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PURPOSE
The purpose of this study is to identify any opportunities for restoration and community education on the Tye River. The Tye River is located in Nelson County, Virginia and its headwaters are located in the Blue Ridge Mountains. Because this natural resource provides recreation, sustenance and aesthetic appeal to the residents of Nelson County, it is important that the river be monitored for its quality and sustainability. Although this study is not intended to determine specific water quality issues nor the actual biology of the wildlife in and around the river, it is intended to identify the opportunities for future research to gain a more narrow perspective on particular water quality and bank stability issues facing the Tye River. This study is also to be one of the many beginning steps to bring more community awareness to the abundance of natural resources in Nelson County. The Tye River is home to many different wildlife species, community establishments and is a reliance for many agricultural practices, which was observed as a major land use along the river. Because these three factors are important in a rural community such as Nelson County, it is imperative that the residents and visitors alike are able to gain a better understanding of the many benefits and offerings of the Tye River. 
The development of this project was based on a visual survey. The Tye River was observed by boat where navigable and on foot where the water level and stream bed construct prohibited boat travel. Waypoints were recorded using a GPS navigation system and descriptive data was recorded about the documented waypoint. These data are attached as spreadsheet to this report.  

The Rockfish Valley Foundation (RVF), a 501(c)3 non-profit organization and Friends of the Rockfish Watershed(FORW) are both riverkeeper organizations in Nelson County, Virginia. The Rockfish Valley Foundation aims to “preserve the natural, historical, ecological and agricultural resources of the Rockfish Valley…” all of which are key components of Nelson County. Furthermore, the Friends of the Rockfish Watershed intend to “safeguard the health, scenic beauty and cultural heritage of the Rockfish River and its watershed.” They propose to do this by watershed education for the public. Both organizations have been successful in providing public education in environmental stewardship. Although RVF and FORW are based in the Rockfish Valley, they are adamant about the protection of all of Nelson County’s many precious resources. One of the County’s most valued resources is the Tye River. No organization has been established to oversee the health and state of the Tye River. Both RVF and FORW are interested in incorporating the Tye River into their preservation efforts. 

In June 2009 The Rockfish Valley Foundation received funding from the Chesapeake Bay Restoration Fund to perform a visual survey of the Tye River. The RVF has provided many tools, tangible and educational, to aid the Tye River study. The FORW’s members of the board were of immediate service to provide maps, river education and suggestions for the final report. The Nelson County Extension Service was also available as a resource and assisted greatly with the proposal to receive grant funding.   The study was performed by two University of Georgia graduates and Nelson County residents. The basis of this study is to identify any possible opportunities for restoration or future studies on the river and also to provide feedback as to the current state of the river. The history, the current state and the opportunity for future analysis of the Tye River are outlined in this project. The following report contains background information on some of the most prominent issues facing the Tye River. Included in this report are summaries of data collection from state government agencies as recent as 2009 to provide a baseline health assessment of the river. However, constant monitoring and future studies would present more accurate information to the public concerning the health of the river. Recommendations for future studies and for public education are included throughout this report. The RVF and FORW can be contacted regarding this study and they can also offer more resources for obtaining further information on the Tye River.
The Tye River begins in the Blue Ridge Mountains near Montebello, VA and it flows into the James River at Norwood, VA. The James River spans the width of the state of Virginia making the Tye River an important tributary to the communities along the James. This study began at Lat. N37 50.289/ Lon. W79 01.357. At this point the river flows under a suspension bridge that is part of the Appalachian Trail (AT). This is a very popular spot for tourists, day hikers and of course the many AT through-hikers that pass through in early summer. The reason for beginning at this point was based on accessibility. The upper reaches of the Tye River are difficult to access by boat or by foot. The North Fork has very few developed, residential or agricultural areas. The North Fork was excluded from this study due to accessibility limitations and because it appears to be in no need of immediate attention. However, a study that is focused solely on the North Fork should be considered in the future. Details of this recommendation can be found in the last section of this report. The visual survey extended from the suspension bridge to the confluence of the Tye and James River. Facets of the river that were taken into account were the bank stabilization, significant erosion, buffer zones, the proximity of residential properties and other infrastructure within a close range of the river. The wildlife and general appearance of the river was documented. The data collected provided an initial introduction of the river to the principle investigators. The breadth and depth of the river was not fully explored in this study. The principle investigators have used their knowledge obtained through data collection to research the different aspects of history, water quality and to suggest future research. The following is a report containing background information on some of the most important aspects of the Tye River.    
HURRICANE CAMILLE
The Tye River in Nelson County, Virginia saw a rapid uprising in its water level in August of 1969. Camille’s rains were estimated to be between twenty-five and thirty-five inches. The Tye River rose high above its banks and engulfed the entire communities of Massie’s Mill, Tyro, Lovingston and over the mountain to the Rockfish Valley. The river’s force destroyed bridges, swept away homes and dislodged trees and other debris and carried it for miles(Pollard). Many lives were lost that day and those who survived often recount the events of the day at an annual memorial service held in Massie’s Mill. The flood that occurred could be compared to no other in history. 

After the rains retreated the community began reestablishing itself. Houses went up within a day and buildings saw life again (Pollard). The Tye River was left with no path to follow. In order to give the river a course to run, the Army Corps of Engineers implemented a channelization project, quickly dredging straight stream beds. The effects of this project will later be discussed with regard to erosion.
HISTORY

THE BLUE RIDGE RAILWAY
A railway system once ran through Nelson County in the early 1900’s. The Blue Ridge Railway was established in 1915 to run along the Tye River and haul harvested Chestnut trees to the surrounding mills. The railway ran from the Tye River depot to Massie’s Mill and often went into Lowesville and sometimes into the mountains. The transport of lumber was stalled during WWI, as hauling lumber in this area did not contribute to the war effort. After the war, the railway resumed operation but the Chestnut tree had been hit with a blight that eventually wiped out the entire population (Pollard). The Chestnut tree has never fully recovered from this blight. Many programs are currently underway to try and reestablish the once abundant species.  A passenger service began on the Blue Ridge Railway and ran until 1936. The blight and the end of the passenger service nearly shut the railway down (Pollard). However, the railway was repopulated with trains when a company named American Cyanamid began extracting Titanium Dioxide from the Piney River area in Nelson County. Several other companies used the railway system while extracting Aplite from the area until the late 60’s. The railroad officially closed in the late 1970’s (Pollard). 
AMERICAN CYANAMID
American Cyanamid was the largest company to use the land around Piney River. It created a transport boom and an industrial uprising in its inception in the 1930’s.  Along with the railway and many other surrounding businesses the plant shut down in 1971 never fully able to recover from the devastating effect on the area from Hurricane Camille. American Cyanamid created jobs and a flourishing economy in the small town of Piney River, Virginia. The closing of the plant saw an exodus of people and money from the community but most important was what the plant left behind (Johnson).

