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This PowerPoint is divided into three parts. 
Part One: Maryland waterways and watersheds
Part Two: Land use, How infiltration, runoff, and water quality differ in different landscapes
Part Three: Best Management Practices and Stormwater Solutions, Enough of the Bad Stuff! What can we do to protect our streams?



 
Part One 

 
Introduction to Maryland Waterways 

and Watersheds 
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Maryland’s Treasures 
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How many of you have visited these streams and rivers or ones that looked like them?
Do any of you have a stream similar to one of these streams in your neighborhood? 

Some of Maryland’s greatest natural resources are our freshwater streams and rivers.  With more than 15,000 miles of  freshwater streams in Maryland, almost all Marylanders live within 15 minutes of a freshwater stream. *  Ultimately, each  of these streams feeds into the Chesapeake Bay. 

Our streams and rivers are sources of inspiration , recreation and food for people and habitat for wildlife. Without rivers we would have no water to drink or fish to eat. 

Right top:  Great Falls viewed from the Maryland side of the Potomac River
Bottom Left:  The Patuxent River Park at Jug Bay in Prince George’s County, the largest tributary of the Chesapeake Bay that totally lies within Maryland. 
Bottom Right: a typical slow-moving stream in the flat coastal plains.


*Sources: There are 9,203 miles of wadeable, mostly perennial streams in Maryland comprising 16,300 acres, as well as an equal or greater number of smaller and intermittent streams. http://www.dnr.maryland.gov/streams/R3ReportIntro.asp



Maryland’s “Other” Waterways 
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Oil, toxins and road salt 

Channelization Erosion and Sedimentation 
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Unfortunately, many rivers in Maryland have been treated as dumping grounds.  

How many of you have seen streams like this near where you live?
For those of us who live in urban areas, our neighborhood streams might look more like these streams than the ones on the preceding slide. 

Top Left Photo:  Look at the color of the water in this picture – not the color we expect water to be, is it?   It is gray from oils, grease, dirt, antifreeze  and road salt from our streets and parking areas.  This stream probably also includes fertilizers and pesticides from our lawns and gardens.  When it rains, all of these chemicals, dirt, and trash  run off our streets, roofs, and yards and are eventually carried  into our streams.

Top Right Photo:  Look at the orange water in this picture.  This stream is near a coal mine. 
Younger Students: The minerals and chemicals in coal rubble have interacted with the water in the ground  or the stream to make  an acid.  We can this acid mine drainage.  Think of vinegar – can you imagine fish living  in it or people getting their drinking water from it?
Older students:  This orange cocktail occurs around abandoned coal mines. Think of battery acid with toxic heavy metals thrown in.  This acid mine drainage forms when rainwater, snowmelt, streams or and shallow subsurface water comes in contact with coal mine rubble containing sulfur-bearing minerals.*  The water and sulfur react chemically and form sulfuric acid.  Can you imagine fish living it acidic water or people getting their drinking water from it? 
Bottom Left Photo:  This stream doesn’t even resemble a stream anymore. Running through an urban neighborhood, this stream probably flooded during heavy rainstorms. To solve flooding, high walls were built around the stream to contain it and to quickly channel the water away.  Now, when it rains, the water comes rushing off the streets and parking lots, down through storm drains directly into this channel.  Channelizing a stream like this solves flooding, but it leaves no place for fish or other animals to live, and, as we will learn, it creates other problems.
Bottom Right Photo: This is about a mile downstream from the last picture.  So much water rushes through the  narrow channel upstream narrow, that it erodes these banks.  You can see how the soil is bare on the banks and how the stream bottom and stream is filled with sediments (or soil, small rocks, and organic material).
*Acid mine drainage: Additionally, heavy metals can be leached from rocks that come in contact with the acid. The resulting fluids can be highly toxic and, when mixed with groundwater, surface water and soil, may have harmful effects on humans, animals and plants.  http://water.epa.gov/polwaste/nps/acid_mine.cfm






Troubled waters… 
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 46% of Maryland’s Streams are in “Poor” Condition. 
 Only  12% are in “Good” Condition 
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As of 1999, the Department of Natural Resources in Maryland reported that 46% of the stream miles in MD are in poor condition, based on survey of the fish and benthic populations; only 12% of stream miles are in good conditions, and 42% are in fair condition. 

DNR assessments show even worse results for the physical habitat of the streams.  Only 20% of all stream miles in Maryland have good physical habitat quality; 52% are in poor condition. A stream ecosystem cannot maintain good water quality without good surrounding and interior physical  attributes.

Today, we are going to talk  more about the reasons our streams look like this and what you and I can do about it.



