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Presenter
Presentation Notes
Previous slides provide some background for the rationale behind connecting what happens on land with what happens to water. 

Next, I’ll be presenting some stormwater management principles that are the foundation of all the specific techniques that we’ll be learning about, as well as principles that you can apply in your work whether or not you are installing any particular landscape feature. 

We recognize that you may already be doing this in your work and thank you for that!!




Principles for Landscaping for Water Quality 
Benefits

1. STOP the sources of water pollutants

2. INFILTRATE runoff into the ground

3. FILTER pollutants from runoff with plants and soil 
microbes



1. STOP the Source



For example:

Avoid 
introducing 
what’s not 
needed.  



2. Promote INfiltration

Presenter
Presentation Notes
Promote INFILTRATION by allowing  water to flow into the soil subsurface and deep into ground water instead of flowing into over-burdened municipal pipes and across  pavement into surface waters. Infiltration into ground water is particularly important for drinking water recharge of wells and for maintaining minimum stream flow levels. 




3. Promote FILTRATION

Presenter
Presentation Notes

Promote FILTRATION . Filtration  refers to the biogeochemical filtering  of water by healthy plants and soils. Plants remove nutrients and slow the flow of water to catch sediments . Microbes living in healthy soils are able to biochemically process some contaminants into less harmful compounds. 

Leaves slow down the velocity and reduce the forces from rain drops.
Stems and leaves slow down water flow and catch sediments mechanically.
Roots, soils and microbes together provide biochemical processes.


The strategies we will review in the next section are all based on the three concepts we just covered. 



Nitrogen Cycle

Presenter
Presentation Notes
Nitrogen Cycle
Overview
Nitrogen is a component of proteins and nucleic acids and so a supply of nitrogen is essential to all living things
Nitrogen is available to living things in a variety of forms, the source used depending on the species:
Heterotrophs (such as animals) can only use organic nitrogen i.e. nitrogen already incorporated into organic molecules
Plants use the inorganic nitrogen-containing ions nitrate (NO3-) and ammonium (NH4+)
Some bacteria are able to use atmospheric nitrogen (N2 gas) as a nitrogen supply
Other bacteria are involved in the interconversion of the inorganic nitrogen ions; ammonium, nitrite (NO2-) and nitrate
Some bacteria and fungi decompose dead organisms converting organic nitrogen to inorganic nitrogen in the process
The movement of nitrogen between different groups of organisms and between the different molecular types is known as the nitrogen cycle
The Players and their roles
A number of different groups of organism play important roles in the nitrogen cycle. These include:
Nitrogen-fixing bacteria. 
These fix atmospheric nitrogen gas (N2) to ammonia (NH3) in a reduction reaction.
The equation for this reaction is: N2 + 3H2 ----> 2NH3
Some nitrogen-fixing bacteria are free-living in the soil e.g. Azotobacter
Some, e.g. Rhizobium, form a mutualistic (symbiotic) relationship with legumes (peas, beans, clover etc. These are members of the Papilionaceae) in which the bacteria live in nodules on the plant's roots. The bacteria provide the plant with fixed nitrogen, the plant provide the bacteria with carbohydrates. More details of this relationship is available on this site here. The diagram below shows root nodules in a member of the Papilionaceae
 
Image from http://database.sunsite.ualberta.ca/pls/biod1/ditrl.display.detail?p_mno=135
Decomposers
These are bacteria and fungi that decompose dead animals and plants and, in the process, convert their organic nitrogen (that found in proteins and nucleic acids) into inorganic ammonium (NH4+)
Nitrifying Bacteria
These are bacteria that interconvert inorganic nitrogen molecules:
Nitrosomonas converts ammonium (NH4+) into nitrites (NO2-)
Nitrobacter converts nitrites (NO2-) into nitrates (NO3-)
Collectively these processes are known as nitrification
Nitrification only occurs when the soil conditions are appropriate i.e. not waterlogged, too cold or too acidic. If the soil conditions are not appropriate ammonium accumulates
Denitrifying Bacteria
These are bacteria that convert nitrates (NO3-) to nitrites (NO2-) and then to nitrogen gas (N2)
These bacteria thus bring about the conversion of inorganic nitrogen into atmospheric nitrogen; a process known as denitrification
The denitrifying bacteria include:
Pseudomonas
Thiobacillus 
These are anaerobic bacteria so denitrification only occurs under anaerobic conditions (e.g. when the soil is waterlogged. (Hence the importance of wetland systems for water quality.)
 
