Page County
A Water Resources Primer
      Introduction

Look around.  We live in a beautiful part of the world.  Gentle rolling hills, scenic landscapes, abundant wild life and natural beauty.  However, we must protect it.  As the noted environmentalist Edward Abbey said, the wilderness needs no defense, only more defenders.

One of our most precious natural resources in Page County is our water.  Throughout history, all societies have been based on a dependable supply of clean water. Good planning and clever engineering have enabled great cities to develop.  For instance, the Romans created aqueducts, Los Angeles is fed by aqueducts and vast areas in the Catskill Mountains have been preserved from development to serve as a catchment area to supply New York City with some of the best drinking water in the country.

We are indeed fortunate that Page County is blessed with abundant resources of clean, fresh water.  But will it always be so?  The Shenandoah Valley is the driest section of Virginia, averaging about 37 inches of rain per year.  The Valley has seen some strong growth over the past 30 years, and, as our population swells, the amount of water available to each individual decreases.  In 2005, the City of Harrisonburg constructed a pipeline for the South Fork of the Shenandoah River to draw 8 million gallons of water a day to supply that growing metropolis.  In 1980, there was a proposal to construct a pipeline down the median of Interstate 66 to pump water from the Shenandoah River to supply the explosive growth of Northern Virginia.

Yes, water is an issue.  It may surprise many to know that in a 1989 survey of wells in Page County, almost half were found contaminated in some way.  Due to the geology of Page County, water moves easily underground, sometimes for miles.  Contamination can enter underground water supplies at one location and affect numerous people.  In many areas, surface water and ground water are interchangeable, moving from one to the other.  Water moves to the surface via springs, only to sink back through stream beds.  Garbage carelessly thrown into a sinkhole can quickly and directly contaminate underground water sources.  Careless disposal of mercury at a textile mill in the first half of the 20th century near Waynesboro has caused elevated levels of mercury in fish in the Shenandoah River.

In an effort to protect our local water resources, the Page County Board of Supervisors appointed a citizens’ advisory committee and charged them with the task of exploring water issues and making recommendations to elected officials.  The committee, the Page County Water Quality Advisory Committee has been active since 1997, gathering data and filling the role of a citizens’ committee on water issues as mandated by the Clean Water Act passed in 1972.  This booklet is the result of some of the work of the Committee and other interested parties in an effort to advise and educate the citizens of Page County on water issues.

WHERE DOES OUR WATER COME FROM?

     Unlike Harrisonburg, Front Royal and Winchester, Page County does not depend on withdrawing water from the Shenandoah River.  The Town of Luray derives its water mostly from springs.  The towns of Stanley and Shenandoah derive their water from highly productive wells which tap into underground aquifers.  Most of the rest of the county depends on drilled wells on private property and some still make use of  springs.  

     So, our water comes from both surface water sources as well as ground water.  Due to our limestone topography, there are a direct links between land use, the quality of surface water and the quality of ground water.

     Under the farms, homes, businesses and roads of the county, a labyrinthine honeycomb of chambers and spaces allows ground water to flow and intersect.  Karst geology is unique in its complex underground cracks, channels and caverns and the frequent connections to surface water.

     Therefore, in order to protect the quality of our ground water, we must protect our surface water quality.  To do this, we must practice careful land use.
What is Ground Water?
Aquifers, or natural underground rock formations, hold 95% of the entire world’s fresh water.  In the United States, ground water supplies 53% of the population’s drinking water.  In karst areas such as Page County, the quality of surface water directly affects ground water quality.  Frequently the aquifers in karst areas hold ground water for short periods of time and are easily influenced by surface pollution. In karst areas, the quality of surface water directly affects ground water quality.
Ground Water Trivia
The information below can be found at www.deq.state.va.us/gwpsc
* 38% of Virginia's 95 counties are completely dependent on ground water for public water supplies. 55 counties draw 1/2 or more of their public water supplies from ground water
* Of Virginia's 2,500 public water supply systems, 2,300 use ground water. Many of these systems are small and remote from any surface water supply reservoirs and have no alternative to ground water.

* In 60 of the state's counties, the majority of households obtain water from their own private wells.
*In 52 of the state's counties, wells are growing in importance -- the increase in the number of households served by private wells being greater than the number added to public systems.
*The typical ground water user household is a family of 2 to 4 members.

*Of the half-million households using individual wells, 92 percent also use septic tanks -- a combination that can bring problems unless both are designed and operated properly.
      * 31% of private well users report that they are on lots of 1 acre or smaller.

* 35% of those with wells use fuel oil as their source of heat, presenting another potential threat to the household's water supply.

* Heaviest reliance on individual wells is outside the state's urban centers in rural non-farm areas, where new growth frequently takes place beyond the foreseeable reach of public water or sewer lines.

* 83% of those using individual wells own their homes, and more than half are still paying their mortgage. Keeping the water supply clean is essential to protecting these families' property values.

* Replacing a well that has become contaminated is expensive, and many home using wells are of modest means. 36% of houses using wells cost $50,000 or less in 1990; 70% cost $50,000 to $100,000.

* Industry, too, relies on clean ground water for production of food, paper, and polymers--leaders include Burlington Industries, Coors Brewing Company, E.I. DuPont de Nemours, Holly Farms, Perdue Farms, and Virginia Power. 

As Virginia’s population grows, ground water will become an increasingly important resource. It is crucial that this resource be managed carefully. We must keep ground water protection in mind as we make public as well as private decisions. 
KARST

We in Page County live in a part of the country which has a very special type of topography:  the term “karst” refers to a landscape with soluble bedrock characterized by caves, sinking streams, springs, and sinkholes.  The word comes from a similar landscape in the Karst region of Germany.  Only about 20% of the United States and 10% of the earth’s surface is considered karst, most often containing soluble limestone or dolostone.  Page County has known caves around Luray, Hamburg and Leaksville but much of the Page Valley is underlain by the honeycomb karst geology.
Underground drainage patterns become established in karst landscapes.  Surface water then gets diverted underground through sinkholes and flows into caves or other conduits, finally surfacing again at lower elevations into surface streams.  Changing the drainage patterns in karst geology may cause unforeseen results due to a lack of natural filtration and rapid rate of water flow between the surface and ground water.  Local drinking water supplies may become contaminated by increasing impervious surface due to unplanned development and increasing loads from site changes or road construction.
Outside of the town limits, most Page County citizens rely on wells.  The fissures, fractures and bedrock openings make ground water vulnerable to contamination from liquid and solid wastes, contaminated surface water, sediment, septic system effluent and other hazardous materials.  

