Options for different residential typologies
Once the zone of the area has been determined it now time to think about the possible stormwater management options that are appropriate to incorporate.  The table below is a list of possible options an individual can implement based on their zone.  
	Zone
	Stormwater management options

	Rural Preserve
	Downspout disconnection, swales, rain gardens, soil amendments, rain barrels/cistern, green roof, permeable pavers 

	Rural Reserve
	Downspout disconnection, swales, rain gardens, soil amendments, rain barrels/cisterns, green roofs, permeable pavers 

	Edge
	Downspout disconnection, swales, rain gardens, soil amendments, rain barrels/cisterns, green roofs, permeable pavers

	General 
	Rain gardens, rain barrels/ cisterns, green roofs, permeable pavers, downspout disconnection

	Central
	Downspout disconnection, green roofs, permeable pavers, rain barrels 

	 Core
	Downspout disconnection, green roofs, rain barrels/cistern, permeable pavers 


· Renters, Condo owners, and Homeowners
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Renters and condo owners are constrained to their options as the homeowner or landlord ultimately has control of what can be done on the property.   Renters may be able persuade landlords and property managers to allow them to install stormwater management practices, like rain gardens.  Communication in these environments is vital in order to get these projects going.  The first step a renter should do is to inform the other individuals living in the complex and try to gain their support.  A meeting with the owner should be organized to propose their plans.  

Both homeowner and renter need to be informed and involved in the stormwater management practices in order for these projects to be accomplished.  There is power in both numbers and knowledge.  

Chapter 3: Stormwater Best Management Practices
Now that information on the area and the options available are known, its time to take a closer look at what these options entail.  This chapter will help contractors and individuals understand what the projects are, where things need to go, how to do it, and how much it costs to implement. 
It is imperative that you read all directions and considerations thoroughly before beginning your project  
 3.1   Downspout Disconnection 
  (Difficulty: _Easy__ Cost: $15~$20)
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· What is Downspout Disconnection? 
During a heavy rainstorm, a house in which the downspout is connected to the storm drain and/ or sewer system can deliver up to 12 gallons of rainwater in one minute to the sewer system.  This is the main cause of basement backups and increased amounts of water flowing into a sewer system that can cause sewer overflows
. A downspout is simply a vertical pipe used to drain rainwater from a roof leading it to either impermeable pavement, directly into the grass, or straight into the storm drain and/or sewer system
.  A disconnected downspout is when the downspout is disconnected from the storm drain system or sewer system so that the volume of water to the storm drain pipe is reduced thus decreasing the effects of stormwater runoff.  
​​​​​​​​​​​
· Why You Should Disconnect your Downspout
An average rooftop of 1,000 square feet will have approximately 1,560 gallons of water run off the roof down the downspout and into the sewer system leaving little to no time for the water to reach the land and be infiltrated into the earth.  By disconnecting your downspout you reduce the amount going into the sewers.  You can also decrease erosion caused by high volumes of water that flow from the storm drain outfall pipes into local water bodies
.  
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Here, the stormwater does not flow directly into the sewer system.  It instead takes a long path down driveways, sidewalks, roads, and lawns eventually leading to the sewer.  As a result the water is picking up and transporting pesticides, fertilizers, oil, litter and other pollutants that pollute the waterways, lower water quality, harms fish, wildlife, and plants in local streams.  Disconnecting your downspout will decrease the polluted runoff bettering the water quality and habitat of the local streams.  

Disconnecting your downspout can also have personal benefits as well.  It can decrease demand for County water if you capture and reuse water.  By collecting your own water you can also decrease your monthly water bill. (To learn more about how to collect stormwater see section 3.2: Rain Barrels)   

· How to Disconnect your Downspout
Tools: 
Hacksaw



Sheet metal screws

Measuring tape


Screwdriver and pliers

Hammer



Downspout elbow
Splash block



Quick dry cement or rubber cap

Consider the following
· Before beginning construction observe the site:

· Where does the runoff go, to the lawn or draining system? 

· You do not need to disconnect a downspout if the stormwater draining to soakage trenches are in good working order. I.e.: infiltration rate is greater than 2 inches per hour and has a full drawdown time of less than 10 hours, and the trench does not overflow during the entire design storm
.  
· Downspout disconnection is not recommended for residential lots smaller than 6,000 square feet or where soil compaction prevents water from infiltrating 

· Soil compaction is caused when the soil is stressed causing the air between the soil grains is displaces. Stress can also cause water to be displaced as well.  It is the result of heavy machinery or due to continuous passage or use.  
· If a soil is compacted it is will be unable to absorb rainfall, and plants will not be able or have difficulty growing
.

· The area of rooftop contributing to each downspout disconnection should be no greater than 500 square feet.  

· Where gutter or downspout system is not used, the rooftop runoff must drain as a sheet flow from the structure or drain to a drywall.  

· Property lines

· Disconnections should be 5 feet from neighbors property line and 3 feet from the sidewalk

· DO NOT: Disconnect directly over septic tanks, drain field or underground oil tank unless they have been decommissioned

· DO NOT disconnect within 3 ft of retaining wall  
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Redirecting downspouts away from the house
1. Using a hacksaw, cut the existing downspout approximately 9 inches above sewer standpipe

2. Cap sewer standpipe

3. To attach the elbow
a. [image: image50.jpg]


1st crimp the downspout with pliers to ensure good fit

b. Connect the elbow to the downspout using sheet metal screws

i. May be necessary to pre-drill the holes

4. Attach the elbow to the extension and secure with metal screws

a. Note: rainwater should drain at least 5 feet away from the house! 

b. Splash block might help direct water further from the house 

Note: to see other uses and applications for downspout disconnections refer to sections 3.2: rain barrels and section 3.3 Rain gardens 
· Maintenance 

Once you have disconnected your downspout the maintenance is similar to any other kind of landscape or lawn areas.  Check and clear downspout elbows or bends in downspouts to prevent clogging.  Ensure each elbow or section of the downspout flows into the one bellow it by checking that each part is securely fastened together with metal screws.  Maintenance is simply a check up to make sure everything is working smoothly 

3.2   Rain Barrels (Difficulty: Easy Cost: $60 ~ 250)
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· What is a rain barrel? 

One easy way to reduce the damage caused by stormwater runoff in urban areas is to use a rain barrel to retain stormwater.  A rain barrel is a water tank used to collect and store rainwater from a roof.  Typically, they are placed at the end of a downspout so that the water collected in a home’s gutter system flows directly into the barrel.  Rain barrels hold anywhere from 50 up to 75 gallons of water at a time, but they can be hooked together to hold even more.  A nozzle is installed at the base of the barrel and the water collected can be used at any time.  Rain barrels are sold at some garden supply stores, but they can be easily constructed at home.  They come in many different sizes, shapes, and colors, but they all serve the same purpose, collecting rain water.  This guide will help you build your own rain barrel, reduce your water bill, and reduce storm water runoff.

· Why install a rain barrel? 
During a rainstorm that has 1 inch of rainfall, the volume of rain water that falls onto the roof of an average home (1000 square feet) is 623 gallons.  In most cases, this water flows down the gutter system and onto the ground where it sweeps up sediment and pollutants on its way to the storm drain.  With the help of a rain barrel or two, this water can be put to good use.

Watering trees, gardens, lawns, and flower beds makes up almost 40% of total household water use during the summer.  Because there is no chlorine, lime, or calcium in rain water, the water collected in rain barrels is perfect for watering plants.  Many people also use rain barrels to collect water to wash cars, top off swimming pools, and even to use in washing machines.  According to the Maryland Department of Natural Resources, rain barrels can save each household 1300 gallons of water during the summer months.

As much as rain barrels can benefit your wallet, they can also benefit the Chesapeake Bay and local watersheds.  Rain barrels collect rainwater before it even gets to the ground, significantly reducing storm water runoff.  Because rain barrels help you to use water more efficiently, there are both economic and environmental benefits to installing one.  

· Getting started 
Finished rain barrels are sold at many hardware stores starting around $130.  However, they are relatively easy and inexpensive to construct yourself.  They can be a good family project and assembled with simple materials.  

To begin, finding an appropriate barrel is a necessity.  Try to find a barrel that is durable, rust proof, and can hold at least 50 gallons.  If reusing a barrel, make sure it did not contain any chemicals that could contaminate the water inside.  Whatever barrel you get, wash it out with soapy water to make sure it is clean.  
Now, choose which downspout to use.  If you cannot install a rain barrel on every downspout, choose the one which contributes the most to stormwater runoff.  Any downspout that drains directly onto or in close proximity to an impervious service (such as a driveway, sidewalk, or street) should be a top priority.  Other ideal downspouts drain onto steep slopes, towards ditches, or towards any water collecting drainage system component.  You also want to consider how you are going to use the collected water.  For example, if there is a downspout near a flower garden, you can easily use the collected rain water to water your plants.  

Tools 

Marker 



Straight screwdriver 
Compass or substitute


Pliers 
Ruler 




Jigsaw
Drill 




Hacksaw 

1/2" spade bit 

3/4" & 1 5/8" hole saw
· Materials budget
Table 3.1: Sample Materials Budget 

For Rain Barrel Project

	Material
	Quantity
	Price Each ($)
	Total Price ($)
	Source

	Recycled Barrel (50-75 gal)
	1
	5
	5
	local bottling or distributing co.