Information from stream surveys conducted by the Maryland Biological Stream Survey since 19995. http://www.epa.gov/emap/remap/html/docs/mbsssInt.PDF




Good Health, Poor Health ―  
what does it mean? 
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We have a good idea of what it means for humans to be in good shape.  What does it mean for a river?



Healthy streams have… 

 Plants & trees 
growing along bank 

 Diverse habitats 

 Chemical and 
physical properties 
acceptable for 
aquatic life 

Safe water for 
human recreation 

Photos: 10, 11, 12, 13, 14, 15, 16 
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Just as we can’t tell if a person if healthy by looking at a picture, we can’t know a stream’s condition without monitoring aspects of the river and the banks and area next to the stream, the riparian zone. What are some of the plusses this stream has going for it?

For a starter, this stream has plants and trees growing along the riparian area.  Because the trees shade the river in summer, the water probably does not get too hot for fish.  Additionally, the roots of the plants and trees help keep the banks from eroding  when the river is moving fast and high after a rain storm. 

It  also is amazing how many different types of habitats this stream has for many different  types of animals – in the moist soil and plants along the shore, under the logs on its banks, in the trees, and in different parts of the stream itself.  This includes:

Riffles (areas with gravel on the bottom, where the water moves faster) – many insects live out their juvenile (young) stages, when they are larvae, attached to gravel, pebbles, and rocks, waiting for a small piece of decayed leaf or smaller insect larva to snare for lunch. 
Some types fish species hang out in fast gliding water, while other kinds of fish, especially  young or small ones prefer to hide in calmer pools and under banks with tree roots. 
Even leaves and logs in the water provide habitat for insect larvae that digest the decaying material.  

Chemical  and physical properties of water also are part of a critter’s habitat. 
Likely, this water has enough oxygen.  As the stream surface breaks over the riffle, it captures oxygen from the air (is oxygenated).  Additionally, since the stream is clear, sunlight can reach small plants and algae that might be growing on the bottom. These also produce oxygen during photosynthesis.
We already mentioned another physical property that is key for aquatic life -- temperature.  Fish, insect and salamanders are cold-blooded and cannot tolerate temperature extremes.  Sensitive species like our brook trout must live in cool water.  Other species cannot reproduce when the water is too warm.

LOOK, THEY WERE THERE HIDING ALL THE TIME.  WITH ALL THESE DIFFERENT TYPES OF ANIMALS, IT IS LIKELY THIS STREAM REALLY IS IN GOOD SHAPE.  THE ONLY THING MISSING IS US!





 
What makes an “unhealthy” stream?  
 
 Good Streams              Versus       Poor Streams 

• Plants along bank 
• Diverse habitats 
• Chemical properties 

acceptable for aquatic life 
• Safe for human recreation 

• Lack habitats 
• Are polluted  
• Lack trees, plants, and shade 
• Unsafe for public use 
• Filled with trash and sewage 

10,17, 18 
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So what do we mean by “poor” streams?

How do the streams in the middle and right compare for habitat?
The two urban-area streams have been straightened into channels to protect against flooding. They have --
 Little habitat; 
 The one in the middle has no shade, so has elevated water temperatures. 
 They also transport sediment, nutrients, and pollutants downriver more rapidly than streams with natural meandering channels, natural bottom surfaces, and plants that trap sediment and use the nutrients. 


Other Facts: 
The Maryland Dept. of Natural Resources surveys our streams. Their research shows that only 20% of the stream miles in Maryland have good habitat.
About 17% of all stream miles statewide are channelized.
Source: From the Mountains to the Sea…




Why it matters… 
 
• Main source for 

drinking water 
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All of our water -- whether it comes from a reservoir, a well, or even a bottle -- is affected by how people use the land through which the water flowed. The more polluted our streams, lakes, and groundwater are, the harder and more expensive it is to treat.

Another fact: Freshwater is the source of all drinking water, yet only 3% of all the water on earth is fresh water. Less than 1% is freshwater that can be used for drinking and other purposes.




Why it matters… 

• Lowers the beauty of 
a stream 

 
• Deters swimming, 

wading, boating… 
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When rivers, lakes, or the Chesapeake Bay are contaminated by animal waste, sewage spills and overflows, or stormwater runoff, swimmers can become sick if they swallow the water, or it gets into a cut. Symptoms include diarrhea. For more information, see: Centers for Disease Control and Prevention.

More serious illnesses also result from pollution.  Vibrio vulnificus has been seen on the rise in the Chesapeake Bay region, particularly during unusually hot months. For more information on this disease: see http://www.chesapeakebay.net/blog/post/five_facts_about_vibrio



• Pollution affects our 
food supply 

Why it matters… 
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During rainstorms, pollutants wash into our streams from many sources .  To name a few --
Mercury from power plant  smoke stacks; 
Feed for cattle that contains hormones to make them grow bigger faster 
Pesticides that farmers and homeowners put on crops and plants to kill insects,
Compounds used in manufacturing and industry (PCBs).  These chemicals are linked with various cancers, and when we eat animals containing them, the chemicals stay and build up in our bodies the more we ingest them (called bioaccumulation). 