Watershed planning (currently underway in Page County) to address these concerns is very important in karst regions.  Underneath certain sections of the Page County landscape a beautiful geologic wonderland exists; precipitation slowly seeps through the carbonate rock, creating a fairyland of formations including stalactites, stalagmites, columns, draperies, and veils among other shapes and designs of the crystalline deposits.  
Luray Caverns provides an opportunity to see some of these formations in an active state.  According to the Luray Caverns website, new deposits accumulate at the rate of one cubic inch in 120 years.
Luray Caverns - U.S. Natural Landmark


A project to locate and map ground water wells is currently underway in Page County.  The study will help to reveal the location of aquifers, the flow of underground water, determine the water-rich and water-poor areas, etc.  Volunteers to help with this study or any other project are always welcome.  Please call 743-4808 for more information.
Point and Non-Point Source Pollution

Pollutants are transported to our rivers and streams through two very different mechanisms: point and non-point source pollution.  Point source pollution contributes contaminants to our water from a single and distinct point, as its name implies.  Common point sources include wastewater treatment plants and industries.  In the Commonwealth of Virginia, point source dischargers are required to obtain discharge permits that set limits on the amount of a specific pollutant they are allowed to discharge into a river or stream.  It is through these permits that we make sure that our waters do not receive excessive amounts of a particular pollutant. 

While the technology and regulatory structure is in place to limit or “cap” the pollutant load from point sources, capping non-point source pollution is far more difficult.  As its name implies, non-point source pollution (NPS) does not come from a single and distinct source.  In fact, NPS pollutants may travel several miles before actually reaching a stream.  These pollutants are transported from the land to the water through runoff.  Runoff occurs when rainwater that does not soak in to the ground is transported across the land into our rivers and streams.  This runoff carries with it all of the pollutants that have been deposited on our land including: antifreeze from cars leaking on to parking lot surfaces, nutrients from excess fertilizer used on our lawns, cattle manure in pastures to name a few.

Types and Consequences of NPS Pollution

We have four different types of NPS pollution that enter our waters: toxic substances like pesticides and gasoline, pathogens like bacteria, nutrients like nitrogen and phosphorous, and sediment.  Many of our streams in Virginia are polluted by nutrients from excess fertilizer and sewage entering our water.  When nutrient levels get too high in a stream, they will over-stimulate the growth of algae and aquatic plants.  As these plants and organisms grow, they can clog our waterways and block out sunlight that other organisms need for growth and survival.  The decomposition of excess algae and aquatic plants uses up large amounts of oxygen in the water, which in turn harms other aquatic organisms like fish by limiting their respiration ability.  Excess sediment in our streams can also harm aquatic organisms by clogging their gills and reducing plant productivity.  In addition, excess sediment deposited on the stream bottom can suffocate aquatic organisms such as insects that live on stream bottoms.  Pathogens like bacteria are another common pollutant in our streams.  These pollutants can be harmful to both aquatic life and humans.  Through primary contact with contaminated water (e.g. swimming, splashing around the mouth and eyes where water might be ingested), people may be at risk for a number of illnesses including dysentery and minor respiratory and skin diseases/infections.  These pathogens enter our waters through runoff from farms, untreated sewage, storm drains and leaky septic tanks.  Though these pollutants are not visible to the naked eye, they greatly increase our risk for illness and infection when recreating in our streams.

PICK UP LITTER!!! IT IS ALSO A POLLUTANT TO OUR WATER!!!

Shenandoah River Quick Facts

The information below can be found in the Shenandoah River Atlas – Rediscovering the History of the Shenandoah and Its Branches, published by the Friends of the Shenandoah River and from the Luray-Page County website: www.luraypage.com
· The South Fork of the Shenandoah River flows for 53.11 miles through Page County

· According to a Native American legend the word “Shenandoah” means ‘Daughter of the Stars’ and refers to the Shenandoah River and Valley where the brightest stars of the morning fell.

· The River served as a main transportation route with gundalows and bateaus (barges) regularly plying the water between Port Republic, VA and Harpers Ferry, WV in the 1700’s-1800’s.

· With a 3,000 square mile drainage area--almost two million acres--the Shenandoah watershed drains a large portion of Virginia west of the Blue Ridge.  223 river miles of the Shenandoah and its tributaries are designated trout-fishing waters.

· USA Today named the Shenandoah River as one of the top 10 places to fly fish in the U.S.

· The Shenandoah flows north, one of only a few such rivers in the United States 
· More than 746 miles of the Shenandoah and its tributaries do not meet Virginia’s water quality standards, for reasons of fecal coliform bacteria, sediment, bacteria, mercury and PCB pollution.
· In April  2006, American Rivers listed the Shenandoah River as the #5 most endangered river in the nation.  Rapid urban and suburban development in the Shenandoah Valley were identified as the primary cause of this listing.
· The first evidence of inhabited structures in North America has been unearthed along the North and South Forks of the Shenandoah near Front Royal, Virginia. This national historic landmark dates to 9300 B.C. and was the home of Paleo-Indians who used the site until about 6800 B.C. Around 900 A.D., the Shenandoah saw the beginnings of farming by Native Americans.
TOTAL MAXIMUM DAILY LOADS  (TMDLs)
The Clean Water Act (CWA) that became law in 1972 requires that all U.S. streams, river and lakes meet certain water quality standards.  The CWA also requires that states conduct monitoring to identify polluted waters or those that do not meet standards.  Through this required program, the state of Virginia has found that many stream segments do not meet state water quality standards for protection of the 5 beneficial uses, which are fishing, primary contact recreation, shellfish, aquatic life and drinking.

When streams fail to meet standards the law requires that states develop TMDLs for each pollutant.  A TMDL is a “pollution budget” for a stream.  That is, it sets limits on the amount of pollution that a stream can tolerate and still maintain water quality standards.  There are 4 stages of developing a TMDL:  a study is done on the particular stream (such as Hawksbill Creek and Mill Creek), an implementation plan is created to reduce the amount of pollutant in the stream, the implementation plan is then implemented and finally, the stream is monitored to determine if the steps taken to reduce the pollution are working.

The Department of Environmental Quality and the Department of Conservation & Recreation intend for nonpoint source pollution to be reduced through best management practices (BMP’s).  