	Colander**
	1
	2
	2
	K-mart

	1 1/4" barbed fitting with female threaded end
	1
	2
	2
	hardware store

	1 1/4" male coupling
	1
	2
	2
	hardware store

	sump pump hose
	5 feet
	1
	5
	hardware store

	1/2" barbed fitting with male threaded end
	1
	2
	1
	hardware store

	Garden hose
	5 feet
	5
	5
	hardware store

	hose coupler for 5/8" harden hose
	1
	2
	2
	hardware store

	hose coupler for 3/4" harden hose
	1
	2
	2
	hardware store

	Shutoff valve with male and female threaded ends
	1
	3
	3
	hardware store

	hose clamp fits 3/8" to ¾" hose
	1
	1
	1
	hardware store

	hose clamp fits 3/4" to 1 1/8" hose
	1
	1
	1
	hardware store

	10"x10" screen material
	1
	25
	25
	hardware store

	Silicone sealant
	1
	2.5
	2.5
	hardware store

	PLC glue
	1
	2.5
	2.5
	hardware store

	Aluminum elbow
	1
	2
	2
	hardware store

	 
	
	
	
	 

	Total Price
	 
	 
	63
	 


Some colanders will be better to use than others.  A stainless steel colander is best, but you can also use a sturdy plastic one.  It’s important to have a lip around the top and large handles that are parallel to the top for this construction method.  Here is an ideal colander:
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· Building a rain barrel 
The following step-by-step directions will provide one effective design for a rain barrel.  Because these instructions are just guidelines, feel free to try something else to adapt your rain barrel in order to fit your specific needs.  Be sure to read the entire set of directions thoroughly before beginning the project. 
Create a hole for your colander 

With a ruler, measure the diameter of the inside of the colander at its widest point (Do not include the handles or the upper lip of the colander in this measurement.)  Divide this measurement in half to get the radius of the colander and use a compass (or appropriate substitute) set to the radius of the colander to trace the circumference of the colander on the center of the top of your rain barrel.  Next, drill a small hole into the center of the circle you just drew on top of the barrel.  Use a jigsaw to begin cutting out the top of the rain barrel.  Cut from the drilled hole out to the edge of the traced circle.  Take care to avoid cutting too large of a hole or the lip and the handles of the colander will not rest on the top of the barrel.  Cut all the way around the perimeter of the circle.  This gives a hole in the top of the rain barrel to place the colander in. 

Use a compass to trace the 

inner circumference of the colander

[image: image10.emf]
Create the drain and overflow hole 

Choose a spot for the drainage hole on the side of the barrel about two inches up from the bottom.  This is where the hose is hooked into to use the water in the barrel to water a garden, yard, etc.  Use the 3/8” hole saw to cut out the drain hole.  Next, think about where you want water to go when the barrel is full and starts to overflow.  Overflow should be directed away from the foundation of the home and towards something that will soak up the water to prevent it from entering the storm drain system.  Consider pointing the overflow towards the lawn, rain garden, or even direct it into another rain barrel (see “Connect another rain barrel”) allowing for a greater collection of water.  Choose a spot on the side of the barrel near the top in the direction you want overflow water to go.  Use the 1 5/8” hole saw to drill out the overflow hole. 

Install the overflow hose 

Cover the threads of the 1 ¼” white male coupling with silicone sealant to create a waterproof seal.  With the 1 ¼” white male coupling in hand, reach inside the rain barrel and place it through the overflow hole so that the threads are outside the hole.  Next, screw the gray 1 ¼” barbed fitting into the threads of the male coupling in the overflow hole.  Then place the hose clamp onto the sump pump hose and attach it to the 1 ¼” barbed fitting in the overflow hole.  Be sure to tighten the hose clamp. 
 (Optional) Connect another rain barrel 

If another barrel is accessible and there is a need to hold more water at once, the second barrel can be easily attached to the first barrel.  To connect another rain barrel, install a drain and attach both a white male coupling and grey barbed fitting to the second barrel, with a few adaptations.  The second barrel will need four holes in total.  The first hole needs to be on the top, just large enough to reach an entire arm into.  The second hole will be this barrel’s overflow hole.  Install the 1 ¼” white male coupling, 1 ¼” barbed fitting, sump pump hose, and sump pump hose clamp as similarly done to the first barrel.  Remember this overflow hole needs to be near the top of the barrel.  Next, install another hole on the opposite side of the barrel.  This hole has to be lower than the overflow holes on the first barrel and the second barrel.  Decide how to position the barrels next to each other.  If they are on uneven ground, make sure this third hole is lower than both overflow holes.  Install the 1 ¼” white male coupling, 1 ¼” barbed fitting, sump pump hose, and sump pump hose clamp in the same way as the other overflow holes.  Attach the other end of the overflow hose from the first barrel, onto this 1 ¼” barbed fitting.  Finally, use the 3/8” hole saw to cut out your drain hole for your second barrel.  If you wish to add on any more barrels, repeat this step for your next barrel.  Remember that the third hole on every barrel has to be lower than the overflow hole on the barrel before it in order for the water to flow to the next barrel.
How to connect two rain barrels  

Note that the connecting hole on Barrel #2 is lower than Barrel #1

 so the water will flow from Barrel #1 to Barrel #2
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Install the garden hose 
Cover the threads of the ½” barbed fitting with silicone sealant.  Then screw the ½” barbed fitting into the lower drain hole.  Put the small hose clamp around one end of the garden hose and push the hose onto the ½” barbed fitting.  Make sure the clamp is tight.  On the other end of the garden hose, attach the hose coupler and screw the shut off valve onto the hose coupler.

Attach the garden hose   

 

[image: image12.emf]
Prepare the colander 

Cut the screen material so it will cover the top of the colander.  Make sure the screen covers the whole colander; it’s ok to overlap it.  Use PVC cement to seal the screen to the lip of the colander.  If the screen is overlapping the colander, just cement the extra screen on the outside of the colander.  Place the colander into the circular hole on the top of the barrel. 

Attach the screen to the colander

[image: image13.emf]
Attaching barrel to the downspout 
With a hacksaw, cut the downspout about a foot higher than the top of the rain barrel.  Then attach the downspout elbow into the end of the downspout so that it is directed straight into the colander of the rain barrel.  It’s a good idea to secure this elbow into place with the silicone sealant or some other method.

Angle downspout elbow directly on top of your barrel  
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· Maintain your rain barrel 

Once the rain barrel is completed and installed, be sure to use the water stored up in the barrel after a rain storm.  Also, make sure that the downspout elbow stays in place and directs the water into the top of the rain barrel. Some other tips and considerations include: 
· Empty the barrel monthly 

· Clean gutters regularly to reduce debris

· Do not let water sit in the barrel for longer than a month

· Keep the hose attachment area clear to ensure the water is able to come out 

· If a leak forms aquarium caulk can be used to fix it

· In the winter it is recommended to remove and drain rain barrels to prevent ice damage. 

· Also recommended to remove existing downspout and elbow

3.3   Rain Gardens (Difficulty: Easy Cost: $3 ~ $4 per ft2) 
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· What is a rain garden?

Another way to capture excess stormwater runoff is to build a rain garden. Rain gardens are designed to contain and naturally drain stormwater runoff.  They give stormwater a chance to slowly seep into the groundwater instead of rushing into storm drains all at once.  In addition, rain gardens help to reduce the amount of sediment and other pollutants that runoff typically carries into drainage systems.  Other than stormwater management, rain gardens provide an aesthetically pleasing native habitat for small animals like birds and butterflies.  

· Choosing a location

Before beginning a rain garden project, identification of the best location is a must.  Typically, rain gardens are located downhill from a large impervious surface such as a downspout from a roof or a large driveway.  The goal is to use the rainwater from your roof or driveway to water the garden.  This is the location that can benefit the most from a rain garden.  

Not all places are fit for rain gardens.  It is important to keep rain gardens at least 10 feet away from the foundation of a home.  This is to prevent the water that seeps into the ground through the garden from seeping into an existing basement.  Also, do not try to put a rain garden into an area with a water table close to the surface or there will be nowhere for the stormwater to go.  To make sure the water table in your yard is not too high, dig four feet down into the ground.  If you do not see water, then your water table is low enough to have a rain garden.  Lastly, do not install a rain garden behind a retaining wall because it can cause the wall to collapse.  

· Testing the soil

One of the first things necessary to begin is figuring out the soil composition.  Sandy soils will allow rainwater to infiltrate more quickly.  This means you will not have to dig very much to build a rain garden!  On the other hand, clay soils will drain much slower and require a little more work to make a rain garden.
1. Dig a round hole 6”deep x 6”across. 
2. Fill the hole with water and let it sit.
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After an hour, refill the hole with water.  Measure the depth of the water with a ruler. 

4. After another hour, measure the water depth again.

5. If the water level went down more than 5/8”, your soil has enough loam or sand for good infiltration.  If the water level went down less than 5/8”, you are going to need to fix it by digging your garden an extra 3” deeper.  Then fill in 3” with a mixture of 50% sand, 25% topsoil, and 25% mulch.