American Cyanamid manufactured Titanium Dioxide which is used in paint, chalk and other heavily used products in the U.S and abroad. The highly acidic, Ferrous Sulfate is a byproduct of the manufacturing that took place at the American Cyanamid plant in Piney River. This harmful remnant of Titanium Dioxide, along with several other heavy metals, was found on the 50 acre site of the American Cyanamid plant years after the plant was abandoned.  The pollutants were found in settling ponds, wastewater lagoons and waste disposal areas. The site was proposed in December of 1982 to the Environmental Protection Agency (EPA) to be added to the National Priorities List (NPL). The NPL contains sites that are seen as the most serious and uncontrolled hazardous waste sites which should be eligible for federal funding for clean-up, these sites are commonly referred to as “Superfund Sites.”  The Piney River site was formally added to the National Priorities List on September 8, 1983. While some discussion took place as to who would take responsibility for the clean-up, the successor to American Cyanamid, Cytec Industries, Inc. eventually agreed in 1991 to perform the necessary clean-up on the full 50 acres. EPA conducts a review of the Cytec’s clean-up progress every five years. No inconsistencies have been found as of yet and the next scheduled review is in March of 2010. In previous testing, some chemicals were found both on the former plant site and on adjacent property not used by the plant. These potential contaminants were found after routine clean-up had been conducted, but the findings were not linked to neglect on the part of Cytec Industries. The contaminated area is large and natural occurrences have caused the pollutants to spread to other areas. No immediate concern is issued in the contamination of drinking or recreational waters for area residents. As of present day, the contaminants have been controlled and are being properly handled by Cytec Industries, Inc. (EPA). Above and below ground the contaminants were being carried into the river and subsequently coming in contact with humans and surrounding wildlife. Stormwater runoff would pick up the contaminants as the water flowed straight into the Piney River. Groundwater was soon contaminated as the pollutants penetrated through springs and seeps, all flowing into the Piney River. The Piney River is a major tributary of the Tye River, therefore, contaminants in the Piney River will soon be present in the Tye. The movement of the chemicals from the former plant site into the Piney River created unfavorable conditions for all of the Piney and Tye Rivers’ aquatic life. Because of the heavy pollution carried in by stormwater runoff and groundwater seeps, six major fish kills were recorded from 1977 to 1981. An astonishing 200,000 fish have been killed as a result of chemical contamination in the Piney and Tye Rivers. These major fish kills brought the much needed attention to the rivers and could be seen as a prime factor in the decision to begin clean-up of the abandoned plant site (EPA). 
DAM REMOVAL AND FISH POPULATIONS

FISH POPULATIONS
The fish species that inhabit these waters are both anadromous and catadromous. Catadromous species live in freshwater and go to salt water for spawning. Anadromous are the opposite only visiting freshwater for spawning. Therefore the free flowing water of the Tye is very important for the reproductive cycle of certain fish species (Service). 
Historically Shad, a popular game fish, was found in the James River and according to Alan Weaver of the Virginia Department of Game and Inland Fisheries Fish Passage program, a shad hatchery was, at one time, near the mouth of the Tye River at Norwood. Shad, an anadromous species would travel to the inland rivers for spawning. This migration was stalled for many years when a mill dam was built on the Tye River. The dam was located just 13 miles upstream from the confluence of the Tye and the James River (Blakenship). Dams and urban construction led to a near depletion of this important fish species. The number of shad got so low that recreational fishing was halted in 1994 in order to allow the population to restore itself. The Virginia Department of Game and Inland Fisheries (VDGIF) took this population restoration one step further by establishing a hatchery stocking program and tagging individuals for future monitoring. The fish are being raised in the Pamunkey River and being released into the James River. Dam removals have been instrumental in restoring the habitat for shad. The results of the VDGIF monitoring programs have been positive (Fisheries, On the Road to Recovery: American Shad Restoration). With the history of the species’ presence in the Tye and the removal of the Quinn Dam in 2007, it is hopeful that the population will one day return. 

Some of the fish species found in the Tye in present day are American eels, small and largemouth bass, and native mussels. The American Eel is a catadromous species. It comes to the Tye and the James River to mature and then returns to the Sargasso Sea (Fisheries, Virginia Fishes). The Sea Lamprey is a species that has been long associated with invasive species control programs in the Great Lakes. In the Great Lakes region the Sea Lamprey has been a detriment to native fish species (Commission). However, in the rivers of central Virginia the Sea Lamprey is actually a native species. According to Alan Weaver of VDGIF, in recent fish counts Sea Lamprey has been found in the Tye River. The Sea Lamprey is native to Virginia’s coast. It is an anadromous species and return to Virginia rivers for spawning. This fact is not well known and, unfortunately the Sea Lamprey is most notable as an invasive species. Many efforts have been taken to control the Sea Lamprey in the Great Lakes area, as it is associated with the destruction of natural, native fish habitat. In this area, however, the Sea Lamprey should be identified as a native species.   
QUINN DAM REMOVAL
The Quinn Dam, located 13 miles upstream from the confluence of the James and Tye Rivers was not in great shape and served no purpose in the present day. The family that owned the dam requested that it be brought down. Many community members, local interest groups, adjacent property owners and the VDGIF supported the removal of the Quinn Dam.  In 2007, they worked together to have the abandoned dam removed (Organizing). The removal of the dam made the river more accessible for recreational uses and would hopefully see the return of the migratory fish that once inhabited these waters. 
Removal of the Quinn Dam brought about a lot of change to the section that once housed the dam. While in place, the dam had a hole in it which channeled the water running through it to one side. This, in turn, quickly eroded one side of the riverbank. Removing the dam gave the water a wider course to run which stopped the one-sided bank erosion. Previous to the removal, expectations of restored fish habitat were hopeful. Currently there is no on-going fish monitoring on the Tye Rive but VDGIF agreed to perform fish monitoring before and after the removal to note any immediate change in the river. The hole in the dam allowed some of the water to flow through, which prevented large amounts of water to pool. However, where some pools had been established, silt and other finer materials had accumulated. Monitoring after the removal showed that those material were gone leaving a more natural substrate. The pre-dam removal monitoring first took place in April of 2007 and again only above the dam in June of 2007. The VDGIF used large tote barges to navigate the waters and sample both above and below the dam. Electrofishing was the survey method used in June of 2007 and June of 2008. This method is the most humane and effective way for tagging and monitoring fish species. The fish were identified to species, measured in length and weight and tagged and released. The species were entered into a spreadsheet for comparison with post-dam removal data. The post-dam removal sampling occurred in June 2008. Many of the same species were found. The sampling took place fairly soon after the dam was removed, which did not allow much time for long-term habitat restoration. However, it is expected to see long-term benefits in the way of anadromous and catadromous species that once inhabited these waters but were not found in pre or post-dam removal sampling. The acquired data will be entered into the VDGIF Warm Water Streams database. Although no immediate benefits were seen in fish habitat, the monitoring did identify opportunities for the potential of restored habitat and the possibility for future monitoring to document any long term benefits from the removal. The VDGIF plans to do follow-up monitoring in 2010 or 2011. Two additional sites are identified but have not yet been monitored. These sites are a further distance from the dam site and will potentially be included in future monitoring (Personal Communication with Alan Weaver, DGIF). 
WOOLEN MILLS DAM REMOVAL
A similar, but much more involved dam removal took place on the Rivanna River at Woolen Mills Dam. Although there was some controversy, this dam removal was also condoned by the owners of the dam and many adjacent landowners. The Rivanna Conservation Society worked for seven year in planning and deliberating the removal of the Woolen Mills Dam. Rapid restoration of shad and other migratory fish species habitat was expected following the removal of the dam. The University of Virginia graduate program, commissioned by the Rivanna Conservation Society, is currently monitoring the river for the before and after effects of the dam removal. A report documenting their findings is expected to be published in late 2010 or 2011 through the University of Virginia and U.S. Fish and Wildlife Service (R. C. Society). 
MONTEBELLO STATE FISH HATCHERY
Near the headwaters of the Tye River is one of VDGIF’s most important facilities, the Montebello State Fish Hatchery. This is the smallest trout hatchery in the state, but because of its location, draws the largest number of visitors. Virginia’s Urban Fishing Program relies on the Montebello hatchery as its main source of trout. Brook, rainbow and brown trout are grown in mass quantities and used to supply the Urban Fishing Program as well as the local popular trout fishing waterways like the Tye. The Tye River is noted as one of the best places in Virginia for fly fishing. The river is stocked by the Fish and Wildlife Service with trout six times between October and May. The area of the river that has been stocked is denoted with a sign (Fisheries, 2009 Catchable Trout Stocking Plan). 
In 2005, the United States Fish and Wildlife Service (USFWS) did a study on the economic benefits of stocking rivers. Most economic return is generated by recreational fishing provided by stocking. Hatcheries are often owned and operated by state or federal agencies. Many of the hatcheries are established to rehabilitate populations that have been minimized due to dam construction or other obstructions in the river. The local and regional economies have benefited from these restoration efforts by increasing the recreational opportunities on the river. Some facilities put their efforts toward endangered species or other aquatic species that may be suffering from a lack of ecosystem diversity or stability. The general outcome of the study showed that local economies saw economic return from recreation, tourism and the creation of jobs. Anglers also provided an economic stimulant by purchasing gear, licenses and local goods (Caudill). Many people take part in fishing this river either by boat or along the river banks. In this case, the health of the waters and the aquatic life in the water become very important to the local recreationist. 
RECREATION