Public input is crucial to the TMDL process.  Since landowners in each watershed know their land and its uses and will be directly affected by the implementation plan, citizen participation is necessary to incorporate all possible solutions to decreasing water pollution. 

	Name 
	County
	Impairment

	South River/S.F. Shen R./N.F. Shen R./Shenandoah R. 
	Page, Warren
	VDH Health Advisory (Mercury)

	South Fork Shenandoah River 
	Page, Rockingham
	Fecal Coliform, General Standard (Benthic) 1998

	Naked Creek 
	Page, Rockingham
	General Standard (Benthic) 1998

	Cub Run 
	Page, Rockingham
	Fecal Coliform (2004), Temperature

	Mill Creek 
	Page
	Fecal Coliform

	Hawksbill Creek 
	Page
	Fecal Coliform, Temperature (2002)

	Pass Run 
	Page
	Fecal Coliform

	Rocky Branch 
	Page
	pH

	Jeremy's Run 
	Page
	pH

	Mill Creek 
	Page, Rockingham, Shenandoah
	Fecal Coliform, General Standard Benthic (1998 7.6 miles), Temperature (12.39 Miles


BEST MANAGEMENT PRACTICES  (BMPs)

Best management practices, which are commonly referred to as BMPs, are structural and non-structural management practices that limit or reduce the transport of pollutants like nutrients and sediment from the land to our water.  When implemented properly, BMPs protect our rivers and streams from many of the adverse effects of human activities like urban development, improper forest harvesting and agriculture.

In Page County where forest and agricultural land uses are predominant, BMPs that are specifically designed to limit the impact of these activities on water quality are of vital importance to the health of our streams.  Many Page County farmers practice BMPs that limit sediment transport to our waters including: planting streamside vegetation or “riparian buffers” that trap sediment and other pollutants, planting cover crops, and practicing conservation tillage or no-till farming.  They have also adopted several practices that limit water pollution from nutrients and toxic substances such as: practicing good nutrient management and not over-applying herbicides and pesticides, rotating crops, and storing animal waste appropriately.

In the more urbanized areas of Page County, urban BMPs based upon low impact development principles are very important in reducing stormwater runoff and transport of pollutants to streams through storm drains.  Low impact development is based on the principle of increasing infiltration of stormwater runoff into the soil, rather than allowing water to run off across paved surfaces into our streams, carrying with it numerous pollutants.  When the water is allowed to infiltrate into the ground, the soil acts as a sponge or filter, effectively trapping pollutants carried by the runoff.  For more information on low impact development, see What Is Low Impact Development? on page 17

PAGE COUNTY AGRICULTURE

     Agriculture is a vital part of the Page County community not only in terms of the economy, but agriculture contributes greatly to the rural character we enjoy and appreciate in Page County.  From our beautiful mountains, rolling green pastures and fertile farmland, agriculture helps to maintain our open space for generations to come. 

     Page County consists of approximately 550 farms on 64,000 acres of total farmland, with 33,000 acres of that being cropland.  Crops include corn, small grains, soybeans and different varieties of hay.  Approximately 31,000 acres of pasture provide grass for 24,000 cows and calves.  There are approximately 400 poultry houses on 160 different farms countywide.  Page County ranks 4th in terms of agricultural products in the state of Virginia.

     Farmers in Page County have always strived to protect our natural resources by using farming practices that benefit our environment.  Many of our farmers have a farm plan filed with the Natural Resources Conservation Service (NRCS) in Harrisonburg.

     NRCS provides farmers with information on best management practices.  Such practices include, but are not limited to, no-till crop planting, contour farming, planting cover crops, crop rotation and leaving crop residues as ways to protect our valuable soils from erosion.  Some of our livestock producers are participating in programs where the streams are fenced off from livestock to protect the stream bank from erosion and prevent fecal matter from entering our streams.

     All of our poultry producers have a Nutrient Management Plan that directs producers in the proper storage and spreading of poultry litter.  The plan lists each field operated by the producer and, using soil samples, soil types and the crop being grown on each field, it instructs the producer as to the proper amount of litter and correct time to apply.  There are distance setback requirements for application of litter along streams, wells, homes, rock outcrops, sinkholes, etc. to protect our water supply.  Several poultry and livestock producers in Page County have received environmental awards for their commitment to protect our natural resources.

     As agriculture continues to be a major aspect of life in Page County, our farmers will continue to strive to protect our natural resources for future generations.






    -Jerry Turner, Page County Farmers Association



The information below and many other interesting water facts can be found at www.nps.gov/rivers/waterfacts or www.brita.com
· The United States has 3,500,000 miles of rivers. The 600,000 miles of rivers lying behind dams amounts to fully 17% of our river mileage. 
· The Missouri River is about 2,540 miles long, making it the longest river in North America. The Nile is the longest river in the world at 4,132 miles as it travels northward from its remote headwaters in Burundi to the Mediterranean Sea. 
· The 8 longest rivers in the U.S. are (in descending order) Missouri, Mississippi, Yukon, St. Lawrence (if you count the Great Lakes and its headwaters as one system), Rio Grande, Arkansas, Colorado, Ohio. 
· The 8 largest rivers in the U.S., based on volume, are (in descending order) Mississippi, St. Lawrence, Ohio, Columbia, Yukon, Missouri, Tennessee, Mobile. 
· Water covers nearly three-fourths of the earth's surface. 
· Most of the earth's surface water is permanently frozen or salty. 
· Over 90% of the world's supply of fresh water is located in Antarctica. 
· If all the world's water were fit into a gallon jug, the fresh water available for us to use would equal only about one tablespoon. 
· The overall amount of water on our planet has remained the same for two billion years. 
· The United States consumes water at twice the rate of other industrialized nations. 
· 1.2 Billion -- Number of people worldwide who do not have access to clean water.
6.8 Billion -- Gallons of water Americans flush down their toilets every day. 
· By 2025, 52 countries -- with two-thirds of the world's population -- will likely have water shortages. 
· The average single-family home uses 80 gallons of water per person each day in the winter and 120 gallons in the summer. Showering, bathing and using the toilet account for about two-thirds of the average family's water usage. 
· The average person needs 2 quarts of water a day [for drinking]. 
WHAT IS LOW IMPACT DEVELOPMENT & WHY

IS IT IMPORTANT TO WATER QUALITY?
Low Impact Development (LID) is an innovative stormwater management tool that is based upon the principle of maximizing stormwater infiltration into the soil and minimizing stormwater runoff.  
The primary goal of LID is to slow water down and give it a chance to filter into soil naturally where it can be used by plants or filter through the soil and replenish groundwater supplies (rather than removing it from a site as quickly as possible).  Most development entails impervious surfaces (areas where rain water cannot reach the soil) such as roads, parking lots, rooftops and driveways.  When rain water flows over these surfaces, all the pollutants such as antifreeze, oil and litter gets picked up and carried to a stormwater drain which often empties untreated directly into the closest stream or river.  In addition, these surfaces can become very hot in the summer, thereby warming stormwater flowing over them and into our rivers and streams.  This causes an unnatural increase in water temperature that can disturb the natural balance of the stream or river.