· Sizing a rain garden
In order to know how big to build a garden, accurately calculate the surface area of the impervious surface that is draining into the garden.  As a general rule, the garden should be about 25% of the size of the impervious surface.  If the soil drains more quickly, make the garden a little smaller.  If your soil takes longer to drain, make the garden a little bigger.

· Start digging
Remember not to place the garden in a place that might compromise the integrity of an existing structure (e.g. driveway, retaining wall, or within 10 feet of your home’s foundation).  Also, make sure the garden is directly downhill of the drain from which you are capturing rainwater.  Dig a flat-bottomed pit about 3” deep in the size and shape that you need.   Use the excavated dirt to form a berm that will not allow water to flow out the back of your garden.  
Place berm downhill of downspout or runoff source
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Next, make sure the bottom of the garden is relatively flat so that water will be evenly distributed throughout the garden (a level may be used to do this).  Place the level on the ground of the pit and check to make sure the bottom is level.
It is also a good idea to test the hydrology of the base of the garden.  Use an outdoor faucet and hose to run some water from the source expected to use and see what happens.  Make the necessary adjustments to ensure the water flows into the garden and disperses evenly.  A small channel to direct the water flow may be necessary.  If a channel is used, be sure to reinforce it with some gravel so it will last.

Diagram of home rain garden

Note the fortification of the channel from the downspout to the rain garden.  
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· Planting and maintenance 
Before choosing the plants to install, keep in mind the garden will be very wet at times and dry at others.  Plants that are durable should be considered.  Native plants are best adapted to your area and have deeper root systems that will absorb water better.  Also consider how much sun the garden is going to be exposed to and choose plants accordingly.  Lay out a design of the plants to be planted, leaving enough space in between each one so they have space to grow.  Below is a table of plants that are native to the Chesapeake Bay region and should do well in a garden if you are in the area.  Use a variety of different plants to see what will work best for the garden and what will look most attractive.  Weeding while your plants are still young might be necessary.  Just monitor the garden periodically and make adjustments when needed.

Rain garden plants for Chesapeake Bay region
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· Examples of finished rain gardens
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Chesapeake Bay Trust funded 
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Chesapeake Bay Trust funded project

Congratulations!
By successfully building and maintaining a rain barrel and rain garden, you are greatly reducing the amount of stormwater runoff that goes into the Chesapeake Bay.  The next step is telling everyone about the problems associated with runoff as well as your successful projects that manage it.  Put a sign up, that tells your neighbors about the project.  You can make an even bigger impact just by spreading the word.  

3.4   Bioretention Swales 
(Difficulty: Medium to Difficult Cost: ~$10 /linear ft) 
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· What is a Bioretention Swale? 

A bioretention swale is a graded engineered landscape feature appearing in a linear, shallow, open channel with a trapezoidal or parabolic shape.  Swales are typically a low cost low maintenance option to remove sediments, nutrients and pollutants that can add a visually aesthetic component to any site. Swales provide a solution for stormwater movement off impervious surfaces as well as slowing down the water and allowing the water to infiltrate into the soils.  Bioretention swales are a more environmentally preferred solution or enhancement to the more traditional curb and gutter based sewer system.  The linear structure of the swales favors their use in treatment of runoff from highways, residential roadways and common areas in residential sub-divisions, along property boundaries and in and around parking lots
. There are four basic design variations for a bioretention swale
: 
· Grass Channel: This channel consists of a broad, mildly sloped open channel designed to maintain a minimum residence time of 10 minutes for the “water quality storm” This practice uses a flow rate as the principle design criteria

· Dry Swale: Consists of an open channel capable of temporarily storing the water quality treatment volume (WQV) and it is a filtering medium consisting of soil bed with an underdrain system 

· Wet Swale: Also stored WQV, but it does not have an underlying filtering bed.  It is constructed directly within existing soils and may or may not intercept the water table.  

· Filter Strip: A grassed practice which accepts sheet flow runoff from adjacent surfaces.  Their function is to slow runoff velocities and filter out sediments and pollutants.  
· Characteristics of a swale and when you should implement it
Bioretention swales help decrease the impacts of stormwater runoff.  They trap and remove sediments and other pollutants while decreasing the peak runoff velocities improving water infiltration back into the soil.  Swales also decrease the risk of erosion from occurring.  Through the water infiltration the swales are also providing some groundwater recharge.  They can create a visually appealing and beneficial habitat for any lot and they provide an effective pretreatment for stormwater passing through for further processing by additional stormwater management practices.  The entire means is cleaner water and a decrease in harmful impacts of stormwater runoff from impervious surfaces.  Building a swale is also less expensive and beneficial than the typical curbs and gutter systems
.  

A Bioretention swale has four design components
:


1. Inflow regulation that diverts a defined flow volume into a system
2. Pretreatment technique to capture coarse sediments

3. A filter bed surface and unique filter media

4. An outflow mechanism to return treated flows back to the conveyance system and or safely handle 

    storm events that exceed the capacity of the filter

Typical section of a Bioretention swale includes a drainage layer, transition layer, filter media, and the vegetated swale: 
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The following are general guidelines that can assist the designer to determine when to utilize Bioretention for stormwater management
:

1. Facilities can be placed close to the source of run-off generation

2. The site permits the dispersion of flows and bioretention facilities can be distributed uniformly

3. Sub-drainage areas are smaller than 2 acres and preferably less than 1 acre

4. Available room for installation including setback requirements

5. Storm water Management (SWM) site integration is a feasible alternative to end-of-pipe BMP design

6. Suitable soils available
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Bioretention swales can be placed in
:
· Parking lot islands and medians

· Residential roadside swale

· Highway median 

· Landscape buff

· Areas to partially treat water quality attenuate and convey stormwater away from critical infrastructure

Note: May not be applicable to sites with too many driveway culverts or extensive sidewalk systems

· Site and Design Plan 

Before beginning construction there are several factors that must take into consideration for the bioretention swale. A geo-technical testing of soil is recommended to establish soil porosity and identification of close-to-surface bedrock outcrops that may require re-location of the swale.  Local authorities must be approached for an understanding of requirements (Some areas have manuals and facts sheets available), and for the permits and inspection requirements (varies depending on location) before the project is to commence.  

Choosing a site
: 

· Dry swales can be sited on most soils, but native soils with low permeability will need to be amended or replaced
· The bottom of the swale should be at least three feet above groundwater to prevent the bottom from remaining moist or groundwater from being contaminated
· If implemented in areas with steep slopes, a dry swale should run parallel to contours in order to be effective 
· Swales should be designed to treat small, flat drainage areas.  
· If the swale employs slopes steeper than 4% or if they are used to treat areas larger than 5 acres the flow velocity becomes too great for effective treatment and erosion of the channel is more likely 
Swale Design

· Evaluate the sites existing topography and associated drainage patterns 
· Bioretention areas should be applied where sub-drainage areas are limited to less than 1-2 acres.  
· Note: Commercial or residential drainage areas exceeding 1-3 acres in size will discharge flows greater than 5 cfs for a 10 year storm event. 
· The cross section of the swale should be trapezoidal or parabolic with relatively flat side slopes (less than 3:1, Horizontal: vertical) 
· Shallow slopes allow runoff entering the side to receive some treatments, a filter strip or other vegetated buffer should be located on both sides of the swale 
· The flat channel bottom should be between 2 and 8 feet wide, the minimum to ensure sufficient filtering surface for water quality treatment and the maximum to minimize formation of small channels within the swale bottom. 
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· The typical swale is designed to accommodate runoff from a 2- year storm to flow through without causing erosion but should handle larger flows
· To calculate 2 and 10 year storm flow see: http://www.unioncountypa.org/residents/government/land/planning/pdf/ordinance/appendix_p_-_stormwater_tables,_calculations,_cns.pdf
· The longitudinal slope of the swale should be between 1 and 2%, along with dense vegetative cover helps reduce flow velocity, prevent erosion and filter runoff
· If slopes exceed 4% check dams can be installed to reduce the effective slope to below 4%. 
· Grade should be continuous and uniform 
Design Process: 
The design process for a swale can be a little difficult and technical. Before construction, first: 
1) determine watershed area (should be obtained from landowner) 

2) Determine the amount of impervious land area in the lot 

a. Impervious land area = area of the land * impervious coverage land

3) Determine the runoff coefficient (Rv)
a. Rv  = 0.05 + 0.0009 (I) 
b. Where I stands for site percent impervious 

4) Calculate Water Quality Volume (WQV) 

a. WQV = P * Rv
b.  P is the rainfall in inches and Rv is the value calculated in step 3. 

5) Determine the swales dimensions (bottom width, depth, length and slope) required to store the WQV in a shallow ponding depth (18 inches maximum depth) 
a. Flow depth and velocities at WQF: this is used to size the swale given the site conditions 

Manning’s Equation V = (1.486/n) * A * R2/3 * S 1/2 

Where:

V = cross-sectional average velocity 

n = manning’s Coefficient; 0.24 
A = Cross Sectional area of the flow in the channel 

R = Hydraulic Radius = “A”/ Wetter Perimeter (P) 

S = Longitudinal slope, length drop per unit length run. 
(Note: the wetted Perimeter is portion of the cross-sections perimeter that is wet)
6) Performance Test: Once you have determined the average velocity you are able to double check the geometric parameters of the swale by using the Hydraulic Residence Time (HRT) 

a. Hydraulic Residence Time:   HRT = L/ (60*V) 

Where:

L = proposed length of the swale

60 = the conversion from seconds to minutes 

V= Velocity calculated in step 5 
Note: The minimum travel time within the bioretention swale, the HRT, is set at 5 minutes. If the HRT is less than 5 minutes then the length of the Bioswale should be increased, or the velocity should be decreased by increasing the width of the bioswale or by decreasing the slope.