Some physical processes also have a role in the cycle:
Lightning: the high energy available from lightning is sufficient to fix atmospheric nitrogen to nitrates
The Haber-Bosch process : this is an entirely artificial process that is used in the manufacture of ammonium for fertilizer - but since it contributes  to the total fixation of atmospheric nitrogen it is often included
Leaching : the loss of nitrates from the soil as a result of heavy rain fall. Nitrates leach into bodies of water (e.g. lakes) enriching them and making them more fertile. This process is known as eutrophication. 
 




Review

1. STOP the sources of water pollutants

2. INFILTRATE runoff into the ground

3. FILTER pollutants from runoff with plants and 
soil microbes



Pop Quiz!















What’s a Landscaper to Do?

Presenter
Presentation Notes
Whether you typically work on residential and small scale commercial properties or with engineered systems for large scale properties, the basic principles stand, regardless of scale.

Scale may, however, change the stormwater management strategy or technique that will be most effective and best suited.  



Can Working at the Property 
Scale Make a Difference?

Roads & 
Highways

Commercial

Residential

Presenter
Presentation Notes
There are many regulator programs that manage the larger sources of runoff and stormwater pollution. 
Roads and highways, commercial development, and even large subdivisions must comply with permits including stormwater considerations. 

But single lot residential properties, which make up a huge percentage of developed land in our communities, go essentially unregulated because they are below the permit thresholds. 
A single property alone isn’t going to pollute a waterbody, but the runoff from hundreds of residential properties could.



Opportunities for Communities
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Opportunities for Communities and Individuals
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Graphic by Tricia Miller, MillerWorks Graphic Design

Living Landscapes

Presenter
Presentation Notes
Let’s see how the principles get applied at different scales. You may notice that it’s all about trying to mimic how natural systems function even in “unnatural” places. 




Land Conservation and Stormwater

Slide series from Amanda Stone, UNH Cooperative Extension

Presenter
Presentation Notes
Concerns about rapid growth & its consequences: 
	- Habitat loss & degradation
	- Water quality & quantity impacts
	- Economic impacts to communities
Love of the land
Conservation ethics
Estate planning
Financial incentives



Land Conservation = Permanent Land Protection



Primary Benefits of Land Protection

• Keeps natural systems intact

• Reduces flooding – provides infiltration 

• Protects water quality  - provides filtration

As well as other social and economic benefits

Presenter
Presentation Notes
Land Conservation is considered the most effective and efficient way to protect water quality and quantity.



NH’s Changing Landscape, SPNHF , 2011

Projected Population Increase

Presenter
Presentation Notes
You can see that there is a projected population increase of about 180 K people over 20 years in the state of NH. This is a concern for water quality because population increases typically result in increasing rates of development and impervious cover in areas that are not already built out. You can also see where that increase is anticipated to occur  - in the south and southeastern parts of the state.

Data from this coastal area are also showing that rates of impervious cover per person are increasing as well. 

Location of population increases pose challenges for coastal watershed waters.  



How is Land Conservation Carried Out?

Conservation Easement Definition

Voluntary legal agreement between a landowner 
and conservation organization (easement holder) 
that permanently limits certain uses of the land in 

order to protect conservation values

Presenter
Presentation Notes
When we use the term “land conservation”, we are talking about permanent land conservation which is usually carried out through the use of conservation easement which is a voluntary agreement between a landowner and an easement holder to limit certain uses of the land. 