Some examples of LID include:

· Sunken islands in parking lots that contain native flowers, shrubs and small trees.  This allows the stormwater to drain in slowly and filtrate into the soil, water the plants as the soil filters out pollutants before the water reaches our groundwater rivers and streams.
· Pervious pavement that allows rain water to soak into the soil.

· Rain barrels that catch stormwater runoff from roofs.  Water that is collected in rain barrels can then be recycled and used to water gardens, wash cars, etc.
LID principals are flexible (each site is different), simple, effective, economical and entail a balanced approach to development.  Benefits include better site aesthetics, reduction in downstream erosion, greater pollutant removal greater ground water recharge.
RAIN GARDENS -

A PRIME LOW IMPACT DEVELOPMENTTOOL 
FOR HOMEOWNERS
Rain gardens are a simple, attractive and effective tool that can be used by homeowners to reduce the volume of runoff from their roofs and yards entering streams and storm drains.  These gardens can be small attractive features incorporated into existing landscaping in residential yards, or they can be large, more complex gardens used to catch runoff from larger parking lots or buildings.  Rain gardens are designed to catch and absorb stormwater runoff, trapping pollutants such as excess nutrients before they enter the stream.

Why are rain gardens important?

While rainfall events are a natural occurrence throughout the world, stormwater runoff is not.  According to www.raingardens.org, studies have shown that stormwater is responsible for carrying up to 70% of NPS pollution to our streams, rivers and lakes.  While stormwater is not something that most homeowners think about, approximately 50% of the pollutant carried to water bodies by stormwater comes from things that we do in our own yards.  Many homeowners apply fertilizer and pesticides to their yards.  When these materials are applied in excess, they are picked up by stormwater runoff and carried to our waters.  To make matters worse, common landscaping practices like removing topsoil and planting grass do no allow rainfall to soak in to the ground.  As a result, we are increasing the amount of stormwater that runs off of our property, carrying with it large amounts of NPS pollutants!  Keeping rain where it falls is a natural solution to the problem.  While a planting a rain garden may seem like a small thing, it can greatly reduce stormwater runoff.  You would be very surprised at the amount of rain that runs off of your roof and your yard.  A small rain garden will act as a sponge for much of this water.  In planting a rain garden, not only do you get to enjoy a lovely garden, but you get the added benefit of being part of the solution to pollution from stormwater runoff!

RAINGARDEN Q&A
Q:  How can I create a rain garden that doesn’t look weedy and overgrown?
A:  You can create a functional and attractive rain garden by using the lower growing plants rather than tall grasses which may give a rain garden more of a wild appearance.
Q:  I only have a small amount of space available for a rain garden, do they need to be a certain size to be worthwhile?
A:  A rain garden of any size, large or small, will have a positive effect on water quality.
Q:  Can water tolerant plants in a rain garden survive a drought?
A:  If you use native plants in your garden, you will find that they are capable of surviving a broad range of weather conditions.  Plants that do well in poorly drained soils should be able to survive a dry spell.

Q:  Will all of the water draining to my rain garden attract mosquitoes?
A:  No.  If constructed properly, a rain garden should not hold standing water for more than a couple of days.  Mosquitoes require an extended period of standing water (greater than one or two days) in order to breed.

Page County currently has 3 rain gardens: at the Page County Technical Center, at the Big Gem Park and at the former Senior Center on Goodrich Road located in Stanley.  Plans are underway for 2 rain gardens at the Page County animal shelter.
     WHAT CAN YOU, THE HOMEOWNER,
DO TO PROTECT WATER QUALITY?
THE IMPORTANCE of SEPTIC SYSTEM MAINTENANCE

Regular maintenance (pumping) will ensure that your septic system continues to operate correctly and will help to protect local water quality.  Ignoring your septic system can cause sewage backup in your home and/or leaking lines which can release improperly treated sewage onto the ground.  In our karst geology this could mean that the ground water could become contaminated.

DON’T compact the soil over the drainage field:   Compacting the soil may cause damage and prevent your drainage field from working properly.  Do not allow anything heavier than a riding mower over your septic lines.

DON’T plant trees near your septic system:  The roots of trees and shrubs will seek out water, particularly in times of drought.  These roots can clog your system and cause damage.  Plant only a grass cover and keep it mowed.

DON’T overuse your system: All of your household water drains into your septic system – showers, toilets, kitchen sinks (including food compactor materials) and clothes washers.  Too much water at one time may cause solids to be release before properly treated.  Detergents and cleaners can harm the good bacteria in your septic tank which are breaking down the solids so use organic or less caustic cleaning agents when possible.

Indications of a failing septic system:  

· Sewage odors indoors

· Sewage outdoors over the drainfield (particularly after storms)

· Sewage back-ups in the house/toilets and drains are sluggish

· Unusual lush growth over the drainfield

Note:  Many water-borne diseases exist in sewage – avoid all contact with sewage as it is a serious human health risk.

Keep the following materials out of your septic system: 
GREASE
PAINT
OIL
PESTICIDES
DISPOSABLE DIAPERS

PLASTIC

ANTIFREEZE
STEPS YOU CAN TAKE TO CONTROL NPS POLLUTION

Homeowners can directly affect water quality - for the better or for the worse - by their actions.  Below are a few tips to help protect our water quality---

· Always get a soil test before applying soil amendments.  Contact your local Cooperative Extension office (778-5794).  The soil test results will tell you what (if any) amendments your lawn or garden needs.