7) Provide a minimum of 6 inch freeboard (height of channel sides above water surface) above 10 year stormwater surface profile 

Design Calculation References:   

For more information on design calculations refer to: Design of Stormwater filtering Systems (1996) by Claytor and Schueler; Center for Watershed Protection and Chesapeake Bay Research Consortium; Ellicott City and Solomons, MD 

Additional references to help understand these complexities of design can be found in a number of municipal, state, and non-governmental organizations who provide Best Stormwater Management information. 
· Approval and Permits
Before beginning construction you must obtain permits for construction. A structural and site plan must accompany the permit application.  Local authorities must be approached for an understanding of the requirements and the permits and inspections required
. The installation of the bioretention is a component of the grading and stormwater management permit associated with the subdivision or individual lot.  For specific permitting information you can contact the Permits and Review Division, Department of Environmental Resources.  A pre-construction meeting is required for all sites with approved stormwater management and sediment control plan
. 
· Construction

1. Drive wooden stakes into the ground to mark the path of the swale 
2. Cut into the sod with a sod cutter and carefully lift the strips of sod away from the area where the swale is being installed. Provide the sod with moisture to keep it alive as you will be able to replant it later
3. Dig the trapezoidal shaped trench to the calculated dimensions 
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4. Cover the soil in the trench with a landscaping fabric

5. Install underdrain system
 

a. Underdrains are typically located at the invert of the Bioretention facility to intercept any filtered water that does not infiltrate into the surrounding soils

b. Pour 2 inches of gravel into the bottom of the trench and flatten it out 

c. Lay drain tile in the trench with perforated edges facing down. Drain tile is plastic pipe with perforations in it that is used in drainage projects
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d. Add more gravel to the drench until the drain tile is 5 inches below the gravel 
6. The transition layer is added next.  This material should be sand/coarse material 

a. it is recommended to be a minimum of 100 mm thick 

7. The filter media layer is then added
a. Filter media provides the majority of the treatment function, through fine filtration and also by supporting vegetation that enhances filtration, keeps the filter media porous and provides some uptake of nutrients and other contaminants. 

b. Typical depth is 300- 1,000 mm

c. Can be siliceous or calcareous in origin

d. Material to be placed lightly compacted (compaction is only required to avoid subsidence and uneven drainage

e. Material should be sandy loam (a mixture of equal proportions of sand silt and clay) or equivalent to that 

f. Ensure the swale is graded to a gentle dip when filling in filter media

8. Presoak the planting soil prior to planting vegetation to allow for settlement


a. Can be done by water truck or allowing water to enter pit from a rain event

9. excavate or fill to achieve proper design grade, leaving space for upper layer of mulch and/or topsoil that will bring the surface to final grade and ready for planting

10. [image: image55.jpg]


Prepare soil for sod and other vegetation

a. Prepare the top three inches of soil to provide sufficient aeration to allow rapid root growth 

b. Sod rolls are laid perpendicular to slope to assist in erosion control (Sod edges should butt against each other and vertical joints staggered like a brick wall) 

c. Inspect laid sod for gaps and foreign materials then rolled to ensure root surfaces are in contact with soil

d. Water at least 2-3 times in the first few weeks

11. Plant vegetation 

a. Type of vegetation must be taken into account:

i. Soil conditions

ii. Climate: plants have to by sufficiently hardy to withstand the more extreme conditions to occur in your region

iii. Topography: vegetation must be able to withstand forces created by flowing water

iv. Available sunlight 

b. Selected vegetation must meet the following criteria: 

i. Have a deep root system or form dense sod to resist scouring

ii. Be vigorous growers

iii. Have a high stem density to help slow water and facilitate sedimentation

iv. Be tolerant of flooding and able to survive and continue to grow after the inundation period

v. If to be used near a road the plants must salt tolerant

c. Contact a local horticulturist and specialists in native planting for recommended species used in grassed swales

· Maintenance

· Check for retention of stormwater. Ponding is normal and to be expected, but should not exceed 2-3 days
· Replace soil and/or plant material for erosion control

· Remove sediment to maintain plant growth and water storage capabilities of the Bioretention swale

· Clean under-drains by jet-cleaning or vacuuming

· Replace or amend soil to maintain stormwater infiltration and pollutant removal capacity of the Bioretention swale. Inspections are required to check for pollutants and organic material 

· Rebuild or reinforce hard structures (drop inlets, gutters, outlets) 

· Re-grade or re-contour side slopes to maintain design slope storage area 
   Table 3.2 Bioretention Swale Maintenance Needs. 
	Monthly
	Twice-a-year
	Once-a-year

	· Mow Grass

· Remove trash and debris 
	· Clean curb-cuts: remove debris from the gutter and the entrance to swales

· Remove and/or prune vegetation

· Water plants

· Weed
	· Clear vegetation within one foot of inlets and outfalls 


· Example Bioretention Swales: 
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3.5   Soil Amendments (Difficulty: Easy   Cost: $1~ $3 per ft2)
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· What is a Soil Amendment? 
During construction on a lot there is typically a removal or stock piling of existing vegetation and topsoil.  As a result there is a change in the hydrological characteristics (properties, distributions, and effect of water on the earth’s surface
) of the soil.  The soil has now lost its structure, pore space, organic content and biological activity.  Following construction these areas of thin layers of topsoil are spread over a thin highly compacted subsoil to be then seeded or sodded
.  To counter these effects one can use the practice of soil amendment.  Soil amendment is any material mixed into a soil to improve its physical properties such as, water retention, permeability, water infiltration, drainage, aeration, and structure
. Materials common include municipal biosolids, animal manure and litter, sugar beet lime, wood ash and coal combustion products, and many more.    

· Why Implement Soil Amendments?
Soil amendments increase the spacing between soil particles allowing the soil to absorb and hold more moisture.  This in turn reduces runoff and its damaging effects of the excessive runoff on local streams.  By amending the soil the various physical, chemical and biological characteristics are changed, making the soil more effective in maintaining water quality.  Soil amendments allow for an improvement on the environment for plant roots.  Soil amendments also ensure proper water infiltration and water nutrient capacity and quality coming from stormwater runoff. The use of soil amendments can prevent and improve three of the most common problems soil currently faces after being disturbed or constructed on
:

1) Toxicity of various soil contaminants, primarily metals, that could be harmful to plants, soil animals, 
and soil microbial populations. 

2) High or low pH levels that create infertility (the soil is not able to sustain plant life) in the soil and cause metals and oxyanions to go into 
solution as well as problems in the ecosystems functions 

3) Nutrient deficiencies and low fertility.  

Chemicals may be present in the soil but not all of them will be bioavailable or photoavailable
. There may be several exposure pathways and adverse affects that need to be addressed to solve bioavailability and photoavailability problems including:   

Phototoxicity: the result of a harmful substance accumulating in plant tissue to a level that affects the

plant’s growth and development.  This can result from toxic metals being in high concentration in the soil and this toxicity becomes more severe at acid pH or when coupled with other nutrient deficiencies. 

Food Chain Contamination: refers to the potential for the soil metals to cause harm to animals that feed off of the plants and animals living among the litter and inside microscopic crevices of the site soil. 

Ingestion of Contaminated Soil: This may result in increased exposure to most elements that may pose a risk include: fluorine (F), lead (Pd), arsenic (As), and cadmium (Cd).  Direct ingestion of soil by adult humans is generally not risky; however, children who are growing will absorb a greater portion of the ingested contaminants.  

Runoff: movement of materials over the soil surface, potentially leading to erosion and contaminants may come into solution and flow over the surface soils and off site.

Leaching: refers to the movement of contaminants through the soil profile.   
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Water Quality Benefits of Soil Amendments
: 

· Filtering and breaking down potential pollutants

· Immobilizing and degrading pollutants by holding potential pollutants in place allowing soil microbes to decompose them 

· Reducing the need for fertilizers, pesticides, and irrigation by supplying more nutrients and slow-release  of them to the plants

· Holding more rainwater on-site, decreasing runoff, and providing increased soil moisture and infiltration capacity 

· Increasing soil stability, leading to less potential of erosion

· Providing added protection to groundwater resources, especially heavy metal contamination 

· Reducing thermal pollution by maintaining runoff

Water Quantity Benefits of Soil Amendments 28: 

· Holding more rainwater on-site, attenuating peak flows and decreasing runoff
· Helping maintain base flow to local waterway, especially during dry episodes
· Providing increased groundwater recharge through better infiltration and by maintaining the water on-site longer
· Improving soil structure and stability, while increasing infiltration capacity and available storage within the soil 
· Reducing paving and compaction of highly permeable or problem soils through a site fingerprinting approach 
· Increasing soil stability, leading to less runoff and erosion through improved cover conditions.  
All components of an ecosystem are dependent on a healthy soil for the system to function.  Soil amendments help prevent the issues described above and ensure the health and sustainability of the soil.  They reduce these exposures by limiting many of the exposure pathways and immobilizing contaminants to limit bioavailability, as well as enable site remediation, re-vegetation and revitalization, and reuse.  