VIRGINIA BLUE RIDGE RAILWAY TRAIL
In 1997 a group of local citizens became interested in an abandoned railway that ran along the Tye River and one of its tributaries, the Piney River. With the help of several local interest groups and the Virginia Department of Transportation, the abandoned railway was transformed into a multi-use trail. The trail, in its first stage, ran from the Piney River Depot to Roses Mill Road in Piney River, Virginia. This is a 1.8 mile flat stretch that follows the Piney River. The Virginia Department of Transportation’s Enhancement Program offered a $275,000 grant to begin construction on the first phase of the trail in September of 2002 (Trail). The opening of the recreational area was well received by the public and planning for the second phase began. The second section of the trail, which opened in 2008, meanders along the river for another three miles, ending at a foot bridge over the Piney River (Trail). Currently, the trail is closed for public use beyond this point. However, considering the pending approval by the Virginia Department of Transportation, the next section of the trail should be open for use in the near future. The third section runs another two or more miles crossing the confluence of the Piney and the Tye Rivers and continuing on past the Route 29 Bridge making its way to the town of Tye River, Virginia. The end portal is still being discussed as there is neither defined parking area nor designated outlet in Tye River, VA. The trail winds between forested land and the river, at times approaching farmland. The owners of the land adjacent to the trail have been instrumental in seeing the project through to fruition. The original suggestion for the trail was highly supported by Steve and Popie Martin whose property lies at the end of the second accessible section. The trail runs through two counties, Amherst and Nelson. This has been purely beneficially in the acquiring of funds, trail maintenance and trail planning. Bob West, a board member for the Virginia Blue Ridge Railway Trail Foundation, says that having the two counties working together has made things easier in getting things started. Amherst and Nelson County governments have worked together to raise funds for the trail. Each county does their share to maintain the trail on their respective sides. The trail allows many different types of recreation such as walking, bike riding and horseback riding. Aside from the Rockfish Valley Trail System near Nellysford, VA, the Virginia Blue Ridge Railway Trail is one of the few places in the Nelson and Amherst County areas that is flat as opposed to the many rolling hills in other areas of the counties. The latter can pose a challenge for many recreationists and can often discourage people from using trails. The Virginia Blue Ridge Railway Trail provides an easy path for mothers with strollers, beginning hikers or those who have restricting recreational needs. Although the initial stages of the trail have been shaped by public opinion, no official survey has been done to find the needs and opinions of the trail users and local community members. Recreational areas rely heavily on its users and their perception of the area. In order to provide the utmost in outdoor recreation for Amherst and Nelson County residents, an assessment of public opinion is necessary. 

COMMUNITY RECREATION ACTIVITIES
Other forms of recreation such as canoeing, kayaking and swimming are also very prominent on the river. The Nelson Area Paddlers and The Nelson County Recreation Department sponsor a canoe race on the Tye River each year. This race is open to any level of participants and accommodates accordingly. There is a picnic and awards ceremony that follows the race. It is a full day of summer fun for any level of paddler in or around Nelson County. More can be found about the race at www.nelsoncountyva.org/NelDRace/Race09/Race09.htm. Also sponsored by the Nelson County Recreation Department is the Piney River Mini-Triathlon. Taking place each spring, the mini-triathlon allows for area residents to have some competitive athletic fun while utilizing the local natural resources and recreation areas. The mini-triathlon takes place on the Virginia Blue Ridge Railway Trail. More about the race can be found at www.nelsoncountyva.org/PRTriath/Race09/Race09.htm. 

RIVER ACCESS
On the Tye River, there are both private and public river access points. The majority of points identified during the visual survey were private. Some access points had small footpaths leading through the woods and to the water, some were cleared to provide a beach-like area and others were more developed.
Of the many private access areas, most were found to be free of litter and debris and to be well maintained with regard to river stewardship. However some sites were obviously more frequently used and had litter in abundance. Only one site was noted as having graffiti which is a sign of public use and considered an eyesore for recreationists. Some riverkeeper groups around the country have formed clean-up crews to remove graffiti from the rocks on the banks of rivers. Wildplaces, a non-profit organization in California organizes the Rio Limpio, or Clean River, every year to pick up trash and scrub graffiti off bridges and rocks. Local citizens help to clean the banks of the Tule River and learn about conservation of their local watershed (Places). The same type of activity took place closer to home at the James River State Park. This clean-up was organized by the Friends of James River Park, City of Richmond Parks, and the Richmond Police to clean some unsightly graffiti that appeared near a popular reflection spot on the James River (Heights). Families were seen fishing, men and women were lounging on the banks and two people were seen with tubes, intending to ride the river for miles. This local resource appears to be well respected and frequently used during the summer months. A study on the actual frequency of use and the specific activities preferred on the river could lend more information to state agencies and riverkeeper groups involved with the maintenance of the river.    
MONITORING THE TYE RIVER
To assure that the water is safe for recreation and the many domestic uses of the river water, the Department of Environmental Quality (DEQ) performs water quality monitoring on the river. The monitoring is either pointed or done at random. Citizens can submit requests for certain areas of the river to be tested (Quality, My Citizen Nomination Sites 2008). Also, before issuing a permit for either agriculture or industrial construction the DEQ will perform a test of water quality for that specific site and determine whether the site is in need of a Toxics Monitoring Program which implements frequent biological testing to assure that the establishment of the infrastructure is not having any negative effects on the aquatic life (VPDES). The DEQ also adopted a program called Probabilistic Monitoring to obtain water quality data at random.   