· Don’t over-apply pesticides/herbicides/fertilizers - FOLLOW THE LABEL EXACTLY

· Wait to apply pesticides/herbicides/fertilizers when no heavy rains are forecast
· Fall is the best time to apply any needed fertilizer to cool season grasses for lawn areas.  Spring application promotes faster top growth, resulting in more frequent mowing, while fall application helps to develop strong roots and healthier grass.
· Install rain gardens and use rain barrels to water your plants

· Compost organic waste such as leaves, grass clippings and food scraps

· Pick up road side litter

· Plant trees and shrubs – particularly native varieties along stream banks or anywhere there is an erosion problem

· Don’t allow pet waste to enter waterways – use “litter mitts” when walking with your pet along the Luray Hawksbill Greenway or other public land or right of ways

· Dispose of household hazardous waste (HHW) properly – call Battlecreek Landfill or the Page County Department of Environmental Services if you are uncertain what constitutes HHW and how to dispose of it 
· Use low impact development practices on your property such as decreasing the amount of pavement by utilizing stone, gravel or pervious pavers

Nothing can live long without clean water – including you! These listed steps are just a few simple ways you can do your part to protect our waters

THE CONNECTION  BETWEEN PLANTS AND WATER QUALITY
Riparian Buffers

     Riparian buffers are very important tools in limiting the transport of many different pollutants to our streams.  The word “riparian” is used to describe the area adjacent to aquatic ecosystems like rivers, streams and lakes.  The word “buffer” refers to the ability of streamside vegetation to act as a sponge or filter to prevent pollutants from reaching a  stream.  Riparian buffers slow runoff, allowing sediment to settle out before the water enters the stream; they also trap nutrients, which are then used by vegetation to grow.  To see an example of a riparian buffer here in Page County, please visit Phase III of the Greenway on Hawksbill Creek.

     When planting a riparian buffer, the Virginia Department of Forestry recommends using a mixture of hardwood tress such as ash, birch, black gum, oak, sycamore and walnut.  A variety of different shrubs can be planted along stream banks that are eroding in order to hold the soil in place.  A few examples include: lespedeza, red osier dogwood, red chokeberry, spicebush and buttonbush.  Landowners that are interested in planting a riparian buffer can obtain financial and technical assistance from the Natural Resource Conservation Service I omitted the reference to CREP because it is not the only program which NRCS offers – and there may be new programs that are offered before we reprint the primer and I didn’t want it to seem like CREP was the only program.- also there are other programs which apply to landowners who may not be farmers.
Why Trees Are Important  
     At one time, forest covered most of the land area of Virginia.  In recent decades, changing land use and rapid development have led to a significant decline in forested land in Virginia.  Page County contains 316 square miles of land, with 38,614  acres in the Shenandoah National Park to the east.  The George Washington National Forest borders the county to the west.  Approximately one third of the county is federally protected which means our headwaters are also protected. Unlike many counties in Virginia, forest is the dominant land cover in Page County!  
     Trees play a critical role in protecting our waters from pollution.  In order to keep our water clean we must preserve and protect our forests, especially those adjacent to our waterways.  Our forests provide habitat for wildlife, including valuable game species such as deer and turkey; they provide shade for our streams, allowing them to support aquatic life such as trout and other fish that require cool water temperatures; they filter out sediment and nutrients before they can reach the water; and they stabilize our stream banks with their strong roots that hold the soil together.  In addition to the numerous environmental benefits our forests provide us with, they are also very important from an economic perspective.  Our forests are responsible for bringing thousands of visitors to Page County every year, thereby helping to support a valuable tourist industry.

This Chinquapin Oak located across from the Page County courthouse on Court Street in Luray Virginia is estimated to be 250 years old.  This treasure of Page County has a circumference of 19.8 feet, grows 90 feet tall and has a crown spread of 132 feet.  It is recorded on the Virginia Big Tree Registry and is the second largest in the state.

Fish Kill on the Shenandoah River

     From April to July 2005, 80% of the adult smallmouth bass and redbreast sunfish died in a 100 mile stretch of the South Fork of the Shenandoah River.

     The Department of Environmental Quality (DEQ) and the Department of Game and Inland Fisheries (DGIF) observed a major fish kill on the North Fork of the Shenandoah River in 2004.  Similar fish kills occurred on both the North Fork and South Fork of the Shenandoah River between March and July 2005.  These fish kills were unusual because they mostly affected the adult smallmouth bass and sunfish, occurred at low levels on any particular day, occurred over an extended time period, and seem to have involved the entire river. Many of the adult smallmouth bass and redbreast sunfish exhibited skin lesions and fin rot on the surface of the body.  Their immune systems seem to have been suppressed, subjecting them to secondary bacterial, viral and fungal infections in addition to the stresses of spring spawning activity and the physical abrasion which occurs with territorial defense and nest building.  Stress levels are typically high during the spring because of the nature of the conditions provided by these rivers; quickly changing spring temperatures, occasional long periods of highly turbid water that limits feeding, high nutrient content of the river and occasional inputs of other contaminants from high run off storm events.  DGIF estimated that approximately 80% of the adult smallmouth bass died during this period.

     As of now, there is no conclusive evidence suggesting a specific cause of the fish kill. Possible contributing factors are being evaluated by the Shenandoah River Fish Kill Task Force, a team assembled in July 2005 by DEQ and DGIF with the goal of identifying possible causes of the fish kill. This group is made up of state and federal water quality and resource management agencies, scientific experts, citizen groups, and the fishing community. The task force is evaluating multiple stressors that may contribute to the fish kill, such as: water quality impacts from point and non-point source pollution, disease, parasites, spawning stress, temperature, sediment chemistry, and fish population dynamics.  

     In the early Spring of 2006 there were more fish kills in the South River, tributary to the South Fork and in the North Fork of the Shenandoah River downstream from Woodstock. 

These early 2006 fish kills were somewhat similar to those of 2004 and 2005, except that there were also small numbers of other species affected in addition to the few remaining adult smallmouth bass and sunfish.  The Fish Kill Task Force will continue to investigate the circumstances, attempt to determine the causes of these fish kills and work to develop ways to prevent future fish kills.  The following Task Force studies are being performed to gather more information:

     The fish kill events are significant because they signal that there is a problem whose cause, result, and solution may impact a combination of environmental, economic, health, and recreational factors.  In addition, scientists have recently observed “intersex” smallmouth bass, or male fish that are developing eggs.  This “intersex” condition has been found in the upper reaches of the Potomac River in West Virginia as well as in the Shenandoah River.  It is possible that excreted hormone therapy for humans, hormones excreted by agricultural animals or chemicals that mimic estrogen are affecting the biological communities through hormone introductions to the rivers in storm water run off and sewer effluents. 
For more information go to http://www.deq.virginia.gov/info/srfishkill.html 

or to: www.purewaterforum.org 
WASTE WATER

Luray, Stanley and Shenandoah have modern waster water treatment plants which do an excellent job of removing solid waster and bacteria before discharging the waster water back into the environment.  However, storm water infiltration can occasionally overload the treatment capacity of these plants.  To reduce the risk of this situation, the towns are surveying their sewage collection pipe system to locate places where repairs are needed. 