List of NH Land Trusts 
and Conservation 

Groups:

nhltc.org

Usually Involves a 
Land Trust
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Clean Water Strategies

Graphic by Tricia Miller, MillerWorks Graphic Design

Living Landscapes



Riparian Buffers

Vegetated areas along 
the shores of surfaces 
waters and wetlands

Transition between 
upland and water

Protect a waterbody 
from adjacent land use

Presenter
Presentation Notes
Vegetated areas along the shores of surfaces waters and wetlands



Primary Benefits of 
Riparian Buffers

Reduce flooding

Protect water quality

Stabilize banks

Presenter
Presentation Notes
Reduce flooding, eg.
by encouraging infiltration.
By providing natural floodplains.
Protect water quality, e.g.
Stabilizing banks; decreasing erosion and sedimentation
Slowing the flow of runoff into surface waters, allowing infiltration
Protecting thermal regimes
Protecting ecological cycles

Jp modified
 




Buffers can be naturally present OR 
planted and maintained



Buffer Widths Affect Benefits

As displayed in  
Piscataqua Region 
Estuaries Partnership 
Assessment Report



Clean Water Strategies – Living Landscapes
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Living Landscapes

Graphic by Tricia Miller, MillerWorks Graphic Design



Living Landscapes

Image source - http://lindenlandgroup.com/blog

Presenter
Presentation Notes
Protecting or enhancing functioning natural areas on a property



Clean Water Strategies
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Living Landscapes



What’s Entering the Stormdrain?
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Not All Impervious Cover is Created Equal 
View from Above

Total IC= 
• ALL impervious cover within a 

catchment area

Effective IC =
• Portion of area where 

stormwater is “effectively” 
transported directly to a 
stream channel or 
stormwater pipe 
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Presenter
Presentation Notes
Effective vs. total imperviousness 
The effects of urbanization on stream ecosystems are largely driven by impervious cover. There are two general ways to quantify impervious cover:

Total impervious area (TIA) = all impervious area in catchment
Effective impervious area (EIA) = impervious area in catchment that is directly connected to stream channels (i.e., precipitation falling on that area is effectively transported to the stream)




Strategy: Limit or Disconnect
Impervious Cover
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Presenter
Presentation Notes
Avoid constructing it by maintaining natural landscapes
Reduce dimensions of paved surfaces
Promote diffusion of water over green areas
Disconnecting IC from stormwater systems
Concentrate development to allow for more natural lands
Use porous pavements where hardscapes are necessary



Clean Water Strategies
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Graphic by Tricia Miller, MillerWorks Graphic Design

Living Landscapes
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What’s a Landscaper to Do?

Courtesy of UCONN Cooperative Extension



Does Low Impact Development Work?

Research Field Facility at UNH
Tc ~ 19 minutes

Watershed 
Boundary

Tree
Filter

Porous
Asphalt

Bioretention
Retrofit

UNHSC 
Research 
Facility
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Presentation Notes
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Hydrodynamic Separator Subsurface Infiltration
Filter Unit

Porous Asphalt
Retention Pond Stone Swale

Gravel Wetland Sand Filter Bioretention Unit Tree Filter

Pervious Concrete

Isolator Row

Veg Swale
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Total Suspended Solids (TSS) Removal Efficiencies
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“High level treatment typically only 
occurs with the use of 
filtration systems”:

Eg. raingardens, bioretention, tree filters, 
bioswales, gravel wetlands

51



Preserve Effectiveness with Maintenance

Presenter
Presentation Notes
ALL stormwater treatments (conventional and innovative) need to be maintained. 

Some systems are formally monitored for effectiveness. Informal monitoring can be conducted by observing what happens to installations during storms. 

Where formal monitoring is being done, the effectiveness data are used to develop models that can help predict reductions in pollutant loads based on the stormwater treatments installed. 



THANK YOU!
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