Probabilistic Monitoring is a program developed by the DEQ in 2000 and began testing in 2001. Probabilistic Monitoring uses targeted testing stations to assess biological, chemical and physical aspects of water quality in Virginia’s river system regardless of the current health of the river. The stations sample water quality, with the testing site being chosen at random by a computer program. Probabilistic Monitoring was established in efforts to provide Virginia citizens with an ongoing update of the overall conditions of their local rivers (Quality, Probabilistic Monitoring). The Tye River probabilistic monitoring station is 1/3 mile downstream from Route 654 where data is collected at random (DEQ BioMon Station Info). The results from the random testing will be used to supplement Total Maximum Daily Load (TMDL) studies. There is a threshold for the amount of pollutants that a particular ecosystem can tolerate.  The TMDL limits are established according to the needs and of the aquatic life in the estuarine habitat. Factors such as the size of the body of water, the velocity and the average amount of discharge, and point and non-point source pollution that affects the river are all taken into consideration during TMDL studies. (Quality, TMDL Development). 

Each state has its own set of parameters for determining TMDL standards for its particular bodies of water (Miller 2006). Total Maximum Daily Load is determined for rivers that are considered impaired waters in Virginia. The Clean Water Act section 305(d) requires that all states establish a biennial report containing a full assessment of the quality of all navigable waters in the state. From the data collected in this report an alternate list of impaired waters will be developed. This Impaired Waters List section 303(d) of the Clean Water Act identifies any navigable waters that pose a threat to the aquatic life, recreation and any possible consumption of the water directly or through the consumption of the aquatic creatures harvested from the body of water. The intent of the Impaired Waters List is to make the obtained data available for public knowledge and ultimately to develop TMDL standards for the impaired body of water. Also the state is required to perform consistent testing to assure that the quality of the water is improving and provide a report accessible to the public to inform of the most current state of the estuarine environment (Quality, Inventory Report to Congress). 

The Tye River along with two of its major tributaries, the Piney River and Ruckers Run are listed on the impaired waters list for 2008. The Tye was first listed as impaired in 2004 for Fecal Coliform at two different mile markers; one at 18.26 miles downstream and the other at 7.61 miles downstream of the headwaters. E.Coli is the other major problem found in chemical testing on the Tye. E.Coli, which by DEQ standards has been lumped into the category with Fecal Coliform, was first found to be a problem in 2004. It was found again at the same mile marker, 7.61, and at mile 8.33, less than a mile downstream in 2008. The TMDL development date is listed as 2016 for mile 7.61 and the development date listed for mile 8.33 is 2018. The TMDL development dates set a timeline for DEQ. Monitoring of these particular sites will begin approximately two years before the determined development date. This will give the department time to collect the most accurate data and to determine any changes to the water quality following its listing. From the data gathered, a TMDL plan will be developed and instituted on the impaired waterway. Monitoring on the Tye River has historically taken place at several different sites of the river. In 2008, DEQ discontinued testing at all but one site. The site that remains is at the Route 29 Bridge at the county line of Nelson and Amherst. Testing on other sites will resume in 2013 and the data gathered will supplement the monitoring data from the TMDL development plan (Personal Communication with James Beckley ‘DEQ’). Recreation is noted as the impaired use as a result of the Fecal Coliform. The Piney River, Buffalo River and Rucker Run are all tributaries of the Tye River. The Piney flows into the Tye at waypoint 110 in Section 3 and at waypoint 154 in Section 6 Ruckers Run converges with the Tye River.
TESTING THE HEALTH OF A WATERWAY

PHYSICAL ASSESSMENTS
Several tests can be done to determine the health of a waterway. Physical assessments involve examining properties such as the sediment and substrate in the river, the temperature of the water, and the channel structure. Erosion can lead to an excess amount of soil entering the waterway. This can alter the turbidity of the water. The turbidity is a measure of the amount of light able to penetrate the water surface. Turbidity is an important physical property because the amount of light reaching the riverbed will directly affect the temperature of the water. A river must maintain its temperature levels to accommodate aquatic organisms in reproduction and oxygen demand and ward against the growth of disease-causing agents. The banks of the river play an important role in containing the water during flooding and providing a path for the river to run. Heavy erosion, unstable banks and man-made structures create poor conditions for the wildlife on the edge of the river as well as the aquatic life within the river. These parameters must be evaluated periodically to assure that the river is physically capable of sustaining a diverse ecosystem (Miller).  
BIOLOGICAL TESTING
Biological testing involves macroinvertabrate surveys, testing for pathogens such as fecal coliform and identifying invasive species in or around the river. Invasive species are an indication that the water quality itself may not be bad, but the health of the ecosystem as a whole could be suffering. Natural, native species lack the ability to compete with some non-native species. An ecosystem dominated by non-native species will not function properly (Miller). Pathogen tolerance for waterways is determined at the state level. The TMDL standards developed for the Tye will define the amount of pathogens acceptable for this river. The Macroinvertabrate assessments identify indicator species. These aquatic species have very particular habitat requirements. The presence of macroinvertabrates that are sensitive to adverse conditions in the water indicate that the water is in good health. Another factor in water quality is the chemical health of the river.    
CHEMICAL TESTING
Chemical parameters tested are pH, Dissolved Oxygen, Biological Oxygen Demand, nutrients such as phosphorus and nitrogen, toxics, and total dissolved or suspended solids (Miller). The Tye River, during monitoring by the DEQ, was tested sporadically for all of these properties. However, at every site dissolved oxygen and pH were tested. In some areas the pH was found to be 6.0 which is acidic (Tye River Data, DEQ 2000.2009). The trees and soil near the water could be the cause for the lower pH level, in that conifers produce high levels of organic acid during decomposition and some soils, like clay, are naturally acidic (Miller). The pH, on occasion, was tested as high as 9.0 (Tye River Data, DEQ 2000.2009). This could be due to the high algal concentration in the water. During the day, when algae is in photosynthesis it uses carbon dioxide which raises the pH. This pH level will drop during the night as the algae respire (Miller).  
Dissolved oxygen (DO) describes the oxygen available in the water. Many factors contribute to the level of dissolved oxygen like water temperature, sediment in the stream and the respiration and photosynthesis taking place in the water. Dissolved oxygen is measured in milligrams per liter. A good level of DO is 5mg/L and above. It should not drop below 1-2 mg/L for more than a few hours. Low levels of DO is referred to as hypoxia (Resources, Dissolved Oxygen). Hypoxia is a condition that has been intensively studied in the Mississippi River where the river meets the Gulf of Mexico. A large amount of algal masses has been associated with hypoxia in the Mississippi River (Council). The Chesapeake Bay has also experienced low levels of DO. The lowest levels have been recorded during the summer and at the bottom waters. High levels of algae have been associated with the Bay’s low levels of DO. Algal masses can directly affect the DO content in the water by producing oxygen during the process of photosynthesis and then using all the produced oxygen during non-daylight hours. The algal cells use even more oxygen during decomposition. Therefore, large quantities of algae can have a negative effect on the entire body of water. DO levels, for this reason will be lower at the bottom of a river bed. Since 2000, DO in the Tye has not dropped below 7.0 mg/L. Available oxygen lower than that could be a potential threat to the trout population, which prefers DO levels to remain above 6.0 mg/L.  The highest that the DO in the Tye River has reached is 16.7mg/L. These test results indicate that the Tye River has favorable conditions for aquatic life regarding oxygen availability (Tye River Data DEQ). 
RUNOFF AND NON-POINT SOURCE POLLUTION
In order to develop TMDL’s or acceptable levels of contaminants in public waters, the pollutants must first be identified within the water as well as the source that generates the pollutants. Two major classifications of pollutants are point source pollution and non-point source pollution. Point source pollution is that which can be identified directly from the source. Non-point source pollution is more difficult to identify, as it describes those pollutants that come indirectly from industrial practices, residential discharge, and urban and agriculture runoff. Non-point source pollution is noted as one of the highest contributing factors to impaired waters (EPA, Polluted Runoff). In Virginia a watershed assessment of non-point source pollution was prepared by the Virginia Department of Conservation and Recreation (DCR) and the Division of Soil and Water Conservation (DSWC), collectively referred to as DCR-DSWC. In the conducted testing and identifying of non-point source pollution, three major contributors were selected and all pollution was categorized under these three sectors. Agriculture, urbanization and forestry are three general classifications of Virginia land use. Each land type was assessed for its runoff, small and large-scale practices and several other factors that may contribute to runoff or erosion directly affecting the quality of the adjacent waterways. Particular sites were the assessment was done were ranked according to the level of non-point sources of pollution that were found in the watershed.  The sites were categorized as constituents of High, Medium, or Low percentages of non-point source pollution. The Lower Tye River was assessed for its NPS pollution and found to be in the lower percentage ranking, thus posing little threat to that particular area of the Tye River (Quality, Nonpoint Source Assessment).
URBANIZATION
Urbanization is taking place all over Virginia with the Northern region seeing the first big boom and eventually moving down the state. Urbanization brings with it roads, sidewalks and parking lots, all of which are considered impervious surfaces in that water cannot penetrate the surface. When rainwater hits these surfaces, the build-up of toxins from typical human inhabitance is moved into the surrounding bodies of waters that make up Virginia’s rivers. (Quality, Nonpoint Source Assessment) Without the absence of impervious surfaces, water is able to more readily infiltrate the ground where the soil layers can act as a filtration system to break down many of the toxins before they contaminate the groundwater. 
AGRICULTURE
Agriculture is another major contributor to nutrient loading. Agriculture accounts for approximately 30 percent of Virginia’s land use. (Quality, Nonpoint Source Assessment) Nelson County ranks as one of the top agricultural counties in the state. In 2002, Nelson County was noted as having 456 working farms totaling over 84,000 acres of farmland (Agriculture Census). The most common nutrients used in agricultural practices are nitrogen, phosphorus and potassium, the former two being the most common contributors to aquatic pollution. Although these nutrients are necessary for the health of many of the living things on agricultural land, an excess amount of these nutrients can be toxic for some; most importantly, the aquatic life in Virginia’s waters. The nutrients are applied as fertilizers and also come in the form of animal wastes. (Quality, Nonpoint Source Assessment). 