Due to cancer-causing compounds found in the fish, Maryland advises people not to eat eel, channel catfish, common carp, yellow perch and white catfish from sections of our large urban rivers, including  the Anacostia, Potomac, Gunpowder, and Patapsco Rivers.

PHOTOS:  Bullhead Catfish in our urban rivers have high rates of skin and liver cancer. The highest incidence of skin cancer tumors are in the South River near Annapolis. The liver tumor rate is highest in the Anacostia River. U.S. Fish and Wildlife Service scientists have linked the tumors with chemicals known as polynuclear aromatic hydrocarbons, or PAHs. These come from petroleum, coal and other fossil fuels that enter rivers through water runoff.  They build up in sediments where bullheads live. http://www.fws.gov/chesapeakebay/pdf/SouthRiverFS.pdf
And http://www.mde.state.md.us/programs/Marylander/CitizensInfoCenterHome/Documents/www.mde.state.md.us/assets/document/Maryland%20Fish%20Advisories%202011.pdf


MORE FACTS: Intersex smallmouth and largemouth bass (in which the fish unnaturally possess both female and male characteristics) have been found in alarming proportions in rivers in the Potomac River and Susquehanna River basins. Years of research points to multiple environmental pollutants, including the agricultural herbicide (atrazine) and pesticide (trans-Nonachlor), wastewater treatment plants, and hormone-disrupting chemicals.   

http://www.wtop.com/41/3323302/Herbicides-likely-source-of-growing-intersex-fish-problem-Video
http://www.fws.gov/chesapeakebay/pdf/endocrine.pdf
And
http://download.springer.com/static/pdf/139/art%253A10.1007%252Fs10661-014-3868-5.pdf?auth66=1426269995_91672f78b83936a48ea5fd58cd0b0a34&ext=.pdf






Why it matters…. 

Photos: 24,25, 26 
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To protect and 
restore water quality, 
we need a 
watershed 
perspective. 

 
Protecting Our 
Water Resources 
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We can’t think about cleaning up and protecting our streams and the animals that live in them -- or the Chesapeake Bay -- without understanding watersheds. 

Historically, water use and water quality has been managed by towns, counties, and states, or countries. However, water flow doesn’t follow political boundaries.  





So what is a watershed? 
Watershed:  An 
area of land where 
the water drains 
into a common 
source, such as a 
stream, pond, or 
bay  
 
A watershed 
perspective 
looks at how our 
land use affects 
our waterways. 
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The boundary or outline of the watershed is called a watershed divide.  The divide is higher than the rest of the watershed, like the rim of a bowl.  Precipitation falling within this boundary will move towards the streams and bay.  Rain falling on the other side of the rim will run towards the lowest point on those watersheds.

Questions for your students:

If it rained on this watershed, where would the water go?
To the lowest point.  Water always travels down slope to the lowest point.  In this case it would end up in the bay at this picture.

What land uses might affect water quality in this diagram?  
All of them! But not all in the same ways.  We will be learning more about this in the coming slides.

What might the water carry with it when it travels from one part of the watershed to a river?
Because water molecules are polar and great solvents, they attract and carry chemicals, such as the chloride from road salt and nitrates from fertilizers.  And because of the power of water, runoff also carries sediment and trash into our rivers.  These are just couple examples….





Our Chesapeake Bay Watershed 

• Maryland is nested in 
one of largest 
watersheds on the 
East Coast, the 
Chesapeake Bay 
drainage basin. 

 
• What other states are 

part of the 
Chesapeake Bay 
Watershed? 
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The Chesapeake Bay is a huge watershed.  It includes 6 states and District of Columbia.  Runoff from all these areas affects the quality of water downstream and in the Chesapeake Bay, so all the jurisdictions have to participate and cooperate in protecting and improving the water quality of the Bay.  

Students can:
Call out the names of the states
Discuss which areas of the watershed are the highest (the boundary or watershed divide)
Discuss what land feature  that makes the watershed divide  to the west  (the Appalachian mountains)
Which direction the rivers flow.



Watersheds 
within 
watersheds 
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http://www.anacostiaws.or
g/explore/maps 
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These are the major watersheds within Maryland.  Point the curser around the outlines of the watersheds.  The outlines of the watershed are called a watershed divide, because these areas of higher, like the rim of a bowl, that the surrounding land.  Think of this divide as a ridge with one side sloping into the (blue) watershed and the other side sloping into the (green watershed).  All the rain that fall of the green side will flow directly into the Anacostia River or to a stream that, sooner or later, flows into the Anacostia River. of the f this watershed divide explain that
Show where D.C. is, the Potomac River and Anacostia River, and the Chesapeake Bay are. 
Where is your school located?  So what river would rain water flow to?