Most of the rest of the county depends on individual septic systems if the soil is of the right consistency to make it “perk”.  .  Unfortunately, a number of older homes in the county depend on out-dated, worn out, ineffective, or simply nonexistent waste water systems which contribute to the degradation of our water resources.
Municipal waste water plants are much more efficient and cost effective ways to treat human waste than septic systems or alternative waste water systems for individual homes.  Page County’s Comprehensive Plan recognizes this fact by recommending that the majority of future growth be directed to the towns and nearby areas that can be served by municipal water and waste water systems.  We need to find ways to implement this recommendation in order to reduce the risks of contaminated surface and/or ground water from poorly performing septic systems.

PAGE COUNTY COMPREHENSIVE PLAN  

REFERENCES TO WATER RESOURCES 
The following is the proposed draft update of the 2006 Page County Comprehensive Plan. The information below is not chronological but is a compilation of various sections which pertain to water resources that support our community vision.  Citizens are encouraged to read the Page County Comprehensive Plan and become familiar with this guidance document.


Community Vision Statement

Page County’s vision is to promote an environment conducive to maintaining a rural quality of life which enhances tourism and agriculture and protects natural and cultural assets while encouraging compatible business and residential growth to provide a higher standard of living for our citizens.

GOAL 3:

Preserve and enhance the county’s environmental quality

OBJECTIVE ONE

Protect natural resources, including soil, water, air, scenic view sheds, and fragile ecosystems.

POLICIES

1. Locate and document natural resources in the county that require special attention such as sink holes, wetlands, springs, and endangered and/or rare species and their habitats.

2. Implement tax incentives to encourage the protection of “real estate devoted to open space use” (VA Code section 58.1-3230).

3. Prohibit land uses that have significant adverse environmental impacts.

4. Develop and implement ordinances that minimize the adverse environmental impacts of activities directly or indirectly related to new construction. These may include ground disturbance, removal of trees, altering drainage, grading, filling, etc.

5. Manage and protect environmentally significant lands suitable for the preservation and conservation of natural resources.

6. In reviewing requests for new mining, oil or gas drilling operations, ensure that public facilities and utilities are adequate, development impacts are assessed, ground and surface waters are completely protected and sufficient buffering is provided for adjacent land uses, and,

7. Promote greenways and other public access to link natural, cultural, and scenic resources such as designated scenic rivers and highways, registered historic properties, permanent open space easements, the National Park, National Forest and the Appalachian Trail systems.

8. Coordinate land-use policies with soil limitations such as shallow depth to bedrock and seasonal high-water tables.

9. Coordinate land-use policies and ordinances and Watershed Management Plans, as appropriate, with the towns of Luray, Stanley, and Shenandoah.

10. Develop and implement ordinances and code changes that encourage the use of Low Impact Development (LID) and Green Infrastructure principals and techniques to reduce and slow storm water runoff.

11. Support watershed management planning and consider any watershed management plans that are adopted or endorsed by the Board of Supervisors as a factor in making land use decisions.

12. Utilize flood plains, wetlands and other sensitive areas where possible for low or no-impact open space activities.

13. Develop and implement ordinances that protect scenic view sheds such as restrictions on ridge-top development.

14. Establish lighting standards that protect the night sky from light pollution particularly as it impacts Shenandoah National Park and George Washington National Forest.

15. Develop ordinances to manage karst terrain in order to:

a. Protect ground and surface water resources from contamination

b. Reduce the potential for property damage from subsidence or other earth movement and sinkhole flooding; and

c. Protect the public’s health and safety

OBJECTIVE TWO

Conduct a comprehensive examination of the county’s water resources and develop specific strategies to protect them.  

POLICIES

1. Manage and protect groundwater resources by:

a) Establishing and maintaining a countywide groundwater monitoring network through annual  voluntary testing of private residential wells;

b) Promoting the best management of potential groundwater pollution through on-site waste treatment systems, wells, underground storage tanks or other available technologies;

c) Establishing municipal and private wellhead protection areas.

d) Participating and cooperating in federal, state and regional groundwater protection programs;

e) Continuing to support the Page County Water Quality Advisory Committee.

f) Developing land use policies that protect ground water reserves;

g) Developing land use policies that prohibit the construction of structures, waste storage or sewage treatment systems within sink hole drainage areas, and

h) Discouraging intensive residential development on steep and excessive slopes (slopes greater than 16%); and

i) Strengthening ordinances to support the protection of groundwater resources.

2. Manage and protect surface water resources by:

a) Continuing to support the Page County Water Quality Advisory Committee;

b) Establishing resource conservation overlay districts along major rivers and streams, particularly Hawksbill Creek, Pass Run, Mill Creek, Cub Run, Naked Creek, Jeremiah’s Run, Rocky Branch, Dry Run and the Shenandoah River based on Watershed Management Plans as they are completed and recommended by the Water Quality Advisory Committee and approved by the county.

c) Informing the public of the values and benefits of preserving the river and stream corridors, and

d) Limiting residential development and increasing setbacks in areas adjacent to the Shenandoah River and its tributaries.

e) Supporting and developing preservation programs such as scenic easements, land purchase, tax incentives, and federal and state grants-in-aid and,

f) Improving the management of publicly owned lands along the Shenandoah River by providing amenities such as sanitation facilities and ground maintenance.

3. Manage and protect flood prone areas by:

a) Developing an accurate description of Page County's 100-year-flood-prone areas and 10-year flood ways.

b) Allowing only limited agricultural open space uses in the 100-year flood plain that are least subject to loss of life and property damage; and

c) Developing ordinances that prohibit housing and commercial buildings in the 100-year flood plain. 

4. Protect local and regional water resources through the application of the Chesapeake Bay Management Regulations to environmentally sensitive areas such as perennial streams, floodplains, wetlands, steep slopes and highly erodable soils.

5. Recognize the interrelationship between natural resources, especially between ground and surface waters in karst geology and discourage intensive development in those areas. 

6. In order not to degrade these natural resources that the population relies on heavily, prohibit land uses that have significant adverse impacts.