Along with great commodities such as grapes and apples, cattle comprise one of the largest agricultural endeavors in the county. In 2004, there were 14,000 cattle in the county alone (Agriculture Census). The wastes of the cattle and other stock find their way to streams by way of runoff from rain and percolating into the groundwater. Both avenues will ultimately cause nutrient loading in the water and adversely affect the aquatic life. If the farmland runs directly to the edge of the river, cattle can sometimes be found in the river. This was witnessed once during the visual survey. The farmland was adjacent to a bridge and the cattle had to go down a steep grade to get into the river. There are several reasons why this may be consequential for the farmer. Pollutants from the road near the farmland will run into the river causing higher levels of toxins and adversely affecting the herd of cattle that is drinking the water and wading in the river. Also, the steep grade that the cattle must brave to access the river could be a potential danger, if not for heifers, for calves. This also causes erosion. With respect to water quality, the cattle in the river can cause pathogens or other contaminants to be carried down the river. Another site along the river had no cattle in it at the time, but had a barbed-wire fence that was posted in the river channel. The cattle had about 50 square feet of access to the river. The same consequences are found for this situation as well as the possibility of the fence getting washed away and the cattle having no barrier at all from the river. 

FORESTRY
Forestry practices also create surface build-up that is moved into the rivers. However, the condition generated by forestry practices is usually bare ground, exposing soil that can move in mass quantities into rivers creating an overload of sand, silt, and clay. This sediment loading can increase the turbidity of the water which consequently blocks sunlight from the underwater habitats. Aquatic life is dependent upon a certain amount of sunlight penetrating the surface of the water. (Quality, Nonpoint Source Assessment). One area of the Tye had obviously undergone recent land-clearing. The area has been left with bare soil which will cause sediment loading when the water level in the river rises. 
Agriculture, forestry and urban development all require land alterations that create disturbance in the soil. When the majority of the ground surface consists of loose soil or bare soil, the land is at a high risk for erosion. Erosion is both natural and human induced. Natural erosion is often slower and the process is only exacerbated during major weather events such hurricanes. Erosion caused by human activities occurs at a higher intensity and the results are more immediate. Farming practices historically led to major erosion events, but now with the knowledge gained from past devastating events, like the dust bowl of the 1930’s, more efforts are being placed on erosion control (Miller).  
In order to assure that erosion is controlled when land is being disturbed by farming, forestry or construction, government agencies have outlined the best possible ways that those who work on the land can work efficiently while minimizing the effect they have on erosion. These guidelines are called Best Management Practices, or BMPs.(Miller).  
BEST MANAGEMENT PRACTICES AND BUFFERS
Best Management Practices vary from state to state according to each state’s individual standards. Virginia outlines some of the most problematic aspects of construction, forestry and agriculture and subsequently makes suggestions to control these problems.  Sedimentation and nutrient loading, as noted before, pose significant problems during land disturbing events, like construction projects. Sedimentation can be controlled using systems designed to catch the eroded soil. A silt fence is a temporary structure used on sloping land to catch any soil that is running down the slope toward the bottomland and/ or waterway. Many agricultural practices lay fallow during the winter months. To avoid leaving bare soil exposed to mass amounts of rainfall and subsequent erosion, farms can implement cover crops and crop rotation to stabilize the soil. A cover crop of grasses and other low growing vegetation would also be sufficient in controlling nutrient runoff. Another control effort for nutrient runoff is to use only the necessary amounts of fertilizer and likewise crops that will absorb the majority of the applied nutrients leaving only trace amounts on the ground surface (Haslam). Animal wastes contain pathogens that can leach into the groundwater or run into the adjacent waterway. The opportunity for movement of the pathogen should be limited. The pathogen has less chance of survival if the water containing it remains stagnant. A buffer would also be a very sufficient solution to, in the very least, minimize the impact that sedimentation, nutrient loading and animal waste pathogens have on the watershed (Haslam). A buffer is a strip of land lining the river that is comprised of trees, grasses and low growing shrubs. Like many regulations and guidelines the standards of a particular riparian buffer varies from state to state. Virginia suggests at least a 50 foot deep buffer in the riparian zone. However, the more depth of vegetation only adds to the benefits. A buffer should consist of native vegetation. This will discourage unnecessary spreading of the vegetation onto the farmland. Unfortunately, some alien species, like Lespedeza, are heavy seeders. These plants, once established, will spread broadly across the landscape, possibly encroaching on the agriculture land. A well-established native vegetative buffer along the river will provide a habitat for native wildlife and will coincide well with the surrounding farm or even urban landscape (Haslam). Many sites on the Tye River were noted as having no buffer. This leads to streambed erosion. These sites were often hayfields, cattle grazing fields, residential properties and both private and public recreational sites. There is a lot of opportunity for riverbank restoration on the Tye. Restoration programs are available from federal government funding and often from local conservation district aid. Private residences can contact their local extension agent to find the most appropriate restoration program for them. Large agricultural practices have many options available and can sometimes receive a monetary return from the efforts put into conservation of their land. Any type of construction or land alteration that takes place in the riparian zone is required by law to receive a permit before commencement of the project. One site documented on the Tye River has already implemented its own restoration project. These projects take time, but even the initial stages can prove to be beneficial. At waypoint 88 and 89 (Lat. N37 43.355 Lon. W78 58.134) a restoration project is taking place. Currently there are trees planted along the edge of the river. The species chosen for this restoration project were maple and sycamore which are a naturally occurring species along riverbanks. There is an abundance of grass covering the heavily eroded bank. This appears to be for temporary bank stabilization, but the planted trees will soon root down to provide more stabilization.  
A riparian buffer can offer a multitude of benefits for the riparian ecosystem. Buffers can act as filters for contaminants carried in surface water and groundwater. Buffer strips can contain up to 90 percent of the Nitrogen and sediment and up to 75 percent of phosphorus that is leached from the surrounding land. Buffers also create obstacles for water before it reaches the waterway, which slows the velocity of the surface water. They also work well as bank stabilization so that when water rises, the bank is not washed directly back into the river (PEC). 
An ideal buffer consists of 3 zones. Zone one is closest to the channel and should be comprised of tree species that provide ample shade for the waterway which helps control the temperature of the water, creating ideal habitat conditions for aquatic life. The root system of the vegetation in zone one should be strong enough to provide bank stabilization and reduce erosion. Ultimately, zone one will be the last visit for pollutants en route to the water. In that case, vegetation in zone one must have good filtering capabilities and possibly be a high nutrient demanding species to assure the absorption of excess nutrients being carried into the water from the adjacent land. Requiring an even more rigorous filtration system is Zone Two. This section of riparian buffer will do most the harnessing of pollutants. Native species that specialize in nutrient uptake are especially efficient in this zone. The third zone has a more herbaceous inhabitance. Grasses, wildflowers and low growing native plants create an easy transition of landscape by absorbing nutrients, chemical pollutants and slowing the flow of surface runoff. Also this will be the first zone of riparian buffer where groundwater infiltration will occur. Any groundwater or surface water filtration that takes place in zone 3 will assist the larger zones one and two with the removal of excess nutrients and possible contaminants before they have the chance to reach the water. (PEC) 