· Construction
First test the soil to determine the amounts of nitrogen, potassium, and phosphorous currently present.  These amounts will determine what materials to use. A list of materials, their uses, costs and available links are found below.  Many materials can be inexpensive and even free at sawmills and companies alike
.  

	Table 3.3 Types of Soil Amendments 
	
	

	Type Soil Amendment 
	Uses 
	Costs 
	Available Links 

	Compost 
	Adds organic matter, contains beneficial microorganisms 
	$10 - $30 
	 

	Peat moss
	Increase moisture retention and Improve sandy soil
	$2.36 per cu ft - $4.74 per cu ft
	 

	Animal Manures 
	adds nutrients and bulk, 
	$0.67 - $0.99 Per lbs. 
	 

	Seaweed
	Adds Nitrogen, potash and trace minerals
	Free (can be collected on beach during fall 
	 

	Sawdust, wood chips, straw
	Bulk soil, suited for clay soil, lightens soil texture, Decreases nitrogen content
	materials free, transport and application fee
	 

	Green Manures1
	Add bulk and improve drainage and aeration, adds Nitrogen protects bare soil
	Varies 
	 

	Biosolids
	Nutrient source, organic matter source, 
	Typically free, Municipalities may pay for transport and uses 
	National Biosolids Partnership (http://www.biosolids.org/in dex.asp)

	Pulp Sludge 
	Organic Matter source, slope stabilizer 
	materials free, transport and application fee
	American Forest and Paper Association (http://www.afandpa.org/Te mplate.cfm?section=Pulp_a nd_Paper)

	Lime
	Increases pH and Ca
	$8 - $30 per ton 
	National Lime Association (http://www.lime.org/ENV0 2/ENV802.htm#BioS)

	Coal Combustion Products
	Increase pH, source of mineral nutrient 
	materials free, transport and application fee
	American Coal Ash Association (http://fp.acaa-usa.org/CCP.htm) The Fly Ash Resource Center (http://www.geocities.com/c apecanaveral/launchpad/209 5/mar_index.html)

	Sugar Beet Lime
	Increases pH
	materials free, transport fee
	 

	Red Mud
	Increase pH, sorbent 
	Commercial Product from a residual under development 
	 Interim Remediation Measures) International Aluminum Institute (http://www.world-aluminium.org/environment /challenges/residue.html)                                                                                       Red Mud Project (http://www.redmud.org/ho me.html)

	Foundry Sand
	Modifies texture, sorbent
	materials free, transport and application fee
	 

	Gypsum
	good for soidic soil, low pH, and structure 
	materials free, transport and application fee
	 


Things to consider 28: 

1. Upon installation scheduling considerations include grass seed germination and constraints associated with actual on site construction. 

2. Turf Germination Period: seed germination and turf establishment can take 9-12 weeks. This is dependent upon your climatic zone.  There is a critical window of 2-3 weeks for seed germination and it will only occur in proper water, soil and air temperatures.  Therefore soil amendment is discouraged after turf establishment and during frozen soil conditions.

3. Site development schedule: implementation of soil amendments is limited to a particular time frame, after construction and driveway and sidewalk installation. Soil amendments should be take place during the right season (early spring) and in relation to other landscaping activities. 

4. Soil amendments should not take place at the time where a risk of soil compaction from construction equipment is present. 

5. Soil amendments can take place on existing development, when replacing/modifying existing lawn and it is not time constrained other than season and weather. 

Site Plan Preparation
: Thorough analysis of existing vegetation, topography, soils and any other natural features that may be present and a possible on-site concern. Below is a list of special considerations for site constraints that may exist. 

1. Poorly draining sites or soils: Consider an alternative to planting a lawn as the turf cannot be established on poorly drained soil or where a high water table is present.
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2. Steep slopes: Do not attempt soil amendments on slopes greater than 30%.  Geotextiles or terracing is recommended to minimize potential for erosion.  Slopes greater than 30% should be planted in deep rooted vegetation to aid slope stability. 

3. Tree and shrub roots: A general rule of thumb is to avoid disturbance to the soil within a plant’s drop-line.  If the soil amendments will take place 3 feet of the drop-line the compost should be worked into the upper 3-4 inches of soil to avoid the larger roots

4. Site grading and soil depth: To ensure proper drainage all sites must be graded.  The final desire grade of the soil should range between ½ to 2 inches below elevation of any proposed roads and sidewalks. Note: care must be taken into account for compost settling during the soil amendment process. 

Soil and Site Preparation 30: A thorough analysis of the site constraints as well as pre-amendment soil evaluation including the use of soil surveys, soil borings, and physical and chemical analysis. Criteria to be evaluated are as follows: 

· The use of on-site soils: If there is an adequate amount of organic content already present (at least 5%) then the soil should be stockpiled on-site so as to be re-incorporated back into the amendment process.  Note: topsoil must be stockpiled in an appropriate manner that will not cause it to be washed away to reduce or destroy its organic content and biological properties. 

· The use of excavated soils: This should typically be avoided in the amendment process as it has the potential to import invasive weed problems. However, if the soil consists of deep and high organic content then excavated soils can be used. 

· Turf Installation: Turf can be implemented by hydroseeding (preferred) or sod replacement. Irrigation may be necessary to ensure grass survival therefore only grass mixes that are known to do well locally should be planted. 

Soil Amendment Steps
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1. Initial soil disturbance. This can be performed using a tractor and sometimes a combination with a ripper attachment if the soil is highly compacted

2. Uniformly break-up subsoil. To adequately break-up and prepare the subsoil for amendment uptake the soil may require two passes with a rototiller 

3. Rock removal by means most efficient for you (hand, rake, mechanical equipment) 

4. Distribute imported compost

5. Lime and fertilizer application. Rates of these amendments are determined from the soil analysis. Application is also achieved with compost distribution 

6. Soil integration. Two passes with rototiller may be required to adequately integrate and prepare the subsoil for amendment uptake 

7. Grading and rolling of site. Achieve a uniformly smooth surface prior to turf establishment 

· Maintenance

If left undisturbed, amended soil should continue to provide stormwater management practices such as reduction in peak storm flows and increased infiltration and improved water quality. However, an inspection could be made post construction as part of a sediment control plan for a site
. This is dependent on your area.  The following is a list of requested information for a post-construction inspection:

· Infiltration test

· Site size, volume and depth of soil amended

· Compost type including its maturity rate and parent type

· Components of the compost including nutrients utilized and organic content rating

A routine inspection is recommended for sites that include areas with a potential to affect infiltration capacity, aeration and the organic content
.  Inspection points include:

· Areas subject to compaction (High traffic areas such as footpaths, playing fields) 

· Hydric waterlogged soils (Areas where maximum infiltration capacity has already been received) 

· Poor cover conditions (Areas where cover conditions are far from optimal and vegetation is sparse, or rills and small gullies have started to form 

· Areas with increased development 

· Areas where there is a decrease in organic content 

At times additional support may be necessary once soil amendment is established.  The support will keep the soil amendments and grass growing on them in place and may be required for those implemented on slopes.  Plastic polyethylene has been used to increase capabilities of grass areas to withstand heavy or intensive wear and to help slow down the potential of erosion.  Support structures can be laid on existing grassed areas of seeds can be sown over them.  The polyethylene mesh supports provide a stable surface capable of withstanding higher loads and as plants develop, the grass intertwines with the mesh to provide a completely natural appearance and near permanent protection against wear 33.  Other benefits of support meshes include:

[image: image59.emf]
· Suitable for new and existing areas

· Quick and easy installation with no excavation or pegging 

· Natural grass surface applied onto the top of existing grass surfaces 

· Helps prevent surface erosion through reduced grass wear 

· Provides greater and more even surface drainage 

· Increases load bearing capacity of the lawn

Weed control may also be an issue one might face.  In any open soil area there is a high potential for weed seeds to blow in and dormant weed seeds to sprout.  To counter this shallow tilling (about ½ inch deep) should be performed 2-3 times over the course of a 6 week period during the turf germination period.  Once the turf has been established regular mowing will be a sufficient way to kill weeds. 
​​​​​​​​​______________________________________________________
3.6   Green Roofs: (Difficulty: Difficult Cost: $7 ~ $35/ ft2)
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· What is a green roof?

In the most basic terms, a green roof is a roof intentionally covered in plant material. The planted roof acts as a replacement for the area of eliminated vegetated space as a result of the construction of the structure (1). Upon successful completion, a green roof can provide habitat and/or perform important ecological functions. 

There are two standard types of green roofs: extensive and intensive.


EXTENSIVE





INTENSIVE
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The fundamental characteristic that determines if a green roof is extensive or intensive is the depth of the soil or growing medium. An extensive green roof has a soil depth from two to six inches and can support from 15 to 50 pounds-per-square foot. Soil depth on an intensive green roof ranges from six to twenty-four inches and can support 80 to 150 pounds-per-square foot. 