We will mention mapping resources at end of activities.

http://www.anacostiaws.org/explore/maps�


True or False?   
 

• A watershed only includes the land surface. 
▫ FALSE 

• A watershed is a building for holding run-off water after 
a rainstorm. 
▫ FALSE 

• The way land is used in a watershed affects water quality. 
▫ TRUE 

• Everyone lives in a watershed.  
▫ TRUE 

• Watersheds are drawn on maps according to political 
jurisdictions. 
▫ FALSE 

• Some watersheds are hilly; others are relatively flat.  
▫ TRUE 
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Studies have shown that most adults cannot define a watershed….. Let’s check your understanding.



Solar Energy 
 
 

Condensation 
 
 

Precipitation 
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Infiltration  

Evaporation 
or 

Transpiration 

Runoff 

 
Water Cycle 
 

Interstate Commission on the Potomac River Basin      
 (301) 984-1908 │ info@icprb.org │ www.PotomacRiver.org 

Presenter
Presentation Notes
To  understand how to manage our watersheds we need to also  understand the hydrologic cycle, or water cycle.  It is called a cycle because it is continuous. It describes the transport of water through the air, over the ground surface, and through the strata of the earth.

In this presentation, we focus on evaporation, transpiration, infiltration, and runoff as they relate to water quality.  The way we use land – whether we remove trees and build urban areas or visa versa whether we plant more trees and create parks and green areas in our cities – affects the amount of evaporation, transpiration, infiltration, and runoff.  For the rest of this presentation, we will be exploring this.

Definitions :

Precipitation:   rain, snow, sleet, or hail.
Evaporation:  when water is changed from a liquid to a vapor.
Transpiration:   Water can take several paths after it enters the soil. Some becomes part of the soil storage. While near the surface, some is used by plants and is eventually returned to the atmosphere as water vapor. The process by which plants release water vapor to the atmosphere is called transpiration. This water vapor is a by-product of photosynthesis.
Infiltration:  the entry of water into the soil.  The rate at which water infiltrates depends on soil properties such as soil water content, texture, density, organic matter content, permeability, and porosity.
Percolation and Groundwater Recharge:  water can move downward into the soil and replenish the groundwater supply.
Runoff and Overland Flow:  the portion of precipitation, snowmelt, or irrigation water that flows over and through the soils, eventually making its way to surface water systems, such as streams, wetlands, ponds. Contributions to runoff might include overland flow, ground interflow, and groundwater flows.  When the precipitation rate exceeds the infiltration rate, and surface depressions are filled, water will flow overland in sheets or channels.  A large percentage of this surface runoff reaches streams.

Definitions from Environmental Hydrology, A.D. Ward and SW Trimble, Lewis Publishers, 2004.





Part Two 
 

Land Use: 
How infiltration, runoff,  

and water quality  
differ in different landscapes… 
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Land Use:  

Wetlands 
Wetlands include : 
 
Forested swamps in 
the low-lying flood-
plains of rivers.  
 
Marshes bordering 
the Chesapeake Bay 
and our large 
tributaries.  

Wetlands now only cover 10% of Maryland;  
73% have been destroyed since pre-colonial times. 
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Riparian, or riverine, wetlands and forested swamps occur in the flood plains along streams and large rivers (the areas where streams naturally overflow during heavy precipitation).  They also include marshes lying along the Chesapeake Bay and large tributaries. 



Land Use:  

Wetlands 
 

 
 
 

Act as natural water 
filters 

• Plants absorb pollutants  
• Roots & leaves slow water 

flow and catch sediment in 
the water 

 
And sponges 

• Organic-rich soil hold 
water 

• Water-loving plants draw 
up and transpire water. 

 
 
 

Interstate Commission on the Potomac River Basin      
 (301) 984-1908 │ info@icprb.org │ www.PotomacRiver.org 

  

Presenter
Presentation Notes

Wetlands are often described as nature’s sponges.  During wet periods, the water-loving wetland plants and trees thrive on the extra water. The sponge-like storage capacity reduces damage from flood heights and erosion.    (Storage capacity can be demonstrated with a sponge or piece of sphagnum moss.)
Wetlands protect water quality in multiple ways.  

Wetlands also are seen as nature’s giant water filters.  The roots, stems, and leaves of these plants and trees slow the velocity of river currents during storms, causing sediments that are suspended in the water to fall to the bottom of the channels, where plant roots trap the dirt.  The plants also absorb and retain excess nutrients and heavy metals in the water.  
 
These functions of a wetland play a vital role in protecting water quality and habitat in adjacent streams and in maintaining the elevation of groundwater.  