A buffer creates windbreaks for both the waterway and the adjacent land (Edmonds). Also, with regard to agriculture, a forested strip along the river bank can help contain the potential for wildlife and insect pest damage to crop land. Farms taking advantage of the surrounding water supply to hydrate livestock and water their crops will benefit by having cleaner water, as it has ideally been filtered by the buffer zone. Government incentives give plenty of opportunity for economic benefits in riparian buffers. The Farm Service Agency provides opportunities such as the Conservation Reserve Program (CRP) and the Conservation Reservation Enhancement Program (CREP). Both programs encourage farmers to increase the environmental quality of their land by planting buffers near waterways, creating habitat for wildlife and preventing soil erosion by using cover crops (Cestti). A long term agreement with either program can offer annual rental payments to the farm and cost-share assistance from the government (Agriculture, Conservation Programs). Harvesting of grasses or tree within the buffer zone can have significant economic return. However, harvesting of the resources that make up the buffer zone should primarily be done in zone two or three and have a devised plan for restoring the buffer post-harvest. A large enough buffer could be considered hunting land and could benefit a landowner either directly or in leasing opportunities. With respect to community-wide economic benefits, a buffer along the river can lead to an increase in recreation (Iowa DNR).  
SUGGESTED VEGETATION FOR BUFFER ZONE
Hardwoods are a better choice than conifers for streamside buffers. Flood tolerant species are necessary in the riparian zone, as water levels will vary and during high water levels is when bank stabilization is most important. Maples (Acer spp.), Oak( Quercus spp.), American Basswood (Tilia americana). Siberian elm (Ulmus pumila), Persimmon (Diospyros virginiana), and Sycamore (Platanus occidentalis) are flood tolerant. These trees can survive flooding for one growing season. The most practical choice of tree species as riparian buffers are those that can withstand flooding for two or more growing seasons. These species are cottonwood (Populus deltoids), green ash (Fraxinus pensylvannica), poplars and willows (Salix spp.) (Barkley). 
Also to be considered is the herbaceous vegetation and grasses that should make up zone 3 of the riparian buffer. The species in zone 3 should have a fairly strong root system to help improve soil quality. Zone 3 of the riparian buffer should be considered separate from any grazing land that it is adjacent to. Hay and grasses used for cattle grazing do not provide ideal conditions for surface water filtration nor groundwater infiltration. Also, certain riparian buffers, if properly planned, can help prevent cattle from entering the river and ideally, the entire riparian zone. Plants in zone 3 should provide ideal conditions for wildlife habitat (Society, Conservation Practice Standard). 

Along with the many shade benefits that trees provide on the banks of a river, they also provide habitat to many birds and other small animals. The animals can thrive in a buffer zone on fruits, nuts and seeds. The trees also provide a safe canopy for moving along the forest floor. The leaves from the trees also contribute to the health of the aquatic life. As they decompose, they are consumed by aquatic macroinvertabrates. Wildlife diversity is necessary in the riparian zone and a buffer lush with vegetation can provide good habitat for many different kinds of animals. The width of the riparian buffer does play a role in the birds’ inhabitance. Some migratory species have been found to prefer a particular width of forested area. In Virginia, some species will not make their home in a buffer less than 50 meters deep (US Army Engineer, Riparian Zones). Migratory species are found along the Tye River.  Compared to other migratory bird sanctuaries in the region, the James River is known to have the highest density of bald eagle population during the eagles’ migration to the Chesapeake Bay Region. During the visual survey juvenile and adult eagles were seen foraging along the Tye River. The eagles favor the James and Tye because of the vast amount of roosting trees near the water making it ideal for foraging (Service, James River). Hawks and Osprey are also found in abundance near the James and Tye Rivers. Other birds sighted along the Tye were the green heron and the great blue heron. The hooded merganser, a fairly common species along the eastern United States was spotted along the Tye as were mallards 
STORMWATER AND EROSION
Stormwater occurs when there are heavy rains and the amount of discharge in a river increases rapidly. An increase in stormwater runoff will only exacerbate poor conditions of the river banks (Miller). Statewide stormwater runoff guidelines are available to landowners and construction companies to help with erosion and sediment control. The main idea behind these guidelines is to encourage construction projects and adjacent landowners to channel any stormwater runoff into an adequate channel. An adequate channel is described as a waterway capable of receiving an increased amount of water in one particular event without causing major erosive damage and remaining within the confines of the natural channel. Construction sites are encouraged to channel stormwater and sediment runoff directly into an adequate channel through a pipe or sewer system (Recreation). 

Stormwater runoff can cause problems in a waterway such as increased flooding events, massive bank erosion and an increase in pollutants entering the channel. Urban, man-made or intermittent streams can be modified to increase their carrying capacity for water and decrease the chance of flooding. Modifications made to waterways are known as rechanneling. This consists of widening, straightening or stabilizing banks and stream beds with man-made materials. Making these modifications to a natural, free flowing channel causes a great deal of erosion and can lead to a multitude of other problems, including local community member opposition (Recreation). As mentioned before, in the storm of 1969, the Tye River was quickly rechanneled by the Army Corps of Engineers. This was not perceived by the public as a proper reconstruction effort. Some local groups requested environmental assessments be done before rechanneling (Howard). The rechanneling was considered an act of desperation, according to local citizens. The effort to “re-build” the river ultimately failed and has caused major erosion events along the Tye River. 