The plants which are placed in the soil are determined by the soil’s depth. Essentially, extensive green roofs are covered in flatter, more compact low-profile plants. Intensive green roofs can look like anything from a backyard flower garden to a functional park. Due to the Chesapeake Bay Trust’s funding priorities, only extensive green roofs will be evaluated in depth in this chapter. 

· Benefits of green roofs:   

Impervious surfaces such as roofing causes many preventable problems and hinder natural ecosystem services that vegetation provides. Green roofs serve as an ingenious way to amend these issues. Benefits include increased bird habitat, improved air quality, storm water management, reduction in the “Heat Island Effect,” increased roof durability and a reduction in energy costs. 

· Habitat: Extensive green roofs have the potential to create living and breeding space for many birds and invertebrates. Studies in Europe have found endangered beetle and spider species living among roof-top vegetation. Some green roof plans are being developed to specifically address the habitat needs of endangered birds (5). Creating microclimates (a.k.a. varying degrees of plant species, height, saturation, location) on a green roof is shown to increase the biodiversity that is present. 
· Air Quality: Airborne particulates are a major source of respiratory ailments and can contribute to such environmental concerns like smog. According to a study conducted in Canada, 1m2 of simple lawn grass can remove up to 2 kg (4.4 lbs) of airborne particulates annually (1). In a non-vegetated area, such as a city, particulates can number from 10,000 to 12,000 per liter of air. This is compared to 1,000 to 3,000 particles per liter of air on a tree lined street (6). Any form of vegetation, from a patch of grass on a green roof to a young tree can help improve air quality. 
· Stormwater: In a natural ecosystem, 25% of stormwater reaches shallow aquifers and streams, 25% percolates to deep aquifers, 10% is runoff and 40% is returned to the atmosphere through evaporation and transpiration. In a city, nearly 75% of stormwater becomes immediate surface runoff (6). Most storm drains lead directly to nearby rivers, streams, and in Maryland’s case, the Chesapeake Bay. 
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Surface runoff picks up speed as it flushes through uninterrupted and flat street gutters. The momentum that the stormwater collects ultimately leads to the forceful erosion of stream and river banks. Pollutants, litter, and sediment lying in the water’s path is swiftly swept away and into the same streams, rivers and bays. Along with physical materials, the runoff is heated from the hot impervious surfaces and wreaks havoc on aquatic ecosystems upon contact. 

An extensive green roof with about four inches of soil and herbaceous material will retain 75% of the water that lands on it. The remaining 25% will seep off a few hours after the peak flow (6). Other data suggests anywhere from 15% to 90% of surface water will be absorbed on a green roof, but most estimates range from 50% to 75%. 

· Heat Island Effect: The phenomenon called the “Heat Island Effect” occurs in large cities across the globe. The unnatural area covered by impervious and reflective surfaces causes UV radiation to be absorbed and reflected as heat. This results in a difference between the temperature of a city and the temperature of the surrounding rural area (1). It is not uncommon to see a difference of six to eight degrees Fahrenheit (7).                                                                                                                                                                                                      
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There are many problems associated with the “Heat Island Effect.” Increased energy consumption is an obvious side-effect. As the air becomes hotter in the city, more air-conditioning will be used and the units will have to work harder to keep the temperature down. Emissions from the units contribute to further reductions in surrounding air quality.  

The increase in air temperature itself leads to decreased air quality. When sunlight reacts with nitrogen oxides and volatile organic compounds emitted by cars and other polluters, particulate matter and ground-level ozone are formed. This is known as smog. 
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The intensity of smog increases as the temperature increases. For every degree F over 70, the chance of smog is increased by 3%. The health effects of smog can be deadly, but also acute and simply irritating. Children, seniors, and persons with lung problems are usually affected the most (8).

As mentioned before, stormwater that runs off of these hot surfaces is itself heated up. The heated water has a negative impact on aquatic flora and fauna, adding to the stress that these ecosystems are already undergoing. 

· Appropriate Sites: 

Before installing or constructing an extensive green roof on a site, there are certain criteria that must be present. These include weight load capacity, slope, and climate. These are criteria that must work out in order to have a successful green roof project. 

It is important to hire trained professionals to investigate the criteria mentioned. Doing this yourself could result in a deteriorated or caved in roof and potentially harm people inside the building. A great place to start looking for professional services is Google. Search for “green roof contractors/architects/engineers/designers”. It is important to ask for references and conduct some research on the company before handing them a check or credit card. There are lousy and mal-intentioned companies looking to make a quick dollar off of the “green” movement. Many times environmental organizations’ websites will have links to reputable companies. This is also a good avenue to explore. 

The roof must have a weight load capacity of 15-50 pounds-per-square foot (2). It is important that a licensed professional, such as an engineer or architect, is consulted to determine or verify the weight load capacity of the roof. It could be potentially hazardous to install a green roof of any sort on a building that is not fit to withstand the pressure and weight. Usually, but not always, reinforcement is not needed for an extensive green roof. It is also important to determine if any repairs need to be made to the roof prior to installation (9). 

Unless a grid system is installed, a slope between 5 and 25 degrees is ideal for an extensive green roof (10). Gravity will naturally draw rainwater through the soil and eliminate any excess water once it reaches the gutters. 

Green roofs can survive in almost any climate, given that they are planned, installed and maintained properly (11). 
It is very important to investigate the proper permits and requirements for green roof creation and installation. Contacting the Maryland Department of the Environment is a good place to start asking. Every state and even some cities have their own set of standards. Investigation should be done before any official plans for design or installation are made. There is a possibility that a green roof under certain circumstances is not allowed. 

· Design: 

When planning the design of an extensive green roof, many factors must be taken into consideration. The services of selected professionals will be needed. These services include green roof system suppliers, horticulturalists, construction companies, and landscape designers (2). Not all sites will require the help and instruction of each of these professionals. Please note the second paragraph in the section for “Appropriate Sites.”

There are various landscaping companies that are licensed and able to design green roof systems for home and business owners. Various points of interest include the orientation of the roof, the climate, reducing weight when possible, and determining if an irrigation system is needed (9).

· Construction: 

There are specific layers that constitute an extensive green roof. These will be listed from the bottom level up: 

1.) Supporting roof structure (if needed) 

2.) Waterproof membranes/protection board

3.) Insulation

4.) Drainage, aeration, water storage and root barrier system

5.) Growing medium

6.) Plants 
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Many people who chose to install an extensive green roof opt for the usage of a modular system. There are many different varieties of modular systems, but they all follow the same basic idea: the drainage, growing medium and plants are combined within interlocking polyethylene blocks (12).
Numerous benefits to using a modular system exist when creating an extensive green roof. Included are: three layers of the design are combined into one, installation is quicker and more concise, blocks can provide variation with growing medium, soil depth and plant type, the plants are well established when they are placed on the roof, airflow and drainage is increased, and the possibility to adjust and rearrange the blocks is allowed (12).    
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Issues to discuss with a construction company include: timing of installation, machinery or maneuvering required for transporting materials onto the roof and experience with green roof installation. 

· Vegetation:

For an extensive roof the most common plants utilized are sedums, prairie flowers and grasses. These plants are low to the ground, have shallow root systems and are drought tolerant (2). Although it seems like a small selection of vegetation, much variation in color and texture can be found among these plants. 
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Suppliers of green roof supplies and landscape designers will have plenty of knowledge and suggestions as to which plants are aesthetically pleasing and durable for each specific green roof project. 

· Maintenance: 

Maintenance of green roof vegetation is not intensive. It is recommended by many sources that the roof be watered occasionally the first year, especially during times of drought (13). Walk-throughs that check for dying plants and weeds are recommended every few months. Extensive green roofs require very little maintenance after a year or so. 

Some professionals recommend installing a drip-irrigation system for large extensive green roofs. This is something to discuss with a designer.  

· Cost:

The cost of an extensive green roof is averaged to range from $7 to $35 per square foot, depending on the various conditions of your site. Design, permits, services, materials and maintenance all play a role in the final price of your green roof (13, 9).

However, with green roofs the benefits usually always outweigh the cost. The life of your roof can be extended to three times the normal lifespan. This is because of the extreme reduction in contraction of roof materials due to heating and cooling cycles that occur daily. Some studies have shown a 25% reduction in summer cooling energy needs (1). 

· Conclusion: 

Installing a green roof can be a large undertaking. It requires time, money and effort from all parties involved. Some who read about green roofs may not be able to actually create their own full scale version. However, there are still many ways to contribute to the positive effects of green roofs. 

Creating a scale version of a green roof in a highly trafficked area is a wonderful way to demonstrate what a green roof can bring to a community. Examples found online range from outhouses, bird houses, dog houses and garden sheds retrofitted with green roofs. These are great ways to spike interest and curiosity about green roofs. 

Other more in depth displays can be made as well. Some green roofers have created waist high mock-up roofs that are covered half in shingles and half in green roof. Using separate gutters, water can be poured on the roof and then measured after it travels through the gutter into a container. A hands-on demonstration is usually the best method of creating a lasting impression on a passerby. 
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5. http://www.urbanhabitats.org/v04n01/introduction.html 
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3.7   Permeable Pavements 
 
 (Difficulty: Medium Cost: $1 ~$3/ft2)
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What is a permeable pavement and what is the advantage of using it?