Land Use:  

Forests 

34-
35 

Let’s 
discover 
some 
connections 
between 
forests and 
water 
quality. 
 
Where does 
the rain go 
in this 
scene? 
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Let say it hasn’t rained in a week, and it just started raining about 10 minutes ago. Where does rainfall go in this setting?

It infiltrates into the soil and leaves, because the organic rich soil, or humus, underneath the dried leaves and decaying leaves, or humus, is porous – filled with pores, or air spaces, for water to pass through or be held in.

When the amount and rate of rain exceed the rate that it can percolate through the ground, the rain will flow over the land downward toward the stream.

Will this overland runoff flow quickly to the river? Although on a slope, the energy of the rainfall is lessened when it hits the surface vegetation, and its passage is slowed by the rough surface created by the leaves, plants, and fallen branches.  

During summer, the tree leaves intercept (catch) part of the rain, reducing the amount of rain that reaches the ground, as well as reducing the energy of the rain drops the do fall on the ground.

If it was a 90-degree summer day, do you think the stream temperature also would be 90 degrees?  
Most likely, it would be cooler than the air temperature due to the shade.




Land Use:  

Agriculture  
 

45-47 

•  Where does the rain water go? 
•  What does the runoff carry? 
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Photo on top right: Much of the rainwater will wash down the furrows in the field, carrying manure, fertilizer, sediments (soil), and pesticides into nearby bodies of water.

The largest source of pollution to the Bay comes from agricultural runoff, which contributes roughly 38% of the nitrogen and 50 percent of the phosphorus entering the Chesapeake Bay.
Of the nitrogen pollution to the Chesapeake Bay, 17% comes from manure, 15% from fertilizer, and 6% from agricultural air pollution.  Source:  Chesapeake Bay Foundation

Not all farms created equal – the larger animal feeding lots differ from family farms:

Concentrated Animal Feeding Operations (CAFOs) are facilities where large numbers of poultry, swine, cattle or other animal types are confined within a much smaller area than traditional pasture operations. The concentration of the wastes from these animals increases the potential to impact air, water, and land quality…. Manure and wastewater have the potential to contribute pollutants, such as nitrogen and phosphorus, organic matter, sediments, pathogens, heavy metals, hormones and ammonia, to the environment.
The environmental impacts resulting from mismanagement of wastes include, among others, excess nutrients in water (such as nitrogen and phosphorus), which can contribute to low levels of dissolved oxygen (fish kills), and decomposing organic matter that can contribute to toxic algal blooms. Contamination from runoff or lagoon leakage can degrade water resources, and can contribute to illness by exposing people to wastes and pathogens in their drinking water. http://www.epa.gov/region7/water/cafo/cafo_impact_environment.htm



Effects of Land Use: Farm Land 

INPUTS 
• Fertilizer --excessive nitrogen 

and phosphorous downstream 
• Pesticides 
• Animal waste runoff 

 
RESULTS 
• Algae blooms 
▫ Reduced oxygen 
▫ Reduced aquatic life 
 
 

 
 

INPUT 
• Excessive sediment in rivers 

 
RESULTS 
• Murky waters:  less sunlight 

reaches plants  
• Fewer underwater plants =  

reduced  dissolved oxygen 
• Buried bottom habitat 
• Clogged gills for fish and 

smaller invertebrates 
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Land Use:  

Cities and Suburbs  
 

36,37 

Where does the rain go? 

Stormwater runoff: rainwater that 
cannot infiltrate into the ground due 
to the presence of impermeable 
surfaces.  
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We describe surfaces that allow water to infiltrate into the soil, such as in the previous forest scene, as pervious.    Pervious surfaces are porous, having open space through which water can pass or be stored.

Surfaces that prevent water from percolating into the soil are impervious.  Concrete and roofs are impervious.

Where would rain or runoff go in this picture?
How fast does it move in comparison to woods?
What does it carry with it?
How would its temperature compare with the previous scenes?



39-40 

Urban 
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The paths of stormwater runoff.  During the 1970s and 1980s, the goal was to get stormwater runoff off the land as fast as possible – to pipe it directly into the rivers and Chesapeake Bay.  As it the damaging effects were realized in the 1980s, we began piping stormwater to retention ponds in new suburban developments (bottom left) to let sediment and pollutants settle out before the water was released into rivers, as on the right.  This did not prove effective in removing pollutants, reducing erosion, or recharging our groundwater.  While most stormwater systems still remain like this, laws in Maryland were passed in 2010 to manage stormwater in a more river- and bay-friendly manner.  See Environmental Site Design.  




Our Main Focus:  Stormwater Runoff  
 

Stormwater runoff 
is the only growing 
source of water 
pollution. 
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The fastest growing source of pollution to the Bay is from stormwater runoff.  It is also the only growing source of pollution in the Chesapeake Bay.