OBJECTIVE THREE

Educate and involve citizens in promoting environmental stewardship of natural resources and watershed protection.

POLICIES

1. Work with school districts to incorporate environmental education activities into the curriculum in order to encourage student environmental awareness and education.

2. Work with citizen’s groups, municipalities, business groups, and other government departments to develop outreach materials and demonstration projects to help Page County citizens understand the function and importance of natural resources and watershed protection to their daily lives.

3. Increase citizen involvement in restoration and monitoring projects and watershed planning activities.

WATER RESOURCES

Page County is located in the Shenandoah River Basin. The county is drained by the South Fork of the Shenandoah River and its major tributaries:  Naked Creek, Cub Run, Stony Run, Mill Creek, Passage Creek, Hawksbill Creek, East Hawksbill Creek, Jeremiah's Run, Dry Run and Pass Run.

Six major watersheds are located in Page County:

** South Fork, Shenandoah River/Gooney Run                  
37,550 acres

** South Fork, Shenandoah River/Mill Creek                      
36,056 acres



** Passage Creek




          
  6,083 acres



** Hawksbill Creek                                                              
56,833 acres

** South Fork, Shenandoah River/Cub Run

     
40,896 acres

** Naked Creek




     
23,558 acres

Drainage and Flood Plains
The major surface water body is the South Fork of the Shenandoah River.  The volume of the South Fork at Luray averages 1,264 cubic feet per second (CFS).  The minimum flow is 70 CFS and the maximum is 100,000 CFS.  The headwaters of Passage Creek, a tributary of the North Fork, provide drainage for the west area of the county.

The waters of the Shenandoah River reach 20 feet over normal levels every five years, and over this amount every 16 years.  Prohibitions against development within the 100-year flood line would be appropriate.

Development in the flood plain hinders the already poor drainage in such areas, increasing the chance of flooding downstream and resulting in extensive property damage. By allowing these areas to remain in their natural state, stream valleys will absorb a large portion of the rainfall, replenish the ground water supply and release the storm water into the streams at a more gradual rate.

Surface Water Resources
Approximately 4,600 residents use public water systems with a surface water supply.

According to reports in the mid-seventies, noticeable traces of deadly mercury (released decades ago upriver by the DuPont plant at Waynesboro) raised concerns over the South Fork’s water quality.  Today, the amount mercury in the water and sediments results in health advisories against eating fish from the river.  Although reports from the State Water Control Board since 1992 consider the quality of the South Fork’s water good, they also cite alkalinity and high levels of phosphate.  In 1998-1999, the Department of Environmental Quality reported increases in fecal coliform bacterial levels and the levels of these bacteria remain a problem.

There is no current scarcity of usable surface water in the South Fork of the Shenandoah River.  However, as the water demand approaches the volume of total flow available, increasing difficulty with water quality and quantity can be expected.  Three additional impoundments created for power generation are located on the South Fork near Luray, Newport and Shenandoah.  

Lake Arrowhead is the only water supply reservoir in the county.  It is located near and serves Luray.  

Ground Water Resources
About 5,500 other residents use municipal water supplies with ground water sources.  The remaining residents draw ground water from individual wells.  Ground water quality is commonly hard to very hard (a measure of calcium and magnesium) and has a high concentration of iron and nitrate.

Many of the geologic formations with the highest potential ground water yields underlie the center of the county.  The quality of this water varies greatly, but is commonly hard to very hard.  Public officials and citizens should be aware of the great pollution hazard to ground water in the karst topography of limestone and dolomite formations under-girding the center of the county.

The volume of water stored in the ground is many times greater than in the surface bodies. Only two geologic formations, the Beekmantown and the Shady, can be considered as important sources of ground water. 

 Three sections of Page County are described below in relation to ground water characteristics:

1. Eastern Section
Because the igneous and metamorphic rocks along the crest and west slope of the Blue Ridge are fairly impermeable, wells drilled there generally have low yields. Most of the wells along the west slope of the Blue Ridge are from 50 to 300 feet deep.  About half of the wells in this area have yields ranging from 0 to 10 gallons per minute (gpm), and about one-third 10 to 35 gpm.  These wells provide sufficient water for domestic use.  In the Skyland area, wells that penetrate the Swift Run formations between Little Stonyman and Bushytop generally have good yields.

2. Central Valley
The wells in this area tend to be deeper than those in the eastern section, ranging from 60 to 600 feet. Of the 76 recorded wells in this area, most yield less than 10 to 20 gpm.  Five have yields greater than 100 gpm.  The water from most of these wells is hard due to limestone geology.

3. Western Section
The wells in much of this area are fairly shallow (75 to 100 feet deep) and generally yield less than 10 gallons per minute. However, along the eastern front of the Massanutten Mountain, wells in deep gravel yield from 10 to 20 gallons per minute. The water is generally soft. Wells in the sandstones and shale of Massanutten Mountain are generally less than 75 feet deep and furnish enough water (3 to 5 gpm) for domestic use.

Policy Implications of Ground Water Characteristics

Two major factors influence the use of ground water in the County. The first is the absence of major water-bearing rock formations over much of the land area. The current pattern of scattered development will threaten  our few good aquifers.  
The second factor is the presence of Karst topography in the areas of the greatest ground water yields.  As noted [earlier], carbonate rocks have numerous open channels from the surface (sinkholes) that connect to an underground stream network.  Sinkholes are the primary access for the recharge of ground water into the network.  The presence of septic tank systems draining directly into the bedrock and the sub-surface streams, or any activity that pollutes this recharge, could affect a large land area.

Industry, scattered developments (through ground water pollution), and dense development (through runoff) will increase the future potential for ground water deterioration.  Increased development throughout the county will increase the problems of storm water management and non-point source pollution.  Agriculture, forestry, recreation, and low-density developments pose minimal danger to groundwater resources in areas of limestone and dolomites.  Industry and urbanization pose high risks of ground water contamination.
Policies should be developed for storm water management, flood and erosion control, riparian buffer zones and on-going surface and ground water management.  Preservation of the county’s water quality is recommended through local adoption and compliance with the State’s 208 Water Quality Best Management Practices Handbooks, and compliance with the State Water Control Board’s standards and regulations, and the Page County Sedimentation and Erosion Controls.