Just as in the drinking water treatment process, where pollutant can be filtered, stormwater can also be filtered on its way to surface waters or groundwater. This natural process of pollutant purification is hindered when the land is covered by impervious surface with urban development. Pollutants in rainwater are carried directly to a waterway, and thus contaminate the system. In addition, impervious surface also prevents the rainwater from infiltrating into groundwater and evaporating back to the atmosphere, which will then increase the amount of stormwater runoff during storm events.                    
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Permeable pavement, which is opposite to impervious surface, can be employed to infiltrate runoff and reduce pollutant loading. Pervious pavement bed consists of a porous surface (e.g. porous asphalt, porous concrete, or pervious pavement unit) underlain by a stone bed of uniformly graded and clean-washed course aggregate. The permeable pavement thus has much larger pervious volume than conventional pavement. These extra “pores” serve as natural soil pores and can allow stormwater to infiltrate into the gravel-filled reservoir (where the clean-washed aggregate lies) below the pavement surface. This reservoir acts as a water detention pond and provides a longer time for stormwater to seepage and recharge the groundwater. Also, an overflow control structure is designed in the gravel bed to control peak rate at large rain event, preventing the water level from being higher than the pavement. A layer of geotextile filter fabric lies between the stone bed and the underlying soil mantle, preventing fine materials/particles from getting into the bed and clogging it. During infiltration, pollutants such as fine sediment particles, spilled car oil, heavy metals, pesticides, pathogens would then be captured and filtered by adsorption onto the soil particles. Thus, stormwater runoff reduction and partial pollutants removal is the most important function that a permeable pavement system can provide. Figure 2 provides the basic principle of a simple permeable pavement system.
Table 1 summary of permeable pavement BMP function

	Stormwater Functions
	Water Quality Functions

	Volume Reduction:
	Medium
	Total Suspended Solids Removal
	85%

	Recharge:
	Medium
	Total Phosphorus Removal
	85%

	Peak Rate Control:
	Medium
	Nitrate Removal
	30%

	Water Quality:
	Medium
	
	


· Getting started:
(1) When is a permeable pavement suitable? 

Before deciding to build a permeable pavement system, performing a site evaluation to check whether a permeable pavement system could help reduce stormwater runoff is necessary. The permeable pavement has a relatively high failure rate, thus a careful inspection of the desired site is critical for successful design. 
· Keep away from hotspots
Be sure not to use permeable pavements in “Hotspots”. A hotspot is a place that produces higher concentrations of pollutants than normally are found in urban runoff, such as recycling facilities, fueling stations, industrial storage, feet storage areas, marinas, some outdoor loading facilities, public works yards, hazardous materials generators, vehicle service and maintenance areas, and vehicle and equipment washing and steam cleaning facilities. The runoffs near these hotspots contain extremely high concentration of nitrate, pesticides, polycyclic aromatic hydrocarbons (PAHs), enteroviruses, and heavy metals. A typical permeable pavement will not have enough pollutant removal capacity for these high contaminant loading runoffs. In these cases, the negative impacts of stormwater running off the surface at such sites are less negative than impacts of re-suspending serious pollutants in the soils. 
· Keep away from sources of fine dust
Permeable pavements tend to fail because of pore clogging. In places where traffic volume is high, a construction site is nearby, or sand is applied to the pavement surface, dust and finer particles created by the abrasion or other sources will be flushed into the pavement openings by rainwater. As time goes on, these small particles build up and can block the pores. These “build up” will allow further accumulation of fine particles as the pores are getting smaller and smaller. Ultimately this “new” layer will reduce infiltration ability through the surface openings, and lead essentially to an “impervious” surface. 
· Be aware if your region is extremely cold
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Porous pavement can be applied to a wide range of situations, but the practice might have problems if your site is in cold climates. When the temperature drops very low, the water stored in the basin underneath might freeze. Freezing of water in the base course can cause heaving of the pavement surface because ice has larger volume compared to same amount of water and will exert pressure on the overlying structure. When salts containing chloride is applied as deicing agents, care should be taken because the soil under the pavement has no ability for chloride adsorption and thus the chloride will migrate and contaminate the underground water. At the same time, plowing may also damage the pavements in that the edge of the snow plow blade will abrade the surface, and the dust created by this abrasion will also increase the risk of clogging. 

However, this is not to say that permeable pavements cannot be installed in cold area. If the cold temperature does not last long, or that the frost line is not very deep, some modifications can be applied to prevent frost damage, such as building a thicker base. 
(2) How to design a permeable pavement?

After determining if the region for the project is suitable for installation, start designing the permeable pavements. It’s highly recommended to be well organized before starting the design, such as getting permission from the landowner, determining how the project will be funded, and making a work plan. In addition, a qualified engineer should be employed to provide the design details, because of potential problems noted above. The following section provides you some tips on how to design your permeable pavements. 
· Site selection

Permeable pavements are used mainly in places where traffic volume is small, such as parking lot, walkway, playground, and alley. Sometimes a permeable pavement can be used together with rooftop disconnection in which the roof drainage system connect directly into the basin underneath the pavement. 
Then a site evaluation should be performed to test the water table, infiltration rate of the underlying soil and the soil characteristic. The testing steps include a deep hole observation and infiltration test. The recommended minimum distance between the bottom of an infiltration device and the seasonally high groundwater table is 2~5ft. Soil characteristics are also important for drainage and pollutant removal. A typical permeable pavement site should have soils with a clay content of less than 30%, a silt/clay content of less than 40%, and an infiltration rate of 0.5 inches per hour. 
Last, remember that the permeable pavements should be sited at least 50ft from individual water supply wells, and 100 feet from community or municipal water supply wells, in order to prevent water contamination. Also, it should be placed at least 10 feet down gradient or 100 feet up gradient from building basement foundations, and 50 feet from septic system.  

· Cost consideration 
Typically, the cost of permeable pavements is 10%~60% higher than that of impervious pavements. This extra cost mainly lies in the underneath stone bed and the maintenance (vacuum cleaning to prevent clogging). Although the capital cost for permeable pavements is higher, remember that this could be offset by the reduced need for stormwater pipes, inlets and treatment facilities. Also, with permeable pavement, expect less heat island effect due to the higher evaporation caused by porous surface. Based on the most recent research, a typical range of cost for a permeable pavement system would be $1~$3 per square foot of pavement (while about $0.5/ft2 for impervious pavement). Table 2 shows the estimated cost for different permeable pavement. Note that the cost for different size and different places would be quite different, thus this estimate could only be used as reference. 
Table 2 Estimate Costs for Permeable Pavement
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· Common materials used for permeable pavements
The most common four types of materials used for permeable pavements are summarized in the following table.
	Types
	Materials
	Advantages
	Usage

	Permeable Asphalt
	standard bituminous asphalt in which the fines have been screened and reduced
	same mixing and application equipment used for impervious asphalt
	pedestrian-only areas and for very low-volume, low-speed areas (e.g. overflow parking areas, residential driveways, alleys, and parking stalls)

	Permeable Concrete
	Standard concrete with Larger pea gravel and a lower water-to-cement ratio
	same equipment may be used as for standard concrete; no retention pond or connection to municipal drainage system
	a parking area

	Plastic Grid Systems
	High strength plastic grids are placed in roadway areas
	often made from recycled materials; Better longevity
	Fire Access Roads, overflow parking, occasional use parking (such as at religious facilities and athletic facilities).

	Block Pavers
	aesthetic appeal of brick, stone, or other interlocking paving materials
	Can provide aesthetic appeal
	driveways, entryways, walkways, or terraces
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Infiltration Bed
An infiltration bed is designed to store stormwater and allow infiltration. Typically, it contains two layers. The top layer, a granular capping, is placed under the pavement to help provide a flat surface for paving. Generally, this layer should be about 1~3 inch. 
Then, a sub-base layer (infiltration bed, or stone bed) should be designed to underlie the granular capping. This layer is used for both supporting the upper structure, pollutant filtration, and stormwater storage. The underlying infiltration bed is typically 12-36 inches deep. Sand is not recommended for the materials for this layer. Usually, this layer is comprised of clean (most be washed, this is extremely important for preventing clogging), uniformly graded aggregate, which provides approximately 40% void space. The thickness of this layer should be based on the traffic loads, the stormwater storage requirement and sometimes the frost line (cold region). Generally, infiltration beds are sized for storm water runoff volume produced in the tributary watershed by the 6-month, 24-hour duration storm event. Also, the drainage time should be designed within 12~72 hours (24 hr recommended). Last, a layer of geotextile filter fabric should be placed between the sub-base layer and the nature soils to prevent the aggregate from the underlying soil migrating to the stone bed and then clogs the bed, and provide homogenize infiltration flow. Also, this layer can help retain the heavy metal in stormwater (However, some guidelines recommend not using this geotextile layer if the soil infiltration rate is very low). 
Both layers should be placed on a slope less than 5%. If you build a permeable pavement on a steep place, there will be inadequate drainage since the stormwater goes faster. And this higher stormwater flow rate will increase the risk of pavement surface erosion, which will then decrease the longevity of the system. A permeable pavement system on a steep slope, a parking lot will require benching or terracing parking bays to keep each level at a slope of less than 5% (to lower cost, you can terrace the parking bays along existing contours). 
· Overflow structure
The sub-base layer should be designed with an overflow system which directs the flow into the storm sewer or drainage. This can prevent the water in the stone bed from rising to the level of the pavement surface during large storm events. Inlet boxes can be used for cost-effective overflow structures. In the inlet of the overflow pipe, a steel screen should be installed to prevent coarse material flushing into the municipal storm drainage system. Then optionally, a perforated pipe along the bottom of the stone bed may be set up to evenly distribute runoff and prevent ponding in the bottom. The perforated pipes should then be connected to the overflow structure.
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· Backup system
There will be moments when your permeable pavement is not permeable; for instance, when it’s clogged. For these situations, the pervious pavement should have a backup method to let stormwater to enter the stone storage bed. This backup system consists of stone edge drain connected directly to the sub-base layer. This stone edge should not be too wide (typically 1-2ft) otherwise this might exceed the storage capacity of the sub-base layer when there is a big storm event.
 [image: image41.jpg] veriacks
PN nTo
RECHARGE B0