ALTERNATIVE MONITORING METHOD
Understanding the natural tendencies of the river is important before commencing with any restoration effort. Dave Rosgen has worked in the field of hydrology for over 40 years and is considered to be an expert on river morphology. He has created his own stream classification method -- the Rosgen method. This method describes a four level river assessment that is necessary before any restoration or rechanneling takes place (Rosgen). Often with rechanneling, the river is given a straight course. The velocity of a river is naturally fiercer in a straight run. This has many effects on the river. The bank is more rapidly eroded when the water has no twists and turns to slow it down. Also aquatic life finds it difficult to settle in a fast moving, straight stream (Loucks). Unfortunately, reversing a rechanneling project that runs a straight course is very difficult. The project would be long term and take the cooperation of the surrounding landowners, not to mention major sacrifices of land adjacent to the river. Some areas of the banks of the Tye are so heavily eroded the bank is at a 90 degree angle.  

INVASIVE SPECIES
In the past, BMP’s had good intention but resulted in a detriment to the native landscape. Unknowingly certain plants, Kudzu for example, were introduced into the landscape for the sole purpose of erosion control (Miller). Locally Chinese Lespedeza, which resembles sumac and is probably often identified as such, was introduced for the same reason and can be found along the banks of the Tye. As these plants establish themselves, they begin invading and dominating the native flora. Japanese Stilt Grass is found in moist environments and invades riverbanks while lacking the benefits of the grasses that are native to the river’s ecosystem. Spotted Knapweed is also a rampant invasive species on the banks of the Tye River. This aggressive seed spreader takes moisture and nutrients from the soil leaving an intolerable environment for native plants (NPS.gov). A question of whether the invasive species are all bad is found in bank stabilization and adapted habitat. Often a bank’s only stability is provided by the aggressive root systems of the non-native vegetation. However, the problem with invasive plant species as bank stabilization lies in their ability to outcompete native vegetation. The invasive plants are often very aggressive in their root systems and seed distribution. This can allow them to take over an entire landscape and deplete the resources necessary for native vegetation. If the invasive species becomes prevalent over the native species, this will minimize diversity, thus affecting the wildlife that depends on it for food and shelter. When the wildlife in the riparian zone alter their living habits the entire riverine ecosystem suffers (Kercher).    
RIVER SURVEY

To complete this survey, the Tye River was broken into six sections. With regard to water levels and convenience, the sections were not approached consecutively from top to bottom. The waypoints documented are consecutive in the section only. They are not consecutive between sections. The description of the observation in the data sheets uses the orientation of “River Right” and “River Left”. This is the appropriate direction when heading downstream. Each section is listed below with a description of some of the most prominent observations within that section. Additional information can be found in the attached spreadsheets. 

Section One:  Appalachian Trail ( Snugdale
The visual survey begins at the suspension bridge on the Appalachian Trail—a popular spot for tourist and local citizens. There is adequate public river access at the bridge. Footpaths, campsites and private residences make up the majority of the river’s edge. This section was not navigable by boat at the time it was tested. The gage read that the river’s flow was 31 cfs. There are many large boulders that make up the river substrate in this section. These features provide ideal trout habitat, making this a popular stretch of river for trout fishing. This area has many postings for trout stocking. This section ends at the low flow bridge on Snugdale Lane off of Route 56. 
Section Two:  Snugdale -( 151/56

This was the first section surveyed and was the highest documented flow at 63 cfs compared to other days of surveying. A particular farm was seen in this section using the river water to irrigate its crops. The water was being pumped directly out of the river by a large pipe. It is undetermined what the effects are of this irrigation method on the river. Also, the details of the frequency of use and particular method is unknown. 
This stretch of river flows through cleared paths for private river access, but also approaches public river access at waypoint 53 in Section 1. The Sierra Club, a nationwide environmental interest group, developed a trail and river access at this point. The head of the footpath on Route 56 has a memorial for the victims of Hurricane Camille. The path leads to a wooded picnic area. The banks of this public access area have, overtime, been steeply eroded. The severe erosion now prevents any possible access to the water. The local chapter of The Sierra Club has made efforts to restore the eroded bank to no avail. Restoration will only be provided by the county if they have full cooperation from the adjacent landowners. No compromise has been found. Bank stabilization is needed to prevent any further damage to this public area. 


Three areas along this stretch of river were noted as having manmade bank stabilization. Rip-rap and wire netting were the two materials used. Although these materials are not a natural addition to the river bank, this option helps prevent further erosion. 
Section Three:  151/56 -( Gaging station

In this section we found a more natural form of manmade bank stabilization. The landowner planted trees along the bank of the river where the land appears to be pasture land behind the newly planted buffer.


In this section there is a concrete structure that was apparently an old bridge or dam. At this site there is an obvious footpath leading to the river. 


At one site a farmer has placed fence posts in the river to allow the grazing cattle limited access to the river. 
Section Four: Gaging station ( Phoenix Bridge


This section is where the river begins to lead away from the road. In this stretch of river, we witnessed a “Farm Use” vehicle crossing the river to access the pasture land on the other side. It is very possible that this is a frequently used “path.” The Piney River flows into the Tye in this section. Also the Virginia Blue Ridge Railway Trail crosses over the Tye. One private residence is noted as having heavily pruned trees on the property with a steep incline adjacent to the river. This section of the river seemed to have more areas with cattle grazing land, and fewer buffer zones along the bank. However, no cattle were actually witnessed grazing in this section. Also, there were more footpaths and other access points in this section than in any other. 

Section Five: Phoenix Bridge ( Rucker Run

Although the majority of this section is far from the road, this is where we found the most need for restoration. A large land-clearing project has taken place on this section of the river. The area has been cleared of all trees, shrubs and grasses. One small section appears to have grass seeds spread. However the majority of the cleared land is left as bare dirt. The repercussions of this practice are discussed in an early section about erosion. 

Ruckers Run, which is on the Impaired Waters List flows into the Tye at a public access area that denoted the end of this section. The access point is comprised of a beach a shallow swimming area. It is apparent from the large quantity of litter and ashes that this is a heavily used area. This area, at the time of the survey, had more litter than other access points with litter.
Section Six: Rucker Run ( James River

Near the confluence of Rucker Run and the Tye River two juvenile bald eagles were spotted. The riparian vegetation provided a spot for nesting and hunting. 

An old bridge support is found in this stretch of river. Some of the remaining spikes could pose a hazard to canoeists if the water level were high enough to cover the spikes. It’s possible that the water level may rarely rise high enough above the structure to present hazardous conditions. At the time of the survey the flow was marked at 26 cfs which is the lowest level during the course of the survey.

This was the only section where cattle were actually witnessed in the river. The land is a few miles upstream from the James River. Having cattle in the river at this point will not only directly affect the Tye but will also carry contaminants into the James. 

The survey was completed at the confluence of the Tye River and the James River. At this point, on the right side there is a large tract of pasture land with private river access.
RELATED STUDIES

In 2004 The Rockfish Valley Foundation, Virginia Polytechnic Institute and State University, Virginia Cooperative Extension and Canaan Valley Institute assisted in a study of the Rockfish River in Nelson County, Virginia. This study was a project of the Virginia Service Training for Environmental Progress (STEP) and its intent was to identify the physical state of the Rockfish River. Similar to the Tye River, there was very little data on the river and this was a pioneer study to begin looking at the physical state and water quality issues regarding the Rockfish River.