In addition, all prospective land uses should be examined and evaluated against the degree to which they pollute ground water resources.  Those that do should be prohibited or carefully regulated.  It is wiser to guard against contamination of the ground water resource in the first instance than have to engage in long, extensive rehabilitation measures after the damage has been done.
Caption under the photo:  ‘One of the many beautiful Page County Farms with the Blue Ridge Mountains in the background’
CHESAPEAKE BAY AGREEMENT

Though Page County is over 100 miles from the Chesapeake Bay, the quality of our water here greatly affects water quality in the Bay.  This is because Page County is part of the Chesapeake Bay watershed.  A watershed is an area of land that drains to one point.  In Page County, our streams drain to the Shenandoah River, which empties into the Potomac River, which flows into the Chesapeake Bay.

At one time, the Chesapeake Bay was considered to be the richest seafood estuary in the world.  However, in recent years, the once abundant aquatic resources of the Bay have been seriously degraded.  According to the Chesapeake Bay Foundation, between 1900 and 2000, the oyster harvest was reduced by 75%, dropping from 16 million bushels to 40,000 bushels.  This decline is largely attributed to excess nutrient and sediment loading from within the Bay watershed.  There have been other signs of environmental degradation in the Bay including declines in the abundance of aquatic grasses, which are important habitat for juvenile fish and other aquatic organisms.  As a result, the states of Virginia, Maryland and Pennsylvania, along with the District of Columbia worked together to establish the Chesapeake Bay Agreement, which was completed in 1983 and revised in 1987 and 2000.  In this agreement, the signatories committed to work towards the goal of restoring the Bay to “a system with abundant, diverse populations of living resources, fed by healthy streams and rivers, sustaining strong local and regional economies, and our unique quality of life.”  Currently, Virginia and other Bay watershed states are working to reduce nutrient and sediment loads to the Bay in order to meet pollutant “caps” or limits established in the Chesapeake Bay Agreement.

UPCOMING STATEWIDE REGULATIONS:  EFFECTS ON PAGE COUNTY 

Nutrient Trading:  According to the Department of Environmental Quality which is overseeing this program, the overall goal of the regulation is to cap nutrient loads from point source dischargers (waste water treatment plants) to meet certain aspects of the Chesapeake Bay Tributary Strategy.  It is hoped that a nutrient trading program will encourage implementation of the most cost effective methods of nutrient reduction.

Water Supply Planning:  Requires that all local governments prepare a water supply plan. Regional plans are encouraged.  Page County is participating on the Regional Water Resources Policy Committee which is comprised of representatives from each of the 9 counties and 4 independent cities in the Shenandoah Valley.  The State regulations encourage regional planning, allowing regional efforts more time to develop their plans and by offering grants to assist with plan development.   The Regional Water Resources Policy Committee has begun collecting the information needed to submit a regional plan.  Included in the plan will be such things as a description of existing water sources, existing water uses and existing water conditions, projected water demands, water management actions (e.g. drought response), alternatives to address water supply deficits, etc. 

Stormwater Management Plans:  According to the Department of Conservation & Recreation, this program seeks to protect aquatic resources and properties from damage caused by increased frequency, volume and peak rate of stormwater runoff. Also, it ‘seeks to protect those resources from increased nonpoint source pollution carried by stormwater runoff’.  Storm water management has been recognized as one of the most cost effective methods of reducing nutrient run off from developed areas in both urban and rural settings and all Virginia localities will be required to implement a storm water management program.

Virginia Sediment & Erosion Control:  The law (in effect currently) applies to any land disturbance greater than 10,000 square feet.   Check with the Page County Building & Zoning Department to make sure you have the correct permits and are following the correct procedures before beginning a construction project that involves land disturbance greater than 10,000 sq.ft.
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There are many great websites and we encourage everyone to seek out the information which is available regarding water issues.  Below is a list of several additional sites which we recommend:

www.purewaterforum – the Pure Water Forum

www.canaanvi.org – Canaan Valley Institute

www.fosr.org – The Friends of the Shenandoah River

www.valleyconservation.org – Valley Conservation Council

www.nps.gov – National Park Service – Shenandoah National Park
Dear Reader,

     We thank you for taking the time to read through this information on Page County’s water resources.  As we face the future, the dangers to our water quality and quantity grow.  But so does our knowledge and awareness of how to protect our water resources. 

     For instance, the correlation between air quality and water quality is becoming more apparent.  We are realizing that our waste water treatment plants cannot filter out the pharmaceuticals which we are ingesting and that this may be affecting water quality.  We are also becoming more aware of how vulnerable we are to introduced pathogens and exotic invasive species.

      We are very fortunate to live in the heart of the Shenandoah Valley with its unique karst topography, peaceful farmland and with the Shenandoah River and all of its abundant tributaries.  We are also fortunate that in Page County, many of our headwater streams are protected as they lie either in the George Washington National Forest to the West or the Shenandoah National Park to the East.  However, if we do not protect our surface water through sound land use practices, our ground water, on which we rely for our drinking water supplies, will likely become polluted. 

     Planning for growth and guiding development is crucial to protecting our water quality.  We have the opportunity to gather information and make changes to protect our water – as individuals, communities and as members of larger watersheds.  We are part of the whole. As you go about your daily life, be grateful of the beauty and abundance we have.  But also, be aware that protection is much cheaper than remediation and it is everyone’s responsibility.

     This booklet covers only a part of all the issues surrounding water.  There are many groups and organizations which are furthering our knowledge such as the Friends of the Shenandoah River, the Pure Water Forum, the Regional Water Resources Policy Committee and the many individuals who devote their time and energy to ‘taking care of the water’.  

     We thank everyone who contributed to this publication; we would love to hear from you.  If you have any questions about this booklet or have suggestions or concerns about Page County’s water, please call the Page County Water Quality Advisory Committee or the Page County Department of Environmental Services at (540) 743-4808 or visit our website at www.countyofpage.virginia.gov/departments.

Page County Water Quality Advisory Committee

Page County Department of Environmental Services

PLEASE RECYCLE THIS BOOKLET BY PASSING IT ALONG TO SOMEONE ELSE!!

“In the end, our society will be defined not only by what we create, but by what we refuse to destroy” Nature Conservancy’s John Sawhill

This document was prepared by the Page County Department of Environmental Services and the Page County Water Quality Advisory Committee.  This project was supported with funding from Environmental Protection Agency’s Chesapeake Bay Program through the Department of Conservation and Recreation.  

Funding also provided by the Shenandoah Basin Project whose partners include:  the Pure Water Forum, the Canaan Valley Institute, River Network & the Virginia Izaak Walton League Save Our Streams.
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