Fig 7 Stone edge backup cunca: ok more
fetay
system

s VO SoAcE




· Pretreatment
Recall that a permeable pavement system is not recommended in hotspots because of the high risk of groundwater contaminations. But sometimes permeable pavement will be built in places where pollutant amount would be relatively high, such as parking lot where petroleum leaks from cars. If the permeable pavement system is in such a place, pretreatment is required. You may choose a bioretention swale or other filtering system to filter the pollutant before the storm runoff come into the sub-base reservoir. 
· Permit from local agency
Before looking for a contractor, a permit from the local government is needed. To obtain the permit, the permeable pavement system should meet the stormwater management requirement, such as water quality volume, recharge volume requirement. For further information about the volume reduction calculation and requirement in Maryland, please consult with Maryland Department of Environment, or refer to the Maryland Stormwater Design Manual, Volumes I & II, Oct. 2000
[image: image67.jpg]



· How to ensure a successful construction?

After your permeable pavements have been designed and permitted, carry out the pavement construction. This section will provide some manufacturer information and how to ensure proper construction.
· Construction Consideration
Before construction, consider whether the area in which to install a permeable pavement system is a newly developed area. If it is, make sure the pavement system (also other infiltration systems!) is installed at the end of the construction period. Because permeable pavement is sensitive to clogging, if there is other construction going on near an installed permeable pavement, the fine dust that created from other sites will lower the permeability of the sub-base layer. The area for the sub-base basin could be excavated a few inches deep and used as temporary sediment basins for other construction projects that are undergoing. After other construction sites are stable, then the basin could be excavated to its final designed depth. 
The first component being constructed would be the subgrade under the bed areas. This layer should never be compacted by construction equipment (such as heavy truck or roller). This is extremely important because this will decrease the porosity and weaken the infiltration ability. 
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After the subgrade is prepared, the geotextile and sub-base aggregate   should be placed immediately in order to prevent other sources of fine silt and clay contamination. Adjacent strips of geotextile should overlap for at least 16 in., and at least 4ft outside of the sub-base bed in order to prevent soils migration from underlying and side. This 4ft extended geotextile strip can be cut after the constructed site is fully           stable by vegetation. 
Next goes the placement of washed and uniformly graded aggregate (figure 7). Each layer (8ft for each) should be lightly compacted by a light roller. Then a 1~3in of granular capping should be installed uniformly for the later paving. After the paving is finished, the permeable pavement is done. 
· How to evaluate the permeable pavement?
A Double Ring Infiltrometer tests could be used to test the infiltration rate for your permeable pavement. Another relatively simple qualitative test would be pouring at least 5 gallon per minute water on the surface and observing the degree of infiltration. The infiltration can be graded as good, medium and poor. For example, a good one would be no puddle formation or surface runoff, for instance. The test results should be recorded each time for further investigation. 

· Maintenance
Once a successful permeable pavement have been constructed, you must maintain its performance and longevity. The primary goal of pervious pavement maintenance is to prevent the clogging. To keep the system clean throughout the year and prolong its life span, you should:
· Vacuumed the stone bed and all inlet structures biannually with vacuum sweeping. Do not use power washing because it tends to push sediments into the bed rather than remove them out. 
· A planted area is recommended for the adjacent area to help reduce fine dust created by traffic abrasion, and provide aesthetic view, but it should be well maintained. If eroded area is observed, it should be replanted immediately because the soils after planted become finer due to the vegetation activity.
· Prevent heavy vehicles from using the permeable pavement. The heavy vehicles will compact the sub-base and abrade the pavement surface. A sign noting the extent of permeable pavements should be set up.
· For cold temperature region, abrasive equipment such as snow plow should not be used frequently on permeable pavement. Also, try to use alternative deicing agent rather than sodium chloride (NaCl) if groundwater issues with sodium chloride are raised. Calcium or magnesium acetate would be a good choice. 
· Examples of successfully constructed permeable pavements
Successful Example 1
Villanova University, PA. Porous asphalt (right) and porous concrete (left)
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Successful Example 2
Permeable Concrete Parking Lot, Kinston, NC, 2006
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Successful Example 3
At 265,000 sf (24,620 m2), U.S. Cellular Field boasts the largest permeable interlocking concrete pavement in the United States


Successful Example 4
Parking solution utilizing permeable Drivable Grass at Back Creek Nature Park: Annapolis, MD
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CBT
Reference and other sources for permeable pavement design

· Maryland Department of Environment, Maryland Stormwater Design Manual,  Volumes I & II, Oct. 2000. (http://www.mde.state.md.us/Programs/WaterPrograms/SedimentandStormwater/stormwater_design/index.asp)
· Pennsylvania Department of Environmental Protection, Pennsylvania Stormwater Management Manual(363-0300-002), Dec. 2006 

(http://www.depweb.state.pa.us/watershedmgmt/cwp/view.asp?a=1437&q=529063&wa

tershedmgmtNav=|)
· Southeast Michigan Council of Governments, Low Impact Development Manual for Michigan: A Design Guide for Implementers and Reviewers, 2008
 (http://www.swmpc.org/MI_LID_manual.asp)
· US EPA, Field Evaluation of Permeable Pavements for Stormwater Management, EPA-841-B-00-005B, Oct.2000 (http://www.epa.gov/owow/nps/pavements.pdf)
· Toronto and Region Conservation Authority, Performance Evaluation of Permeable Pavement and a Bioretention Swale- Seneca College, King City, Ontario, Mar. 2006 (http://www.icpi.org/myproject/Seneca%20College%20TRCA%202006%20report.pdf)
· US EPA, Stormwater Technology Factsheet: Porous Pavement, EPA 832-F-99-023, Sep. 1999  (www.epa.gov/npdes/pubs/porouspa.pdf)
· California Stormwater Quality Association, California Stormwater BMP Handbook, Jan. 2003
· ToolBase Services (http://www.toolbase.org/)
· Andersen, C.T, Foster, I.D.L., and Pratt, C.J. (1999). Role of urban surfaces (permeable pavements) in regulating drainage and evaporation: Development of a laboratory simulation experiment. Hydrological Processes 13(4): 597.

· Brattebo, B. O., and Booth, D. B. (2003). Long-term stormwater quantity and quality performance of permeable pavement systems. Water Research 37(18): 4369-4376.
· C Dierkes, L Kuhlmann, J Kandasamy, G Angelis (2002), Pollution retention capability and maintenance of permeable pavements. Proc. 9th Int. Conf. on Urban Drainage, Global Solutions for Urban Drainage. Eds. E. W. Strecker and W.C. Huber, Portland, Oregon, USA.
· Miklas Scholz, Piotr Grabowiecki(2007), Review of permeable pavement systems Building and Environment 42(11): 3830-3836 

· M. Legret, V. Colandini, C. Le Marc, Effects of a porous pavement with reservoir structure on the quality of runoff water and soil, The Science of the Total Environment, 189/190 (1996): 335-340
Appendix 
Infiltration test 

Step 1: Place a 6 inch ring in the ground and use your fingers to gently firm the soil surface only around the inside ring edges.

Step 2:  Line the soil surface inside the ring with a sheet of plastic wrap to completely cover the soil and ring

Step 3: fill plastic bottle with 444 mL with distilled water and pour into the ring 

Step 4: Remove plastic wrap leaving water in the ring and record the amount of time it takes for 1” of water to infiltrate the soil. Stop timing when surface is glistening 
Glossary 
Infiltration rate: A soil characteristic determining or describing the maximum rate at which water can enter the soil under specific conditions, including the presence of excess water.

Drawdown: The vertical distance groundwater elevation is lowered, due to removal of ground water. 

Sewer standpipe: the physical link between the main sewer line and the downpipes 
Soakage trench:  excavated trenches wrapped in geotextile and filled with coarse stone that receive runoff via pipes and store it in the rock voids until it is able to infiltrate into surrounding soils.  
Soil compaction: physical degradation resulting in densification and distortion of the soil where biological activity, porosity, and permeability are reduced, strength is increased and soil structure partly destroyed

Water Quality treatment: Process for enhancing the quality of water so that it meets the water quality criteria for its fitness for the intended use. 












Fig 6 Overflow Structure and sub-base structure














Fig 10 Double Ring Infiltrometer
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