•Why is increased impervious surface linked to stream erosion? 
 
•What are some effects of stream erosion? 
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Greater volume of water from impervious areas.  As it rushes through streams it cuts the banks and scours the substrate.

Effects:  habitats washed away or buried.  Consider that fish, such as trout and brook lampry, build nests with the gravel on the river bottom, and that macroinvertebrates use the tree roots and leaf packs for habitat.

Loss of water clarity, leading to reduction in underwater plants and to lower dissolved oxygen in the water.

Sediment also is washed downstream and into the Chesapeake Bay.




Forests versus Cities 
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This is a concrete example of how land use affects the water cycle.

There is a big difference in the amount of water that infiltrates or percolates into the soil in a woods versus an urban area.

What is another difference?  Runoff

Which do you think your area resembles? 




Land Use and Water Quality 
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Presenter
Presentation Notes
Even low levels of imperviousness affect streams.  When upstream impervious land
cover is above 2%, pollution-sensitive Brook Trout are never found.  This is because they need cool water and a high level of dissolved oxygen.

When there is  10-15% imperviousness in a watershed, stream health is never rated as good, according to state surveys.  

When watershed imperviousness exceeds 25%, only hardy, pollution-tolerant reptiles and amphibians can thrive.

Streams most affected by urbanization are in the Baltimore-Washington Metropolitan portions of the Patapsco and Potomac Washington Metro river basins.

Source:  From the Mountains to the Sea: The State of Maryland’s
Freshwater Streams, Authors: Daniel Boward, Paul Kazyak, Scott Stranko, Martin Hurd, Anthony Prochaska, Maryland Department of Natural Resources, 1999.

The health of streams in your school’s watershed, can be found  at http://www.streamhealth.maryland.gov/.




It’s All Connected 
The Water Cycle –  
Infiltration, Runoff, 

Evaporation 
  
 
 

Land Use &  
Land Cover 

 
 
  
 
 

Healthy Water Resources 
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Presentation Notes
Now that we have talked about land use and water quality,  this is a good point to reiterate the back-and-forth connections of these factors.  
This also can provides a good exercise in critical thinking and writing for your students either at this point, or after  our discussion of Best Management Practices, or runoff solutions.



Part Three 
 

Best Management Practices and 
Stormwater Solutions:  

Enough of the Bad Stuff!  
What can we do to  

protect our streams? 
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Protecting Our Watershed 
• Best Management 

Practices for 
farms: 
▫ Tree buffers by  

streams 
▫ Fences around 

animals  
▫ Less fertilizer 
▫ Crop rows parallel to 

slope 
▫ No-till farming 
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Presentation Notes
No-till farming (also called zero tillage or direct planting or pasture cropping) is a way of growing crops from year to year without disturbing the soil through tillage. No-till is an agricultural technique which increases the amount of water and organic matter (nutrients) in the soil and decreases erosion. It increases the amount and variety of life in and on the soil, including disease-causing organisms.

FOR a video by the Rodale Institute on the equipment farmers use for no-till farming see:  http://www.hearts.com/ecolife/fight-climate-change-farming-foods/.



Protecting our Watershed:  

Stormwater Pollution Solutions 

Conservation Gardens  
• Slow down the runoff. 
• Spread it out. 
• Let it soak in. 
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Presentation Notes
These stormwater pollution solutions are designed to return the functions of forests, wetlands, and meadows to our urban areas:  to slow down the rain water; to spread it out, rather than to focus it in gutters and channels; and to allow it to filter into the ground, where it can be cleansed, used by plants, or returned to the ground water.  

Those pictured here are but of the few projects that can be undertaken by schools and students to reduce polluted runoff entering our streams and the Chesapeake Bay.  Not only do these project improve water quality and protect stream ecosystems, they also address the large issues of Climate Change and water conservation.  And lastly, that are replete with opportunities for lessons in biology, chemistry, land-use planning, art and design, program planning and evaluation, etc.



Better yet… 
• Plant and protect forests 
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Presenter
Presentation Notes
Currently 40% of Maryland is forested.  Maryland’s Forest Preservation Act of 2013, which requires that the State stay at or above its current tree canopy of 40 percent, assists citizens and local governments who work to increase tree cover on their property with more tools and tax benefits. This first-of-its-kind legislation is part of a statewide effort to reduce greenhouse gas pollution, prevent further climate change and improve water quality in the Chesapeake Bay.  (Source: http://news.maryland.gov/dnr/)



Rain Gardens: multiple benefits 

• The basin catches runoff 
and allows it to infiltrate. 

 
• The plants and soil 

bacteria clean the 
stormwater. 