A current project with the Thomas Jefferson Soil and Water Conservation District (TJS&WCD) is a study of the Hardware River expected to be completed in December 2009. The TJS&WCD received a large grant from the Charlottesville Albemarle Community Foundation to compile a visual survey of the Hardware River. Like the Tye River, the Hardware has been placed on the impaired waters list. The causes for some of the bacterial contamination were explored in the Hardware study. Some possibilities for contaminants reaching the waterway is the amount of cattle access along the Hardware. Although cattle access is not a prominent issue along the Tye, grazing fields with no buffer zones do comprise a large portion of the river’s banks. Because the runoff does not have a natural filtration system, this could be the cause for some E.coli contamination in the Tye River. To combat this issue in the Hardware River, the study team has developed scheduled monitoring of the E.coli levels in the Hardware. Since its inception, the Hardware River team has been working with property owners along the river. The end goal of the project is to provide information to the property owners and to make suggestion for restoration to aid in riparian conservation. The Hardware team has been successful in gaining the attention of the community and they foresee a positive outcome of their hard work and efforts.
CONCLUSIONS and OPPORTUNITIES
This survey was strictly a visual account of the state of the Tye River. Although the overall state of the river appears to be in fair health, there were many areas that could use a extra attention and further investigation. Overall, riparian buffer zones on agricultural fields were the areas in need of restoration efforts. Most areas that were recorded as having “no buffer”, did in fact have grasses protecting the bare soil on the banks, but these areas did not have trees or enough substantial vegetation to withstand extended periods of adverse weather conditions. These areas have presented, in this study, the most opportunity for restoration on the river. 

Some of the waypoints taken describe a man-made structure on the banks of the river, such as bridges, old culverts, the old dam remnants and some other unidentified structures. Each of these structures has a historical significance to the river and the surrounding community. A brief history was given at the beginning of this report, but has the potential for an expanded investigation. Hurricane Camille reigns as the most historic moment in Nelson County and has significantly affected the natural and cultural history of the area. Many reports, books and journals have been written about Camille but a pointed study about natural history with regard to the storm could offer a better understanding of the significant changes that occurred after August of 1969.  

The Virginia Department of Game and Inland fisheries has already slated further monitoring of the fish populations on the Tye for 2010 or 2011. The populations are expected to change, even slightly, since the Quinn dam was removed. A future study could be done to examine the different species that are now abundant in the Tye and what that means for ecosystem stability.

This visual survey was an attempt to identify any restoration opportunity on the Tye River. Restoration in the form of riparian buffers can be noted as most important. The Thomas Jefferson Soil and Water Conservation District (TJS&WCD) is available to help landowners or even local organizations with riparian zone management. More information can be found on the TJS&WCD website at (http://www.tjswcd.org). The most degradation witnessed on the Tye River was the bulldozed site between waypoint 149 and 151 in Section 4. A restoration project to cover the bare soil could help minimize sediment loading in the river. The other point of concern was at point 182 in Section 6 at the Route 626 Bridge where cattle was witnessed wading in the water. The landowner could eliminate the use of the river by the cattle and implement a safer more environmentally sound watering source. The most commendable restoration effort was in Section 2 at waypoints 88 and 89. The landowner has implemented his own riparian restoration and bank stabilization. In future studies, individual landowners could be contacted and provided suggestions for restoration plans.
There is an opportunity for future studies regarding recreation. The Blue Ridge Railway Trail has been very successful in expanding and publicizing the trail. The natural and cultural histories of the trail are two aspects that could be further investigated and incorporated into the informational kiosks at the trail heads. Also, a survey of the uses of the Tye River for fishing, swimming and canoeing could be helpful. Citizens’ opinions and suggestions could help make recreation on the Tye more enjoyable. 

The Tye River is considered an impaired waterway due to its high toxicity level. According to James Beckley of DEQ, monitoring of the Tye River has been temporarily halted but is scheduled to resume within two to three years of its scheduled TMDL development date. . Citizen Monitoring is a program of the Department of Environmental Quality that encourages citizens to participate in monitoring of any stream of their choosing. The data collected can be submitted to DEQ and analyzed by the agency. There is an opportunity for Nelson County’s participation in this program with regard to the Tye River. Non-point source pollution is one of the most significant factors in toxicity in the Tye. An in-depth survey of the exact land uses surrounding the Tye River could provide more information regarding non-point sources. Another major cause of the polluted waters of the Tye is its polluted tributaries. A study that examines the health of the main tributaries, Piney River, Buffalo River and Rucker Run could identify some sources of pollution. 
The North Fork of the Tye River was excluded in this study due to certain limitations. There has been no data collected on this area to the knowledge of FORW and RVF and the project’s constituents. The Rosgen Stream Classification Method, as discussed earlier, could be incorporated in the upper reaches of the Tye. Understanding the morphology and geology, the first two steps in the Rosgen Method, could shed light on the existing stream conditions. The third step entails assessing the stream’s health condition and potential, while the fourth is verifying the field data. This is the most appropriate method to assess a stretch of river, such as the North Fork that has little or no updated biological, chemical or physical data. 
An intensive study could be done examining the state of the Tye River before Hurricane Camille and after and what could be done or has been done to counteract the detrimental changes to the Tye caused by the flood. Stormwater monitoring is necessary to assure that the river can maintain bank stabilization in the event of heavy rain and possible flooding. Bank erosion and stormwater are two factors that could be further analyzed in a future study. 

The National Park Service can be contacted for more information on non-native and invasive plant species. Although, some invasive plant species were identified in this survey, there was no defined documentation or analysis. Invasive plant species pose a serious threat to the native riverscape. A study of invasive plants could involve field identification of invasive species versus native species and how that affects the ecosystem stability. The Department of Conservation and Recreation (DCR)  plays in integral part in the control of invasive species in Virginia. According to Paul Clarke, a representative from DCR, there are many projects ongoing and in planning that regard the control of invasive species. The DCR is involved in both state and national policies for invasive species control.  Some of the particular species that are currently being controlled are Microstegium, Russian Olive, Garlic mustard and Tree of Heaven. Phragmites is another invasive species that DCR works with extensively. Phragmites are found in wetlands and according to Paul Clarke, in this region they are particularly abundant on the Eastern Shore, Northern Neck and much of the southeast region of Virginia. An map that shows the areas in which DCR has documented the presence of Phragmites can be found at http://128.172.160.130/phrag/. Other resourceful websites for specific and generic information about invasive species are listed below. 
http://www.dcr.virginia.gov/natural_heritage/invspfactsheets.shtml
http://www.dcr.virginia.gov/natural_heritage/vaisc/index.htm
http://www.dcr.virginia.gov/natural_heritage/invspinfo.shtml          

ww.dcr.virginia.gov/natural_heritage/documents/invlist.pdf
www.dcr.virginia.gov/natural_heritage/documents/mnginv.pdf
www.dcr.virginia.gov/natural_heritage/vaisc/documents/VISMP_final.pdf
www.invasivespeciesinfo.gov/unitedstates/va.shtml
www.vnps.org/invasive.html
ww.dof.virginia.gov/health/indx.shtml
www.fs.fed.us/foresthealth/management/fhm-invasive.shtml
www.bugwood.org/
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