 
• Provides food for 

butterflies, birds, insects, 
rabbits, squirrels, mice.... 
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Presenter
Presentation Notes
The goal of these different stormwater solutions is to recreat the environmental benefits or functions of forests, wetlands, and meadows.



Catch it: Rain Barrels     
• Catch storm water from 

gutters. 
• Direct it over garden and lawn. 
• Reduce water use during 

droughts. 
• Use for water education. 

Contest Fairfax 
County website 
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Presenter
Presentation Notes
Rain barrels are limited in how much they can catch, but they can be effective when the overflow is released slowly to a nearby garden or landscape.  Hooking up multiple barrels for the school temporary units or using cisterns on school buildings provide greater water conservation and runoff reduction.



Change impervious 
surfaces to natural 
ones.  

From Green Roofs  
to Grass Swales… 
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Presentation Notes
The Town of Forest Heights has taken the initiative to "Go Green" by becoming the first local government in Prince George's County to convert all government owned facilities to the green standard with the unveiling of the green roof on the municipal building. The Town of Forest Heights has taken the initiative to "Go Green" by becoming the first local government in Prince George's County to convert all government owned facilities to the green standard with the unveiling of the green roof on the municipal building.  Also have a Tree Canpopy Tree Canopy Program�The Tree Canopy Program is also expected to provide green coverage in many places within the town to reduce sun heat exposure, improving our air quality by natural methods and erecting trees for a cooler overall temperature.
�The Tree Canopy Program is also expected to provide green coverage in many places within the town to reduce sun heat exposure, improving our air quality by natural methods and erecting trees for a cooler overall temperature.
Swales.  Underneath porous materials, rock, organic matter.  The plants absorb water. The underlying organic matter absorbs water. Infiltration is slowed; pollutants absorbed before it reaches a  pipe that goes to a sediment pond, river, storm system.
Top: Lakecountyil.gov
Diagram http://www3.villanova.edu/VUSP/bmp_research/imp_bmp/imp_bmp_swale_files/image002.gif




…to Pervious Pavement 
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Presentation Notes
Here are examples of pervious driveways in the District of Columbia.  This District is addressing its polluted stormwater problems (due to its combined stormwater-sewer system) by installing new Low Impact Development practices designed to increase infiltration and the breakdown of pollutants.

See Riversmart projects for more information. http://ddoe.dc.gov/riversmart



What YOU can do everyday… 

• Scoop the poop. 
• Recycle and dispose 

trash properly. 
• Use less fertilizer and 

pesticides. 
• Keep waste out of 

storm drains. 
• Raise Awareness. 
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Presentation Notes
Trash contributes to debris jams in streams, resulting in streambank erosion and tree loss; wild life can get tangles in it or confuse it with food, and it looks nasty.




It’s your 
world.  
Envision it. 
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Resources for Student Research 

• Daniels. M, Pennington. J, Sharpley. A. Best Management Practices for Livestock Farms, University of Arkansas Cooperative 
Extension 

• Maryland Department of Natural Resources. Web. 2 Dec. 2011. 
<http://www.dnr.state.md.us/streams/OurMDStreams.asp>. 

• http://www.dnr.state.md.us/streams/publications.asp 
• http://www.dnr.state.md.us/streams/pdfs/state_factsheet.pdf 
• http://www.dnr.state.md.us/streams/pdfs/md-streams.pdf:  interactive map to find the health of your stream and 

watershed. No special software needed. 
• Impervious Surface and Flooding:  http://ga.water.usgs.gov/edu/impervious.html 
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http://www.dnr.state.md.us/streams/publications.asp�
http://www.dnr.state.md.us/streams/pdfs/state_factsheet.pdf�
http://www.dnr.state.md.us/streams/pdfs/md-streams.pdf�


Picture References INCOMPLETE 
 
1. Northwest Branch, Montgomery County, MD, Maryland Streams Take a Closer Look, Maryland Department of Natural Resources, Photo Library, Copyright 1999. 
2. Great Falls, MD, Maryland Streams Take a Closer Look, MDNR. 
3. Patuxent River at Patuxent River Park Overlook, Rebecca Wolf 
4. Coastal Plain stream, Maryland Streams Take a Closer Look, MDNR.  
5. Maryland Streams Take a Closer Look, MDNR. 
6. Maryland Streams Take a Closer Look, MDNR. 
7. Maryland Streams Take a Closer Look, MDNR. 
8. Alan Bull: channelized stream in Anacostia watershed, Cheverly, MD. 
9. Maryland Streams Take a Closer Look, MDNR. 
10. Background Photo: Maryland Streams Take a Closer Look, MDNR. 
11. Gray Tree Frog, John White, Maryland DNR, <http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Anura/GrayTreeFrog.asp> 
12. Mussels, South Carolina Department of Natural Resources <http://www.dnr.sc.gov/fish/species/shellfish/index.html> 
13. Brook Trout, Ohio Department of Natural Resources <http://www.dnr.state.oh.us/Home/species_a_to_z/SpeciesGuideIndex/brooktrout/tabid/6574/Default.aspx> 
14. Spotted Salamander, John White, Field Guide to Maryland’s Salamanders and Newts, http://www.dnr.state.md.us/wildlife/Plants_Wildlife/herps/Caudata/Spotted.asp 
15. Box Turtle, Scott Smith, MDNR. 
16. White-tailed Deer, <http://www.deer-pictures.com/white_tailed_deer.html> 
17. Maryland Streams Take a Closer Look, MDNR 
18. Channelized stream, Alan Bull 
19. Little Girl Drinking, Tweedy Plumbing. Web. http://www.tweedyplumbing.com/water-plumbing.html 
20. Stormwater Regulatory Background. Photograph. Arkansas State Highway and Transportation Department. Web. 08 Feb. 2012. 

<http://arkansashighways.com/stormwater/regulations.aspx>. 
21. Distended Menhadin TO BE FOUND 
22. Brown Catfish, Lip Lesion, Potomac River, http://www.fws.gov/chesapeakebay/Newsletter/Spring12/Bullheads/Bullheads.html 
23. Brown Catfish Tail Lesion, Potomac River, TO BE FOUND 
24. Where Can I Watch a Bald Eagle in Flight? http://canidoit.org/where-can-i-watch-a-bald-eagle-in-flight 
25. Beaver Stripping Bark from a Twig, National Geographic http://animals.nationalgeographic.com/animals/enlarge/beaver_image.html 
26. Stonefly Larvae: TO BE FOUND 
27. "Our Watershed - Plum Creek Watershed Partnership." Plum Creek Watershed Partnership. Web. 08 Feb. 2012. <http://pcwp.tamu.edu/our-watershed>. 
28. Chesapeake Bay Watershed image, <http://en.wikipedia.org/wiki/File:ChesapeakeWatershedMap.png>. 
29. Prince Georges County Map, http://www.princegeorgescountymd.gov/Government/AgencyIndex/DER/ESG/watershed-plan.asp?nivel=foldmenu(7) 
30. Prince Georges County Watersheds, http://www.princegeorgescountymd.gov/Government/AgencyIndex/DER/ESG/watershed-plan.asp?nivel=foldmenu(7)  
31. State Major Watershed, MDNR 
32. Hydrologic Cycle, James River Association http://www.relia.net/~thedane/soil_water.html 
33. Rivulet, Woodland, Patuxent River Park, Rebecca Wolf 
34. Woods, Patuxent River Park, Rebecca Wolf 
35. Woods, Patuxent River Park, Rebecca Wolf 
36. Parking Lot, Rebecca Wolf 
37. Drain, Rebecca Wolf 
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Land use and water quality MBSS site
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Photo Sources continued 

39. To Be Found 
40. Sedimentation Pond, Rebecca Wolf 
41. Storm Outlet, Rebecca Wolf 
42. Protecting Water Quality from Urban Runoff. Environmental Protection Agency <http://www.epa.gov/owow/NPS/urban_facts.html> 
 
43. Maryland Streams Take a Closer Look, MDNR 
44. Maryland Streams Take a Closer Look, MDNR. 
45. Crop Rows: To Do. Maybe. Cropland. Photograph. Allamakee SWCD. Web. 09 Feb. 2012. <http://allamakeeswcd.org/conservation-

practices/cropland-2/>. 
46. Crop Rows: -  Source Unknown 
47. Cows in stream: -  Source Unknown 
48. Farming Best Management Practices – Source Unknown 
49. Marsh, Rebecca Wolf 
50. http://www.dogster.com/files/post_images/e51efaf193ecf5a9718b0991a5c9f097.jpg 
51. -  Source Unknown 
52. -  Source Unknown 
53. -  Source Unknown 
54. "LID Urban Design Tools - Rain Barrels & Cisterns." Low Impact Development (LID) Urban Design Tools. Web. 13 Jan. 2012. 

<http://www.lid-stormwater.net/raincist_specs.htm>. 
55. Green Roof -  Source Unknown 
56.  Grass Swale -  Source Unknown 
57.  Gravel Swale -  Source Unknown 
58. File:Natural Playground by The Natural Playgrounds Company.jpg. Photograph. Wikipedia, the Free Encyclopedia. Web. 1 Feb. 2012. 

<http://en.wikipedia.org/wiki/File:Natural_Playground_by_The_Natural_Playgrounds_Company.jpg>. 
59 a& b. Patuxent River Park Watershed Models, photo by Tarryn Lee, 2012. 
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